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The Carroll Round is an international economics conference for undergraduate stu-
dents held annually at Georgetown University in Washington, D.C. It takes the format of 
a professional academic conference at which students present their original research in 
international economics (broadly defined) that are typically honors theses. The goal of the 
Carroll Round is to foster the exchange of ideas among the leading undergraduate econom-
ics students by encouraging and supporting the pursuit of scholarly innovation. To date, 
over 250 students from universities and colleges in North America, Western and Eastern 
Europe, and Australia have participated, making the Carroll Round the premier conference 
of its kind. The conference also provides opportunities for participants to interact with 
prominent academic and policy economists. Alumni have moved on to top Ph.D., J.D., 
M.B.A., and other graduate programs, positions at the Federal Reserve, World Bank, and 
other public institions, and major private corporations.

Notes oN PaPer submissioNs aNd CoNfereNCe PartiCiPatioN

The Carroll Round Proceedings is a publication of synopses and full-length papers 
from the Carroll Round Undergraduate International Economics Conference at George-
town University. We do not accept paper submissions from the general public. If you are 
interested in presenting at the conference, please log on to our website: http://carrollround.
georgetown.edu. All undergraduate students who have written or are in the process of writ-
ing original work in the field of international economics (broadly defined) are encouraged 
to apply.

What is the Carroll rouNd?

vii



aCkNoWledgemeNts

viii

Nearly in its tenth year, the Carroll Round has managed to grow from an ambitious 
project into the premiere conference for students from across the globe to share their re-
search in international economics. Because this achievement and the conference’s future 
would not be possible without the support of our donors, faculty, speakers, session chairs, 
and Georgetown University, the Carroll Round Steering Committee would like to represent 
those who have committed so much of their time and energy.

We would first like to recognize Mr. Yunho Song, a Georgetown graduate and long-
time supporter of the conference who recently established an endowment fund that will 
partly finance the Carroll Round for many years to come. For his support and extremely 
generous financial contribution, we and all future participants of the Carroll Round are 
truly indebted. We thank Ms. Marianne Keler and Mr. Michael Kershow, who have been 
the primary contributors to and advocates of the Carroll Round since its establishment. 
Without this support, the Carroll Round would never have achieved fruition or continued 
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and Mrs. Kenneth Kunkel, and former Carroll Round Steering Committee members Mr. 
Stephen Brinkmann and Mr. Scott Pedowitz. We express our gratitude to the Kanzanjian 
Foundation, which provided the start-up funds without which it would have been impos-
sible to develop the Carroll Round Proceedings.

Within Georgetown the conference is indebted to Mr. Thomas Esch, Ms. Carma 
Fauntleroy, and Ms. Reema Ghazi all of whom have made tireless efforts to advocate the 
Carroll Round cause from our campus’s development and advancement departments. We 
are also deeply appreciative of the efforts of Ms. Christine Smith, Dr. Venilde Jeronimo, 
Ms. Katerina Kulagina, and Ms. Elizabeth Franzino from years past. 

Additionally, we would like to recognize those individuals and institutions that have 
historically been essential to the current status of the Carroll Round. The donations of 
Mr. Peter Faulkner, Mr. John Kelly, Mr. James Moore, Mr. Philip Vasta, Mr. Geoffrey Yu, 
and the highly significant contributions from the Sallie Mae Corporation for the first five 
conferences have made previous endeavors possible and paved the path for future growth.

We would also like to give special recognition to former steering committee members, 
beyond those already mentioned, who have contributed very generous portions of their 
post-collegiate income to the Carroll Round after graduation. Therefore, we thank Ms. 
Stacey Droms, Mr. Brandon Feldman, Ms. Yasmine Fulena, Mr. Christopher Griffin, Ms. 
Rebecca Heide, Mr. Dennis Huggins, and Mr. J. Brendan Mullen. 

Beyond the financial viability of the Carroll Round, the conference also enjoys the 
grace of many proponents on Georgetown University’s campus to ensure its continuing and 
vibrant existence. In particular we would like to thank Provost Jim O’Donnell, Dean Carol 
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Lancaster of the School of Foreign Service, Ms. Kendra Billingslea, and Dr. Dan Powers. 
We would like to recognize Dean Robert Gallucci as well, who supported the development 
of the Carroll Round from the inception of the conference to his retirement from George-
town in 2009. 

The Carroll Round has been fortunate for the last nine years to enjoy the substantive 
quality of the brightest economics undergraduates from across the world. We are particu-
larly grateful to those professors that steer their best students to the Carroll Round, espe-
cially Professor Nancy Marion of Dartmouth College and Professor Michael Seeborg of 
Illinois Wesleyan University. 

We also enjoy the professional experience and wisdom of some of the most respected 
economists in the field. For the Eighth Annual Carroll Round, we were particularly lucky to 
have presentations from Nobel Laureate Dr. Eric Maskin and Dr. Nassim Taleb. Also criti-
cal to the substantive development of the Carroll Round and our participants’ work is the 
work of the session chairs that take the time to read participants’ papers and critique their 
presentations at the conference. We would like to thank the 2009 session chairs for their 
contributions to the conference: Professor Matthew Canzoneri, Professor Robert Cumby, 
Professor Raj Desai, Professor Dale Henderson, Professor Rodney Ludema, Professor 
Anders Olofsgard, Professor Charles Udomsaph, Dr. Barbara Kotschwar of the Peterson 
Institute for International Economics, and Professor Ondrrej Schneider from Charles Uni-
versity in Poland. 

We thank the past Carroll Round Steering Committees, which have shaped and di-
rected the development of the conference into its current status today. We are also indebted 
to the contributions of the Carroll Round Advisory Panel for their assistance in developing 
a long-term vision for the Carroll Round and for grounding where the next ten years may 
take this institution. 

Finally, though not least importantly, we would like to express our ever-growing grati-
tude to Dean Mitch Kaneda, the Carroll Round Faculty Advisor. Without his support, time, 
and passion, this endeavor would not be possible.
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(Revised February 2010)
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Whenever I am asked about the history of the Carroll Round, a story about Oxford and a 
pub called the Radcliffe Arms pub usually comes to mind. While there is truth in this tale, 
the conference’s roots extend firmly and unambiguously to the Georgetown University 
campus. For it was there that a remarkable team of friends and colleagues assembled and 
launched the Carroll Round in 2001.

During the 1999-2000 academic year, I had the great pleasure of meeting and learning 
alongside seven outstanding economics classmates. My first meaningful discussions about 
economics took place that year with fellow students Andrew Hayashi and Ryan Michaels. 
Andrew and I were both enrolled in Professor Mitch Kaneda’s International Trade class 
that semester, and Ryan suffered with me through Microeconomic Theory as well as the 
demanding Introduction to Political Economy. I remember feeling intimidated at first by 
their ever-expanding knowledge of theory and their boundless enthusiasm for learning. 
Over time, however, I realized the extent to which I was learning from their unique 
perspectives; their insights often proved more valuable than the content of weekly lectures. 
I also became acquainted with a group of young classmates, including Bill Brady, Josh 
Harris, Kathryn Magee, Brendan Mullen, and Scott Pedowitz. By the spring, our paths all 
pointed to Europe: Bill, Kathryn, and Scott to the London School of Economics; Brendan 
to the University of Bristol, and Josh, our resident Slavophile, to Poland and Hungary. 
Andrew, Ryan, and I planned to spend our year abroad at the University of Oxford studying 
a mixture of philosophy, politics, and economics. Before departing in October 2000, I knew 
our shared plans were not the product of mere coincidence—something special would 
emerge from the experience.

Having established initial ties at Georgetown, Andrew, Ryan and I began meeting on 
a regular basis to discuss our latest tutorial sessions, grueling problem sets, the future 
of macroeconomics and, occasionally, the latest gossip about luminaries in the field. 
Whereas C.S. Lewis, J.R.R. Tolkien, and the other Inklings made The Eagle and Child their 
intellectual home away from home, we adopted the Radcliffe Arms as our haven. Over 
pints and pub food, Andrew’s twin passions for game theory and philosophy emerged. The 
future of monetary policy and development began to vex Ryan’s thoughts, while I hoped 
to better understand the mechanisms of cooperation, or conflict, underlying international 
trade institutions.

Meanwhile at Pembroke College, I encountered a group of students from universities 
across the country also spending their junior years at Oxford. Although I befriended the other 
economists in our contingent, I also developed close relationships with physicists, biologists, 
literary scholars, and art historians. In the Junior Common Room or over traditional English 
dinners in the dining hall, we shared stories about life at our respective universities and the 
latest research we were conducting at Oxford. As thesis and postgraduate plans matured 
during these conversations, I appreciated ever more my exposure to alternative experiences 
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and approaches to scholarship. The year eventually came to an end, and I worried that these 
exciting connections would dissolve upon return to the United States.

One evening at the start of my final term in Oxford, I thought about the importance of this 
dialogue and my growing affinity for international economics. I harbored a distressing feeling 
that undergraduates, especially in economics, were not afforded adequate opportunities to 
present their work in a serious research setting. After all, I always felt privileged when 
Andrew, Ryan, and my fellow Pembrokians shared their original ideas with me. Thus, 
I concluded that undergraduate economists from around the country deserved an event 
in which they could interact significantly with each other and the professional academic 
community. In March 2001, I composed a memo that outlined my solution: the Carroll 
Round. The following paragraph from that proposal captures my motivating thoughts:

As they prepare for careers in academia, public service, and business, undergraduate students 
throughout the country also have joined a momentous dialogue in collegiate, national, and global 
fora. Many are involved in independent research representing the next generation of critical thought 
in international relations. Others have enjoyed unique experiences through jobs and internship 
programs that expose them to the front lines of economic policy-making and statecraft. Young 
women and men also have championed vociferously environmental and labor-related causes 
through awareness and service programs. Clearly, these timely economic issues are assuming greater 
importance for the future of international relations and are reflected in the abundance of attendant 
student research, interest, and initiative. Therefore, I propose to coordinate and host, in association 
with Georgetown University’s School of Foreign Service and John Carroll Scholars Program, the 
next ‘round’ of economic and political discussion and debate—the Carroll Round.

Unsure of their likely reactions, I invited Andrew and Ryan to join me in this endeavor 
over pints at the Radcliffe Arms. I was confident that if such rising stars believed in the 
concept, other students would join in time. Having worked out more substantive ideas over 
the summer, I was finally prepared to call upon the other economics celebrities in my class 
to collaborate on the project. Bill, Josh, Kathryn, Brendan, and Scott fortunately signed 
on and completed the senior circle. A few months later we welcomed four more students: 
Cullen Drescher, Mark Longstreth, Waheed Sheikh, and future Chair Meredith Gilbert to 
encourage younger students and ensure continuity for the future.

With the unflagging assistance of John Carroll Scholars Program Director John Glavin, 
the proposal was circulated among university administrators. After gaining their initial 
support, I asked Mitch Kaneda, my most influential undergraduate teacher and a newly 
appointed Associate Dean of the School of Foreign Service, to review the proposal. Without 
hesitation—and somewhat to my surprise—he offered his assistance, embarking on an 
indefinite and irreplaceable stewardship of the Carroll Round. Also during the fall, Deans 
Robert Gallucci and Betty Andretta extended moral and financial support, which cemented 
our institutional sponsorship at Georgetown.

The Carroll Round Steering Committee struggled through many difficult decisions 
regarding conference content, format, and funding. Should submitted papers be limited 

xi
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to topics in international economics? What elements must be included in submissions 
and presentations? How do we ensure that financial constraints do not influence students’ 
decisions to attend? Over marathon sessions in Healy Hall and at the Tombs, we developed 
a model for the Carroll Round that has largely remained intact. Development Officers 
Christine Smith and Jim Patti shared our ideas with generous alumni who responded 
favorably and pledged individual donations. Little by little, our initial concepts materialized 
into reality. When the Sallie Mae Fund contributed $10,000 to the Carroll Round, we both 
gained a lead sponsor and secured the long-term future of the conference.

After distributing colorful brochures, contacting the top departments in the country 
and preparing the Hilltop for the event, applications streamed in during the spring. By 
late March, we had narrowed our list of invited students to thirty-two. Seniors traveled to 
Washington from as near as the University of Virginia and as far as Stanford University. 
The Committee was stunned by the enthusiasm expressed by the participants and their 
home departments. Among the more notable responses, Illinois-Wesleyan University sent 
four young economists to the conference and soon after published a special Carroll Round 
edition of their undergraduate economics journal.

The inaugural Carroll Round officially began on Friday April 5, 2002 and the proceedings 
came to a close two days later. Participants enjoyed an exclusive audience with Director of 
the National Economic Council Lawrence B. Lindsey in the beautiful Riggs Library before 
hurrying to the Federal Reserve for another private meeting with then Vice Chairman Roger 
W. Ferguson and current Vice Chairman Donald L. Kohn. The two monetary policy experts 
shared candid stories about the effects of September 11, 2001 on the nation’s banking 
system and the various roles that the Federal Reserve plays in American economic activity. 
Dr. Lindsey’s speech marked another first— the inaugural Ibrahim Oweiss Lecture in honor 
of our beloved Georgetown economics professor. Dr. John Williamson of the Institute for 
International Economics spoke about development issues over a splendid dinner at Cafe 
Milano, and Dr. Edwin M. Truman, former Assistant Secretary of the U.S. Treasury for 
International Affairs, closed the conference with words of wisdom to students considering 
careers in academia and policymaking.

A total of 28 papers were presented over the weekend, showcasing the impressive work of 
men and women now at the forefront of academia, law, and business. Georgetown professors 
who served as panel discussants later remarked that the quality of some presentations met 
or surpassed the sophistication of recent graduate-level dissertations. Judging by their 
comments, the conference brought together some of the best young prospects in economics 
as they approached the frontiers of research.

I never imagined in March 2001 that the first Carroll Round would attain the heights 
realized one year later, or for that matter even exist. Over the past seven years, the event 
has grown in size and scope beyond my initial hopes. The participation of Nobel Laureates 
John F. Nash, Jr. in 2004, Thomas Schelling in 2006, Eric Maskin in 2009, and Robert 
C. Merton this year as well as Susan Athey, the first female recipient of the John Bates 

xii
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Clark Medal, in 2008, marked special peaks in the evolution of the conference, and I hope 
that over time students from the developing world will be able to attend. I continue to 
enjoy meeting participants and learning about their research interests. As they share in the 
excitement of presenting their work and the occasional trepidation of fielding questions, I 
feel humbled to be among such gifted individuals. In fact, alumni from previous years have 
advanced to graduate study at Berkeley, Chicago, MIT, Michigan, Oxford, Princeton, Yale, 
and Wisconsin as well as top government and finance positions around the country. This 
group of former conference participants has truly grown into a professional and academic 
network unlike any other for young economists.

I would like to thank the Kazanjian Foundation for their generous support, which made 
the publication of these Carroll Round Proceedings possible. I also would like to extend my 
unwavering gratitude to the members of the inaugural Carroll Round Steering Committee 
without whom this history would have remained fiction. I have great respect and admiration 
for successive Chairs Seth Kundrot, Meredith Gilbert, Erica Yu, Marina Lafferriere, 
Stephen Brinkmann, Yasmine Fulema, Rebecca Heide, and Ariell Zimran as they assumed 
leadership of the conference. Other past and present Committee members have tirelessly 
ensured the success of the conference each year and deserve our appreciation. 

This year also marks the establishment of the Carroll Round’s endowment due to the 
largesse of School of Foreign Service alumnus Yunho Song (‘86). I distinctly remember 
meeting with him and some of my closest friends at the Tombs to discuss our fledgling 
project, uncertain that fall semester in 2001 whether it would ever see the light of day. He 
was instrumental then in making the Carroll Round a reality, and he now has solidified its 
place within the fabric of Georgetown and the School of Foreign Service. For that, all of us 
who have watched the conference grow extend our heartfelt gratitude.

Finally, and as always, I must thank Mitch Kaneda who has miraculously preserved my 
vision for the Carroll Round over the years and watched over past Committees as they 
built upon its initial success and join the ranks of distinguished alumni. With his continued 
collaboration and the eagerness of future Georgetown students, I expect that next year’s 
tenth anniversary will be a fitting celebration of its exciting origin.

Christopher L. Griffin, Jr.
Georgetown Class of 2002
Carroll Round Founder

xiii
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xiv

I remember the day Christine Smith, the then Associate Vice President of Development 
in the School of Foreign Service, called me to consider supporting a brand new student en-
deavor named the Carroll Round.  I graduated from the School of Foreign Service in 1986 
with a degree in international economics and finance.  Christine had an intuition that I may 
be a keen, enthusiastic supporter.  She gave me a brief description, but suggested I should 
get a more comprehensive presentation from the student leaders.  I met Chris Griffin and 
his steering committee at the Tombs.  It was 9 years ago.  

Their project was ambitious.  You don’t usually see such projects at the undergraduate 
level.  In fact, I think the project was novel at the time.  Chris and his team walked me 
through their idea, their objectives, and what their requirements were to make it happen.  
They hoped to turn the event into an annual event.  They succeeded.

I’ve had the privilege of staying involved with the Carroll Round since then helping 
them fund their annual event.  I’ve also had the privilege of meeting the steering commit-
tees almost every year.  It’s an experience I enjoy very much.

I am taken aback by the quality of the work produced at the Carroll Round.  The students 
tackle relevant subjects, and apply rigorous and in-depth analysis.  Then, for the selected 
papers, the authors are subject to a peer review.  This is critical thinking at its best.  Truly, 
the Carroll Round takes undergraduate dialogue to a whole new level of academic excel-
lence.

I’ve been impressed as well by the continued commitment of the Carroll Round alumni 
to the Carroll Round itself.  I remember asking Chris and his team not to forget their ex-
perience and support the Carroll Round after they graduated.  I ask this of each committee 
I meet every year.  They haven’t disappointed.  The alumni have stayed engaged, many 
now financially support the program, and the Carroll Round has developed an impressive 
network of alums.

To me, the Carroll Round and its development represent the essence and the very best of 
Georgetown.  It’s a relevant undergraduate driven academic, scholarly endeavor connect-
ing top students across the country, and internationally.  The focus is on theory, practice 
and experience.  This is Georgetown.  This is the School of Foreign Service.  My hope and 
expectation is that the program helps galvanize interest in economics and policy and en-
courages the participants to seek a higher level of excellence in any endeavor they choose 
in the future.

Yunho Song
SFS’86
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can credit deFauLt swaPs Predict 
FinanciaL crises?

eMPiricaL study on eMerGinG Markets

Hekuran Neziri
American University in Bulgaria
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1  Introduction

Credit default swaps have been all around the news on the current financial crisis. 
Economists, investors, politicians, and almost everyone seem to agree that these financial 
instruments contain important information that can be used to gauge the financial situation 
during the current financial crisis. An article in Wall Street Journal on Oct 31, 2008 reports:

“Investors raise their bets on defaults in EU Countries implying that euro-zone economy heads into 
recession as costly bank-bailout plans could drive some European governments to default on their 
debt… Soaring [credit default] swap prices have preceded real calamity. Investor fears about the 

We explore the informational value of credit default swaps and the extent to which they 
may be linked to financial crises. After developing a theoretical framework to model the 
relationship between the credit default swap market and equity and currency markets, we 
apply an empirical study which uses logistic regressions and a panel data sample of emerging 
markets to assess the ability of these financial instruments to predict crises. Regarding them 
as reflections of future expectations of investors on the outcomes of currency and equity 
markets, we find credit default swaps to be a significant indicator explaining the periods 
preceeding financial crises, at least in equity markets. The inclusion of credit default swaps 
as a factor in models that predict crises and their ability to improve predictions in equity 
market is a major contribution of this study to the existing literature. 

ABSTRACT
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health of Wall Street firms like Bear Stern Cos. And Lehman Brothers Holding Inc. appeared in 
swap prices early on and contributed to capital flights that left the firms seeking government help… 
Credit default swaps have proven themselves a reliable indicator of trouble ahead.”

Can one, however, claim that an increase in credit default swap prices implies trouble 
in the near future for the reference entity? We explore the informational value of credit 
default swaps and the extent to which they may be linked to financial crises. Specifically, 
we investigate the ability of fluctuations in these premiums to predict the occurrence of 
financial crises.   

The analysis explores the ability of credit default swaps to predict stock market and 
currency market crises. The hypothesis is that credit default swap premiums reflect future 
expectations of investors on outcomes in currency and equity markets. The premium 
allows for a clear view of investor perception of risk. Logistic models with panel data from 
emerging markets are used to assess the crises predictive power of premiums written on 
sovereign obligations of emerging markets. We check the effect on both stock and currency 
markets. 

To our knowledge, this is the first paper to use credit default swap premiums in predicting 
financial crises. However, other factors, which were created to reflect investor sentiment, 
have been used previously. In principle, financial crises should be preceded by periods 
of increased risk aversion among investors. Curdert and Gex (2007) test whether some 
main risk aversion indices are able to predict crises. They find that “risk appetite” tends to 
decrease prior to financial crises. Also, they do not fail to mention that the opposite case is 
possible. Crises may follow after periods of strong “risk appetite” during which investors 
are excessively optimistic and hence create “speculative bubbles” on the prices of risky 
assets. The recent mortgage crisis is an example of increased investor “risk appetite” prior 
to crises. According to their findings, risk aversion indicators had more predictive ability in 
stock market crises than currency crises. 

The study is organized as follows. Section 2 briefly discusses the market for credit 
default swaps and establishes a theoretical basis for relationship between credit default 
swap premiums, equity prices, and currency trends. Section 3 summarizes the literature on 
financial crisis prediction. Section 4 presents the model specification and the definition of 
crisis. Section 5 describes the panel data. Section 6 presents the results, and Section 7 offers 
concluding remarks.

2 Theoretical Framework

The credit default swap (CDS) market is the largest market of credit derivatives. In 
a CDS transaction, the protection buyer pays a series of fixed periodic payments (CDS 
premium) to the protection seller in exchange for a contingent payment in case of a credit 
event, such as bankruptcy, credit downgrade, or failure to make the scheduled payments. 
Duffie (1999) explains that the CDS premium is equivalent to swapping the payments 
from a risky security for the payments of a risk-free security, in exchange for a contingent 
payment in case the risky security defaults. Hence, the premium reflects the credit risk of 
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the underlying asset and is normally quoted in basis points over a reference rate, supposed 
to be a risk-free rate. 

CDSs are actively traded on corporate bonds and sovereign debt. This paper focuses on 
emerging markets where most contracts reference sovereign obligations. Sovereign CDSs 
are considered to be the most liquid credit derivative instruments in emerging markets. The 
usual contract is written on notional amounts of $10 million with a five-year maturity. For 
instance, a 5-year CDS rate of 200 for a Bulgarian international bond means that it costs 
$200 per annum to insure a $10,000 face value Bulgarian international bond. 

Players in the emerging market CDSs use the contracts for a number of reasons. CDSs 
allow speculation on the future creditworthiness of countries. Also, they allow exploitation 
of arbitrage opportunities that may arise from the spread between CDS and the referenced 
bond. In addition, CDSs are used to manage the exposure to sovereign bonds. Participants 
in the market utilizing these opportunities range among hedge funds, mutual funds, banks, 
and pension funds. Because of the players involved and the theory that follows, we assume 
that CDS premiums reflect future expectations of the investors and the premium can be 
used to predict outcomes in currency and equity markets in emerging countries. 

2.1 Link to Currency Markets
We discuss the theoretical basis for the effect of the changes in CDS premium on the 

probability of a currency crisis in the emerging markets. Let N be the notional amount of a 
contract, s be the CDS rate (premium), and p be the default probability of bond payments. 
The seeker of protection against default will buy the contract if the present value of premium 
payments will be equal or less than the present value of the expected loss from default: 

(1 ) (1 )
1 1

Ns p Np R
r r
− −

≤
+ +

 ,     (1)

where R is the recovery rate in case of default and r is the interest rate. The above equation 
produces an expected default probability, set by investors, that is proportional to the 
premium paid:

1
sp

s R
≤

+ − ,
       (2)

where 1-R falls into [0,1]. According to (2), an increase in the CDS premium (s) at a fixed 
R, indicates an increased default probability on bond payments of the reference entity (p). 

In cases where the reference entity is sovereign debt, the increased default concern 
translates into a tendency of the currency to depreciate, as concluded by Cochrane (2004). 
The argument comes from fiscal theory and the theory of optimal distorting taxation. 
Cochrane uses the analogy of money as a stock in fiscal theory to establish a relation 
between currency devaluations and fiscal balances. From the theory of optimal distorting 
taxation, Cochrane argues that a currency crash represents a choice by the government 
to devalue outstanding nominal debt rather than increase distortionary taxes. Hence, we 
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expect an increase in the probability of currency crisis in a country when there is an increase 
in the CDS premium. 

2.2  Link to Stock Markets
The theory for the effect of the changes in CDS premium on the probability of a stock 

market crisis is based on Merton’s (1974) model and its extension to sovereign debt by 
Chan-Lau and Kim (2004). First, Duffie (1999) notes that the yield from a holding a risky 
bond and paying a CDS premium is equivalent to the yield from holding a risk-free bond. 
However, Chan-Lau and Kim (2004) observe that in practice the risk-free yield and the 
yield of a risky asset with CDS is not the same, because there is always a difference in bond 
spreads and CDS spreads evident in CDS-bond differential. The CDS-bond differential 
partly exists because of the different liquidity in the markets and the cheapest-to-deliver 
option premium in bonds. However, in the long-run, there should be a co-integration 
between bond spreads and CDS spreads. 

Merton’s (1974) model links bond and equity prices by taking a balance sheet approach. 
It argues that if the value of a firm’s assets falls below the face value of its debt, the firm 
defaults. Also, there is a positive correlation between bond and equity prices, and hence 
equity prices and bond spreads move in opposite directions. Chan-Lau and Kim (2004) 
extend the model to include sovereign obligations as equivalents of the firms’ debts. 

From the CDS-bond differential and the relationship between equity prices and bond 
spreads, we infer that CDS spreads and equity prices move in opposite directions. 
Furthermore, we use CDS as a source of information for investor expectations in country’s 
equity market, from our assumption that CDS reflect future market expectations. So, we 
expect a positive relationship between changes in CDS premium and the probability of a 
crisis in stock markets. 

3 Literature Review

The idea underlying the empirical research of crisis prediction is to identify some factors 
that show specific patterns prior to periods of crises. The goal is to build a system that 
assesses the probability of crisis at a specific time horizon, taking into consideration all 
information available at the time of prediction. There are three methodological approaches 
used in the literature on currency and stock market crises. The first approach does not 
concentrate on the factors that caused the crisis but rather analyzes the effects of crisis on 
some specific sector of the economy. An example is Sachs, Tornell, and Velasco (1996), 
who examine the implications of the 1995 crisis and try to answer the question of why 
some emerging markets were hit by the crisis while others were not. 

Kaminsky and Reinhart (1996) devise a methodology called a “signal approach” to 
identify the periods where a crisis will occur. Numerous papers follow this method, which 
looks for any pattern in individual variables prior to crisis. When a pattern is found (e.g., 
a deviation from mean up to a certain threshold), a signal is issued by the variable tested. 
The threshold is chosen so as to minimize false signals. The advantage of this approach is 
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that it produces easily understandable results for policy purposes. However, it ignores the 
interaction between independent variables, and standard statistical tests cannot be applied. 

This paper follows the third approach, which eliminates some of the disadvantages of 
the signal approach by using a limited dependent variable. The method uses a logistic 
function to evaluate the overall effect of the explanatory variables and predict an outcome, 
i.e., the probability of the crises, constrained by zero and one. Kumar et al. (2003) use a 
logistic model to study currency crises in 32 developing countries for a period of 15 years. 

Factors suggested by Kaminsky, Lizondo, and Reinhart (1998) and used in this paper 
to predict currency crises are terms of trade, real interest rate, current account deficit, 
unemployment rate, GDP growth, changes in consumer prices, and returns in stock market 
indices. For the stock market, factors used in this paper, suggested by Boucher (2004), and 
used by Curdert and Gex (2007) are price-earnings ratio, stock returns, and real interest 
rates. 

The theory of financial crises suggests that economic fundamentals are the main cause 
of the financial crises. By economic fundamentals, we mean macroeconomic factors 
such as GDP growth, unemployment, inflation etc. The exact timing of the crises was 
first linearly determined, and the crises had been predictable with economic fundamentals. 
Kaminsky and Lizondo (1996) specify models that predicted crises by using economic 
fundamentals in a non-linear fashion.  However, economic fundamentals are not the only 
leading indicators of the crises. Investor behavior and other political and geographic factors 
were also taken into consideration. This paper argues for the inclusion of CDS premiums 
alongside economic fundamental factors to improve the predictability of crises. 

4 Definition of Crises and Model Specification

To test whether sovereign credit default swaps are a leading indicator of financial crises, 
we construct three models in stock markets and currency markets respectively. The first 
model is referred to as the “base” model and includes variables usually used in the literature 
to predict crises. The second model adds to the base model changes in CDS premiums 
and will be indicative of the ability of the sovereign CDS to improve the forecasts of 
the existing models. It does so by checking the significance of the factor in the presence 
of other factors currently used. The third model has changes in CDS premiums as the 
only independent variable. The dependent variable used is a qualitative variable, while the 
independent variables are exogenous quantitative variables. Therefore, non-linear models 
are used to link the crisis prediction indicators as the dependent variables to the changes in 
CDS premiums and other quantitative variables as the independent variables. 

Periods of crises are identified by constructing an indicator (Crisisi,t), which is used as the 
dependent variable in the model. The indicator takes the value of 1 if there had been a crisis 
within past 6 months and a value of 0 otherwise. In the regression models that follow, we 
estimate the probability that the crisis indicator is equal to 1 in a six-month horizon in both 
currency market and stock market of the emerging countries under consideration. Next, we 
define crises in currency and stock markets and explain the regression methodology. 
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4.1 Definition of Crises 

4.1.1 Currency Market
Following Sachs, Tornell, and Velasco (1996), Kaminski, Lizondo, and Reinhart (1998), 

and Corsetti, Pesenti, and Roubini (1999), our models specify a currency crisis when there 
is a simultaneous increase in currency depreciation and decrease in foreign exchange 
reserves. As a convention in literature, a currency pressure index is constructed by the 
following formula:

( ), ,, , ,/
i t i ti t i t E R i tcpindex E Rσ σ= ∆ − ∆

,
    (3)

where ΔEi,t measures the devaluation of the nominal exchange rate in terms of dollars, 
ΔRi,t measures the change in the country’s foreign reserves, and    is the ratio 
of standard deviations. The index has the advantage of being able to analyze speculative 
attacks on currencies under both fixed and flexible exchange rate systems. An increase in 
the reserves reflects foreign currency inflows and lowers the pressure on depreciation of 
the local currency because of the negative sign in the equation. So,    measures the 
depreciation pressure of a currency.

We define a currency crisis when the pressure of a currency goes beyond a certain 
threshold. In empirical studies, the threshold used falls between one and three standard 
deviations above the mean of the index. This paper uses the following formula to identify 
the crisis periods:

, ,,
,

1,   if  2.0

0,  
i t i ti t cpindex cpindex

i t

cpindex
crisis

otherwise

µ σ≥ += 
 ,

   (4)

where  is the crisis indicator of country i at time t,  is the sample mean of 
the pressure index, and    is the standard deviation of the pressure index. With 
a threshold of two standard deviations above the mean, a total number of 24 crises are 
identified. Table 3 in the appendix shows frequencies of crises and tranquil periods in the 
respective countries. 

4.1.2 Stock Market
To identify the crisis periods in stock markets, we adopt Mishkin and White’s (2002) 

definition of a stock market crisis as the fall in price of an index below some threshold 
during a specified period of time. We take the threshold to be 25 percent and the period to 
be 6 months. A country’s main stock market indices have been used as indicators of the 
stock market situation. Table 2 in the appendix shows the stock market indices used for 
respective countries. We use the following formula to identify crises in the emerging stock 
markets:

( ), ,
/

i t i tE Rσ σ

,i tcpindex

,i tcrisis ,i tcpindexµ

,i tcpindexσ
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 ,
    (5)

where  is the stock market crisis indicator of an emerging country denoted by i at 
time t,     is the price of the index at time t, while   is the price of the index six months 
before. The formula considers a crisis to be a drop in the index of more than a quarter of 
its value six months prior.  Using the above definition, we identify a total number of 38 
crises in our sample data.  Table 3 in the appendix shows frequencies of crises and tranquil 
periods in respective countries. 

4.2 Model Specification
Three models are tested to see whether changes in sovereign CDS improve forecasts 

in emerging stock markets and currency crises respectively. The base model includes 
variables usually used in literature of predicting crises in emerging markets. The second 
model adds changes in sovereign CDS premiums to the base model, while the third tests 
the significance of a model which includes only changes in CDS premiums as explanatory 
variable. Variables in all three models are lagged by one month to check the predictability 
a crisis a month in advance. In all the regression models for both markets, we use a logistic 
function of the type: 

1( )
1 1

x

x x

ef x
e e−= =

+ +
.      (6)

The first model uses the following logistic regression model to estimate the probability 
of a crisis in stock and currency markets of emerging countries within a one-month horizon 
by regressing the indicator on variables commonly used in literature:

, , 1
1

Pr( 1)
n

k
i t k i t

k
crisis f Xα b −

=

 = = + 
 

∑
,
    (7)

where α and b  are the coefficients while , 1
k
i tX −  are the variables used in past studies on 

the field. For the model of currency crises, the variables used are real interest rate, terms 
of trade, current account, unemployment rate, GDP growth, inflation, and one-month stock 
returns. However, there is not as much literature that addresses stock market crises as there 
is for currency crises. We use the same factors as in Curdert and Gex (2007) for the stock 
market crises model, namely price earnings ratio of the indices, one month stock returns, 
and real interest rates. 

The second model extends the first model by adding changes in sovereign CDS premiums 
as a factor predicting crises in emerging markets. The following equation is estimated: 

,i tcrisis

,i tP . 6i tP −
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=
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,
     (8)

where , 1 , 1 , 2( / ) 1i t i t i tCDS CDS CDS− − −∆ = −  is the lagged one-month change in sovereign 
CDS premiums on the international bonds of the emerging countries considered in this 
paper. Here, fluctuations in CDS are regressed on the presence of other factors used in the 
first model in order to check its ability to improve the forecasts. 

The third model uses the following logistic regression equation to estimate crisis 
probabilities by using changes in sovereign CDS premiums as the only factor:

, , 1Pr( 1) ( )i t i tcrisis f CDSα b −= = + ∆ ,    (9)

where , 1 , 1 , 2( / ) 1i t i t i tCDS CDS CDS− − −∆ = −  is the lagged one-month change in sovereign 
CDS premiums as in the second model. 

5 Data

The dataset consists of 21 emerging market countries: Argentina, Brazil, Bulgaria, Chile, 
China, Colombia, Croatia, Hungary, India, Indonesia, Israel, Malaysia, Mexico, Peru, the 
Philippines, Poland, Russia, South Africa, South Korea, Thailand, and Turkey. We use panel 
data with monthly frequencies starting from the date when CDS quotes were available for 
the respective reference country until August 2008. We used the Bloomberg terminal to 
retrieve stock market index levels, P/E ratios of indices, and five-year sovereign credit 
default swap premiums, whereas the IMF’s International Financial Statistics database was 
used to retrieve other variables. 

The choice of independent variables in both markets was based on earlier studies, and the 
variables were earlier found to be related to currency and stock market crises respectively. 
Some variables needed to be created from the retrieved series. In stock markets, six month 
stock return series were created by using the index price series obtained from Bloomberg. 
In currency markets, following Kaminsky et al. (1998), we created terms of trade as the 
ratio between exports and imports. Table 1 in the appendix summarizes the independent 
variables and their sources. 

We used linear interpolation to convert the annual and quarterly data observations into 
monthly frequencies. The variables converted were GDP growth, current account, and 
unemployment rate. However, in cases where data with lower frequency were available 
for some countries on these series, we retrieved the lower frequency data. For the monthly 
series, the last day of the month is used.

By correlation coefficients, we checked whether CDS showed information that is 
already contained in another variable. Table 5 in the appendix shows correlation matrices 
for both markets. The correlation coefficient that measures the relationship of CDS to other 
variables falls in the range of -0.063 (GDP growth) and 0.548 (Inflation). Any coefficient 
significantly different from 1 and -1 shows that we cannot fit a linear relationship between 
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those variables. Therefore, we argue that information contained in CDS is distinct from the 
information contained in other variables, and thus it can improve results.  

A panel data unit root test as suggested by Im et al. (2003) is applied to check for 
stationary variables. The test rejected the null hypothesis that all series are non-stationary 
against an alternative that all series are stationary at a 10 percent level of significance. 
Hence, the variables used in the regressions are trend-stationary.

6 Empirical Results

Models specified in the methodology were regressed to estimate the variables that affect 
the probability of stock market crises and currency market crises in emerging markets. We 
used panel data with one month lagged independent variables. Because of the short time 
period of the data, we did only in-sample predictions. Table 6 in the appendix shows the 
coefficients and marginal effects, or slope coefficients, of the factors supposed to affect the 
probability of stock market crises. Table 7 in the appendix presents the same regression 
results for the factors assumed to affect the probability of the currency crises. First, we 
discuss the results in both markets. We then explore the predictive ability of the models. 
Finally, we compare the predictive power of models in stock and currency markets. 

In the stock market models, all three models proved to be significant. In the first model, 
the regression on the currently used factors in literature produced a pseudo R-squared of 
0.059, and the model proved significant at a one percent confidence level. Unexpectedly, 
P/E ratios and real interest rates are insignificant in predicting stock market crises. In the 
second model, we improve the pseudo R-squared to 0.077 after adding the one-month 
changes in the CDS premiums in the base model. One-month changes in CDS premiums 
are statistically significant at one percent and improve forecasts of stock market crashes a 
month in advance in emerging markets. The factor has the expected positive sign, which 
reflects the assumption that ceteris paribus, an increase in premiums signals a higher 
probability of default in emerging stock markets. Also, changes in CDS premiums are 
significant also in the third model, when they are the only factor predicting crises. So, an 
increase in the default probability of bond payments by a country, which is derived from 
the credit default swap premium, can be interpreted as a factor signaling an increase in the 
probability of a stock market crisis in the same country. 

We do not have the same impressive results in currency markets. The regression on the 
factors currently used in literature produced a pseudo R-squared of 0.14 with GDP growth 
and inflation failing to be statistically significant as leading indicators of currency crises. 
Ceteris paribus, increases in stock returns or real interest rates contribute to lower probability 
of currency crisis while increases in terms of trade, current account or unemployment rate 
signal a higher probability of currency crises. Changes in CDS premiums are statistically 
significant at 5 percent confidence level in the third model and they have the expected 
positive sign, where an increase in the premiums corresponds to a higher probability of 
currency crises. However, a test on the slope coefficient of changes in CDS premiums in the 
second model cannot reject the null hypothesis that the coefficient is significantly different 
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from zero. So, changes in CDS premiums are insignificant in presence of currently used 
factors in literature. Hence, the inclusion of the factor in the base model does not improve 
forecasts of currency crises in emerging markets. 

However, one cannot draw conclusions by looking at the coefficients and marginal effects 
of the factors only. Statistics on predictive ability of the models should also be considered. 
To obtain meaningful statistics about predictions from the data sample, we set a probability 
threshold above which it is decided that the model predicts a crisis. Other studies choose a 
threshold that maximizes the share of correctly classified observations. We follow Peltonen 
(2006) and use four different probability thresholds. Tables 8 and 9 in the appendix show 
statistics on the predictive ability of our models for different probability thresholds.  

The statistics on the predictive ability of stock market crises show that the second 
model outperforms the base model by the share of correctly predicted crises at 0.1 and 
0.15 probability threshold. The second model correctly predicts 27.27% and 33.33% 
while the base model predicts 21.05% and 16.67% of the crises at 0.1 and 0.15 thresholds 
respectively. At 0.25 probability threshold, the base model predicts one crisis and makes 
no false alarm while the second and third models correctly predict two crises out of five. 
Adding CDS premium changes to the base model improves the predictive ability and at 
best, it predicts 40% of the crises. 

Changes in CDS premiums are statistically insignificant in the second model, and hence 
the predictive ability of the base model and the second model is the same. However, the 
CDS premiums are significant in the third model but underperform the base model in the 
predictive ability. The model does not predict any crises at a probability threshold of more 
than 0.1. At a threshold of 0.05, the third model correctly predicts only 4.76% of the crises 
while the base model predicts 16.13%. At best, the base model correctly predicts 42.46% 
of the crises at 0.1 and 0.15 probability thresholds. 

Looking at country-specific forecasts, the most successful prediction of a stock market 
crisis was for the Brazilian Bovespa index. Also, the model produced successful predictions 
for the Turkish stock market with the exception of predicted values for 2003. The worst 
results from the stock market model are for the Russian stock market index where we have 
a predicted crisis probability of more than 20 percent, and yet there is no crisis as defined 
in this paper. Figure 1 in the appendix shows the graphs of forecasts for stock market crises 
by country.  

On the other hand, the most successful prediction of a currency market crisis was for the 
South African rand in 2003, although we do not have a predicted crisis probability of more 
than 10 percent for this currency. The worst result from the model that predicts currency 
crises was for the Chinese renminbi. The model predicts a currency crash with more than 
50 percent probability during the second quarter of 2008, although there is no crisis. Figure 
2 in the appendix shows the graphs of forecasts for currency market crises by country.  

To sum up, changes in sovereign credit default swap premiums have statistically 
significant impact on the probability of stock market crises in emerging markets, while the 
same is not true for the currency crises. Credit default swaps alone were able to predict 
40% of the stock market crises and 4.76% of the currency market crises. 
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7 Concluding Remarks

The purpose of this study was to examine whether changes in sovereign credit default 
swap premiums were able to predict stock market or currency market crises in emerging 
markets. The logistic regression results show that the one month change in a country CDS 
premium tends to increase one month ahead of a crisis in the stock market, while it does 
not have a significant implication for the currency market. Also, the predictive power was 
satisfactory for stock market crises. By contrast, these financial instruments were found to 
be insignificant in the presence of other factors in explaining currency crises. The findings 
here confirm the results from Cudert and Cox (2007) that factors which measure investor 
sentiment have more predictive power in stock market crises than in currency crises. The 
inclusion of such a financial instrument as a factor in models that predict financial crises 
and its ability to improve predictions in stock market crises is the major contribution of this 
study in the existing literature. We established that fluctuations in CDS premiums signal 
trouble in stock markets. 

Recently, because of the critiques directed to the industry for the low level of transparency 
in the CDS market, the Depository Trust & Clearing Corp. has decided to publish quotes of 
CDS online and free for public. It will be interesting to see whether this move will have an 
effect on the crises predictive ability of these instruments in the future. This issue is beyond 
the scope of this study; however, the informational value of these financial instruments is 
without a doubt immense. 
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Appendix

Data Sources 
Table 1:  Data Sources and frequencies of the data as they were retrieved
Variables for Stock Market Crises Index Source Frequency and Period 

Country's Main Stock Market Index Bloomberg Monthly, 2000:10 - 2008:8

Independent Variables in Stock Market Model Source Frequency and Period 

5 YR Credit Default Swaps in USD Bloomberg Monthly, 2000:10 - 2008:8
Price/Earnings Ratio of Index Bloomberg Monthly, 2000:10 - 2008:8
Stock Returns Bloomberg Monthly, 2000:10 - 2008:8
Real Interest Rates IMF IFS line 60 and 64.X Monthly, 2000:10 - 2008:8

Variables for Currency Market Crises Index Source Frequency and Period 

Exchange Rate National Currency per USD IMF IFS line AE Monthly, 2000:10 - 2008:8
Total Reserves Minus Gold IMF IFS line 1L.D Monthly, 2000:10 - 2008:8

Independent Variables in Currency Market Model Source Frequency and Period 

5 YR Credit Default Swaps in USD Bloomberg Monthly, 2000:10 - 2008:8
Gross Domestic Product IMF IFS line 99B Annual, 2000 - 2008
Current Account IMF IFS line 78ALD Annual, 2000 - 2008
Unemployment Rate IMF IFS line 67R Annual, 2000 - 2008
Terms of Trade Kaminsky et al (1998) Quarterly, 2000:9 - 2008:6
Country's Main Stock Market Returns Bloomberg Monthly, 2000:10 - 2008:8
Real Interest Rates IMF IFS line 60 and 64.X Monthly, 2000:10 - 2008:8
Change in Consumer Prices IMF IFS line 64.X Monthly, 2000:10 - 2008:8



HEKURAN NEZIRI 15

Table 2:  Countries with respective stock market indexes and currencies and the starting 
date for CDS quotes
Country Stock Market Index Currency CDS Start Date

Argentina Merval Argentinean Peso Jun-05
Brazil Bovespa Brazilian Real Oct-01
Bulgaria Sofix Bulgarian Lev Oct-00
Chile IPSA Chilean Peso Jan-03
China SSE Composite Chinese Renminbi Jan-03
Colombia IGBC Colombian Peso Jan-03
Croatia Crobex Croatian Kruna Oct-00
Hungary Bux Hungarian Forint Mar-02
India Sensex Indian Rupee Feb-05
Indonesia JSX Composite Indonesian Rupiah Jan-05
Israel TA-25 Israeli Shekel Sep-04
Malaysia Kuala Lumpur Composite Malaysian Ringgit Nov-01
Mexico IPC Mexican Peso Oct-01
Turkey ISE-100 National Index New Turkish Lira Oct-03
Peru IGBVL Index Peruvian Nuevo Sol Apr-02
Philippines PSEi Philippine Peso Dec-00
Poland WIG Polish Zloty Oct-00
Russia RTSi Russian Rubble Oct-00
South Africa JSE Index South African Rand Apr-02
South Korea Kospi 200 South Korean Won Apr-02
Thailand SET Index Thai Baht Oct-00

Descriptive Statistics 
Table 3:  Number of observations, frequency of crises and tranquil periods in both stock 
markets and currency markets categorized by country

Country Obs. Crises Tranquil % Crises Crises Tranquil % Crises

Argentina 39 3 36 8.33% 0 39 0.00%
Brazil 83 0 83 0.00% 2 81 2.47%
Bulgaria 95 0 95 0.00% 8 87 9.20%
Chile 68 0 68 0.00% 0 68 0.00%
China 68 3 65 4.62% 6 62 9.68%
Colombia 68 2 66 3.03% 0 68 0.00%
Croatia 95 1 94 1.06% 2 93 2.15%
Hungary 78 0 78 0.00% 0 78 0.00%
India 43 0 43 0.00% 1 42 2.38%
Indonesia 43 1 42 2.38% 0 43 0.00%
Israel 49 0 49 0.00% 0 49 0.00%
Malaysia 82 2 80 2.50% 0 82 0.00%
Mexico 83 2 81 2.47% 0 83 0.00%
Peru 59 1 58 1.72% 2 57 3.51%
Philippines 77 1 76 1.32% 2 75 2.67%
Poland 95 3 92 3.26% 4 91 4.40%
Russia 95 2 93 2.15% 1 94 1.06%
South Africa 95 3 92 3.26% 0 95 0.00%
South Korea 95 0 95 0.00% 1 94 1.06%
Thailand 77 0 77 0.00% 0 77 0.00%
Turkey 77 0 77 0.00% 9 68 13.24%
Total 1564 24 1540 1.56% 38 1526 2.49%

Currency Market Stock Market
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Table 4: Descriptive statistics of independent variables in markets

Variables Obs Mean Std. Dev. Min Max

Currency Crisis Indicator 1564 0.015345 0.1229612 0 1
Stock Market Crisis Indicator 1564 0.024297 0.1540179 0 1
Credit Default Swaps 1564 184.3084 279.9703 8.126 3790

Stock Market Index Prices 1544 9527.907 13094.89 71.85 72592.5
International Reserves 1564 61015.99 133356.5 3008.684 1083780
Terms of Trade 1564 1.061284 0.6944577 -1.17019 3.783082
Current Account 1564 7339.307 36095.73 -6023 371832.6
Unemployment Rate 1424 10.90729 8.035494 0.85 35.5905
GDP Growth 1337 0.043218 8.57E-02 -0.99916 3.30E-01
Inflation 1526 6.198945 7.474744 -1.2658 73.157
Stock Returns (one month) 1542 0.017599 0.0728043 -0.35386 0.541542
P/E Ratio of the Index 1182 20.24383 26.54271 1.84 580.28
Real Interest Rate 1353 4.055149 6.375249 -13.157 34.1197

Table 5: Correlation matrices of variables used in stock market and currency market 
models.
Stock Market

Return CDS Real Int Rate P/E Ratio
One Month Return 1
CDS -0.01 1
Real Interest Rate 0.0279 0.3433 1
Price/Earnings Ratio 0.0447 0.0825 -0.0821 1

Currency Market
CDS Terms CurrAccount Unemploy. Inflation Real Int Rate GDP Growth Return

CDS 1
Terms of Trade 0.0442 1
Current Account -0.0487 0.0426 1
Unemployment Rate 0.1371 0.3065 -0.1246 1
Inflation 0.548 0.1443 0.0569 -0.0367 1
Real Interest Rate 0.1129 0.0884 -0.1359 0.0699 -0.0454 1
GDP Growth -0.0639 0.0444 0.1508 -0.1015 0.023 0.0666 1
One Month Return 0.0049 0.0148 0.1609 -0.0249 0.0377 -0.0614 0.1201 1
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Regression Estimates
Table 6:  Logit regressions on stock market crises prediction models

Dependent variable: Crisis Indicator                 

Independent variables (t-1): Coefficients Marginal Effects Coefficients Marginal Effects Coefficients Marginal Effects

Constant -3.505637*** -3.950127*** -3.973741***
[0.3481558] [0.2009473] [0.1925427]

Sovereign Credit Defalut Swaps .0008721*** 0.00000119*** 0.0010651*** .0000233***
[0.0003182] [0.00002] [0.0002776] [.00001]

P/E Ratio of Stock Markets -0.0005738 -6.79e-06  -.000612 -0.00000725
[0.0121172] [0.00014] [0.0121767] [0.00014]

Real Interest Rate -0.170696 -0.0020196 -.0334392 -0.0020251
[0.0560089] [0.00059] [0.0307316] [0.0006]

One Month Stock Returns -8.266678*** -0.0978076*** -8.640637*** -0.0978626***
[3.192179] [0.04138] [2.129019] [0.04142]

Observations
Log Likelihood
Pseudo squared-R
Chi-square
P-Value

-169.41479
0.0296
10.34

0.0013

Model (3)

1543

0.0773
26.89

0.0000

Model (1) Model (2)

1521 1521
-163.73714

0.0592
20.62

0.0000

-160.6004

Note: Standard errors are in brackets, * significant at 10%, ** significant at 5%, *** significant at 1%, marginal effects give the estimated 
slope coefficient, coefficients are estimated for the original logistic model.
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Table 7:  Logit regressions on currency market crises prediction models

Dependent variable: Crisis Indicator                 
Independent variables (t-1): Coefficients Marginal Effects Coefficients Marginal Effects Coefficients Marginal Effects

Constant -6.738983*** -6.487072*** -4.23099***
[1.077809] [1.086092] [0.2203864]

Sovereign Credit Defalut Swaps 0.8368797 0.0046655 1.63882** .0236229*** 
[1.062977] [0.00602] [0.6597416] [0.00923]

Terms of Trade 0.8058111** 0.0046468 **   0.5876072** 0.0024199**
[0.3655891] [0.00215]  [0.3637605] [0.00172]

Current Account 0.0000107***  6.20e-08*** 8.91e-06*** 3.67e-08***
 [4.79e-06] [0.00000] [5.11e-06] [0.00000]

Unemployment Rate 0.0830174** 0.0004787**  0.0954109** 0.0003929**
[0.0354746] [0.0002] [0.0356845] [0.00018]

Change in Consumer Prices 0.0759931 0.0004382 0.1838124 0.000757
[0.0569267] [0.00036] [0.0814281] [0.00045]

Real Interest Rate -0.01649704 ** -0.0009513**    -0.1489212** -0.0006133**
[0.0788175] [0.00045] [0.0946067] [0.00039]

GDP Growth 3.375028  0.0194626 3.520752 0.0144992 
[4.032087] [0.0232] [4.609704] [0.01952]

One Month Stock Returns -8.855517* -0.0510666*  -9.64336* -0.0397134*
[3.613523] [0.02639] [3.751803] [0.02234]

Observations
Log Likelihood
Pseudo squared-R
Chi-square
P-Value

30.48 27.25 4.87
0.0000 0.0006 0.0274

-90.690727 -69.647606 -120.9699
0.1439 0.1636 0.0197

Model (1) Model (2) Model (3)

1209 1080 1522

Note: Standard errors are in brackets, * significant at 10%, ** significant at 5%, *** significant at 1%, marginal effects give the estimated 
slope coefficient, coefficients are estimated for the original logistic model.
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Predictive Power and Crises Probabilities
Table 8:  Forecasts of crises probabilities in currency market models

Currency Market
Number of crises 

predicted
Crises Predicted 

Correctly False Alarms Sensitivity Specificity
Share of correctly 

classified obs.
Pr( D| +) Pr(~D| +) Pr( +| D) Pr( -|~D)

Model (1)
Threshhold

0.05 62 16.13% 83.87% 47.62% 95.62% 94.79%
0.1 7 42.86% 57.14% 14.29% 99.66% 98.18%

0.15 7 42.86% 57.14% 14.29% 99.66% 98.18%
0.25 5 40.00% 60.00% 9.52% 99.75% 98.18%

Model (2)
Threshhold

0.05 62 16.13% 83.87% 47.62% 95.62% 94.79%
0.1 7 42.86% 57.14% 14.29% 99.66% 98.18%

0.15 7 42.86% 57.14% 14.29% 99.66% 98.18%
0.25 5 40.00% 60.00% 9.52% 99.75% 98.18%

Model (3)
Threshhold

0.05 21 4.76% 95.24% 4.17% 98.66% 97.17%
0.1 1 0.00% 100.00% 0.00% 99.93% 98.36%

0.15 0 0.00% 0.00% 0.00% 100.00% 98.42%
0.25 0 0.00% 0.00% 0.00% 100.00% 98.42%

Note: Crises predicted correctly were classified when there was a prediction that a crisis will happen and the crisis in fact happened. 
False alarms were considered when a crisis was predicted but it did not take place in reality. Sensitivity measures the percent probability 
of a crisis to have been predicted when a crisis happens. Specificity measures the probability that no crisis is predicted when no crisis 
is taking place. Share of correctly classified observations measures the percentage of correctly predicted situations in the market out of 
all the data points used.  D stands for “crises happening” while ~D is the opposite. + stands for “predicted crisis” while – stands for “no 
crisis predicted”. 
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Table 9:  Forecasts of crises probabilities in stock market models

Stock Market
Number of crises 

predicted
Crises Predicted 

Correctly False Alarms Sensitivity Specificity
Share of correctly 

classified obs.
Pr( D| +) Pr(~D| +) Pr( +| D) Pr( -|~D)

Model (1)
Threshhold

0.05 112 12.50% 87.50% 37.84% 93.40% 92.04%
0.1 19 21.05% 78.95% 10.81% 98.99% 96.84%

0.15 6 16.67% 83.33% 2.70% 99.66% 97.30%
0.25 1 100.00% 0.00% 2.70% 100.00% 97.63%

Model (2)
Threshhold

0.05 93 11.83% 88.17% 29.73% 94.47% 92.90%
0.1 22 27.27% 72.73% 16.22% 98.92% 96.91%

0.15 9 33.33% 66.67% 8.11% 99.60% 97.37%
0.25 5 40.00% 60.00% 5.41% 99.80% 97.50%

Model (3)
Threshhold

0.05 23 8.70% 91.30% 5.41% 98.61% 96.37%
0.1 8 25.00% 75.00% 5.41% 99.60% 97.34%

0.15 7 28.57% 71.43% 5.41% 99.67% 97.41%
0.25 5 40.00% 60.00% 5.41% 99.80% 97.54%

Note: Crises predicted correctly were classified when there was a prediction that a crisis will happen and the crisis in fact happened. 
False alarms were considered when a crisis was predicted but it did not take place in reality. Sensitivity measures the percent probability 
of a crisis to have been predicted when a crisis happens. Specificity measures the probability that no crisis is predicted when no crisis 
is taking place. Share of correctly classified observations measures the percentage of correctly predicted situations in the market out of 
all the data points used.  D stands for “crises happening” while ~D is the opposite. + stands for “predicted crisis” while – stands for “no 
crisis predicted”. 

Figure 1:  Graphs of model (2) forecasts for stock market crises by country. The blue 
bar shows the occurrence of a crisis as defined in this paper and the red line shows the 
estimated probability of a crisis by model(2). 
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Figure 2:  Graphs’ of model (2) forecasts for currency market crises by country. The blue 
bar shows the occurrence of a crisis as defined in this paper and the red line shows the 
estimated probability of a crisis by model(2). 
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1  Introduction

Findings in recent publications generally agree that foreign aid does not have the desired 
positive effect on growth and poverty alleviation. The two main reasons for this seem to be 
political patterns of aid-flows, as well as poor performance of recipient countries’ public 
institutions (Alesina and Dollar, 2000).

We investigate the relationship between the Quality of Public Financial Institutions 

The present consensus in the literature is that foreign aid does not have the desired positive 
effects on economic development. This is due in great part to poorly performing public 
institutions in recipient countries. In order to understand better the causes of this undesirable 
phenomenon, we examine the relationship between multilateral foreign aid flows and 
recipient countries’ public finance systems.  We construct a new indicator to assess the 
quality of public finance, the Public Finance Institutions Quality (PFIQ) Index.  For our 
panel of 86 countries, we find that multilateral aid flows have a negative impact on recipient 
country PFIQ score, whereas exogenous improvements in public finance seem to attract 
more aid. These results provide insight into the “black box” of governance: failure to turn 
aid receipts into desired results seems partly attributable to multilateral aid, in its present 
form, not being suited to improving a country’s public financial institutions.  However, 
international donor organisations do seem to reward exogenous improvements in quality 
and reliability of public finance systems. 

ABSTRACT
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(PFI quality) of less developed countries, and the level of multilateral aid they receive. 
This raises two central sets of questions: 

First, does PFI quality develop in reaction to multilateral aid received? If such a 
relationship exists, will it be positive or negative, i.e. does multilateral aid foster or hinder 
public finance quality and thereby good governance and institutional development?

Second, do multilateral aid-flows move relative to the recipient country’s PFI quality? 
If so, does empirical evidence suggest that multilateral donors regard improvements in PFI 
quality as an incentive (or condition) to increase aid-giving? Or could it be the case that 
recipient countries with poor institutions attract more aid?

This paper uses empirical evidence, in the form of panel data on 86 countries over a 
19-year period, to answer the questions above. Apart from a set of robust econometric 
specifications (Sections 3 & 4), our research also requires the construction of a coherent 
measure of PFI quality. For this purpose we have set up a new Public Financial Institution 
Quality (PFIQ) Index, which draws from standardised assessments of institutional quality, 
as well as from reliably available national data (Section 4). 

We restrict our investigation to multilateral aid-giving, as its underlying decisions should 
be free from political and strategic motives (Alesina and Dollar, 2000). Multilateral aid is 
defined as foreign aid donations from: African Development Bank, African Development 
Fund, Asian Development Bank, Asian Development Fund, European Commission, 
International Bank for Reconstruction and Development, International Development 
Association, Inter-American Development Bank, Inter-American Development Bank 
Special Fund, International Fund for Agricultural Development, United Nations 
Development Program, United Nation’s Children’s Fund, Joint United Nations Programme 
on HIV/AIDS, United Nations Population Fund, Global Fund.

The bulk of existing literature on foreign aid is divided into two sections: one studies 
the effects of foreign aid on the recipient country’s institutions and governance, the other 
studies the impact of institutional and governance changes on aid-flow patterns.

Concerning the effects of foreign aid on recipient country’s institutions, Boone (1996) 
argues that aid does not cause an increase in investment or improve human development 
indicators, but does increase the size of government. Similarly, Burnside, and Dollar 
(2000) estimate an equation for government consumption as a share of GDP and find that 
aid has a strong positive impact on government consumption. Both studies suggest that 
aid does have an effect on governmental institutions, but that these changes, in turn, seem 
not to translate positively into growth and poverty alleviation. This puzzle suggests that 
the ‘black box’ of governance in developing countries is not working effectively. This 
may be due to misguided incentives and rent-seeking behavior or to chronic institutional 
inabilities – both of which are related to PFI quality.

  In their 2000 paper, Alesina and Dollar find that exogenous changes in aid have 
no impact on recipient countries’ levels of democratisation. On the same note, Burnside 
and Dollar (2000) argue that aid has no substantial effect on economic policies. Assuming 
that institutional variables such as democratization and economic policies are closely 
intertwined with PFI quality (because of positive externalities or spill-over effects), these 
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findings suggest that aid may not have any significant impact on PFI quality.
Knack (2001) finds that higher aid levels erode the quality of governance, which he 

measures by bureaucratic quality, rule of law, and corruption. Alesina and Weder (2002) 
furthermore provide tentative evidence of increases in aid being correlated with increases 
in corruption. On a similar note, Knack and Brautigam (2004) find that higher levels of aid 
are associated with lower tax effort (ratio of tax revenue to GDP). These findings suggest 
a negative relationship between aid and PFI quality, of which governance quality and tax 
effort are indicative measurements.

Few, but some, findings do suggest a positive correlation between targeted foreign aid 
and government institutions. In our case of interest, aid is sometimes used for improved 
training and increased salaries for public employees, including judges and tax collectors. 
Van Rijckeghem and Weder (2001) argue that because of the increase in salaries, more 
competent bureaucrats can be employed and bribe solicitation can be reduced, thereby 
dissuading rent-seeking behaviour. The result will be an improvement in tax effort and 
government creditworthiness, which would both provide support for the country’s PFI 
quality.

With respect to the impact of institutional and governance changes on aid, Alesina and 
Dollar (2000) and Knack (2001) both point out that, at the margin, institutional factors and 
democratisation do attract aid, even though political considerations on the donors’ behalves 
do play a significant role. These results hint at a possible positive response of multilateral 
aid to PFI quality improvements.

An interesting, though contested, finding by Burnside and Dollar (2000) asserts that aid 
raises growth in a good policy environment. However, Easterly, Levine, and Roodman 
(2000) show that these results are not robust to the use of additional data.

Despite questions concerning the strength of their empirical findings, Burnside and 
Dollar’s underlying theory finds resonance in other publications. Boone (1996), for 
example, shows that aid targeted to liberal regimes may be more successful in alleviating 
social misery. In a similar fashion, Knack and Brautigam (2004) reason that Sub-Saharan 
Africa’s development problems ultimately reflect a crisis of governance and argue that only 
aid provided on a more selective basis can trigger a virtuous cycle of development.

On the assumption that multilateral aid-flows are purpose-bound and designed to serve 
effective growth rather than political strategies, the findings cited above suggest that 
multilateral aid should be attracted towards democratization, liberal regimes, and sound 
economic policies. Granted that these three variables are reflected in good PFI quality, 
donors should either reward, or condition aid on, improvements in recipient countries’ 
public finance systems.

A puzzling result from Alesina and Weder (2002) is that multilateral donors seem not to 
take account of a recipient nation’s degree of corruption when allocating aid. In contrast 
to this, Burnside and Dollar (2000) find that multilateral aid is allocated in favour of 
good policy. These contradictory findings, then, do not yield clear-cut assumptions on the 
relationship between PFI quality and aid. 

The rest of this paper is organized as follows: Section 2 argues why we chose to focus 
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on public finance systems; Section 3 discusses the empirical equations we put to use and 
methods of investigation; Section 4 explains how we constructed the PIFQ Index; Section 
5 summarises our data sources and methods of compilation; Section 6 outlines the various 
regression specifications and the identification strategies; Section 7 presents the results 
for the PFIQ regressions; Section 8 presents the results for the aid regressions; Section 9 
summarizes the caveats of our paper; and Section 10 concludes.

2 The Case for Public Finances 

The quality of public finance is determined by the level and composition of public 
expenditure and its financing via revenue and deficits. An ECB working paper (Afonso, 
Ebert, Schuknecht, and Thöne, 2005) finds that high quality public finances support the long-
run growth of the economy. Specifically, low deficits and debt ratios create expectations 
that public finances are sustainable, so that expenditure policies and tax systems and rates 
will be predictable. This supports economic growth because it creates an environment 
conducive to long-term oriented savings and investment decisions. By contrast, if over 
a longer period government revenue is much lower than total public spending – creating 
unsustainable macro imbalances and public debt accumulation – growth may be reduced 
because the private sector might see the fiscal situation as unsustainable and reduce 
investment in anticipation of future higher taxes.

Public finance systems have received increased attention in the donor community. More 
than 100 countries and donor organizations recently recognised the imperative of managing 
aid more rationally when they endorsed the Paris Declaration on Aid Effectiveness (2005). 
A cornerstone of the plans to reform the system of aid delivery was to strengthen and use 
‘country systems,’ that is, use the national government circuits of public finance rather than 
bypass these circuits to deliver aid to citizens. Donors agreed to concede that the degree to 
which they relied on a recipient country’s public finance systems depended at least partly 
on the quality of these systems, and that “progress will depend on greater understanding of 
the development benefits and risks of using these systems.” The motivation for this paper is 
inscribed directly in the line of this last citation.

Despite this increased interest, no index in the academic circles has yet been constructed. 
In parallel to the Paris Declaration, there have been such efforts in the policy-making 
arena. The outcome has been the Public Expenditure and Financial Accountability (PEFA) 
framework. Unfortunately, the data from this collaboration is very scarce and in any case 
only goes back to 2006 when the first assessment reports were drafted. 

Another relevant measure of the quality of the public finance system would be indicator 
13: Quality of Budget and Financial Management, of the Country Policy and Institutional 
Assessment (CPIA) ratings, produced by the World Bank. The problem with this indicator 
is twofold: data for the CPIA ratings have only been made public from 2004 onwards, and 
the CPIA ratings form the basis for the World Bank’s allocation of aid, which implicates 
the issues of political controversy we seek to avoid.
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3  Empirical Equations and Methods of Investigation

Our empirical work tries to answer two questions: Do public financial systems develop 
in reaction to foreign aid received? Do aid-flows move relatively to the quality of the 
recipient’s public financial system? We investigate these questions by estimating variants 
of the following two equations:

(1) PFIQ(i , t)   =    y (i , t) β (y)    +    a (i , t) β (a)    +     z (i , t) β (z)   +  ε (PFQ)(i , t),
(2) a (i , t) =     y (i , t)α (y)       +    PFIQ (i , t) α (PFQ)    +    p (i , t) α (p)  +  ε (a)(i , t),

where i indexes countries, t indexes time, PFIQ (i , t)  is the Quality of Public Financial 
Institutions index score, a (i , t)  is aid receipts, z (i , t)  is a Z x 1 vector of other control 
variables that might affect the Public Finance Quality index score, p (i , t) is a P x 1 vector 
of other exogenous variables that might affect the allocation of aid, y (i , t)  is the logarithm 
of initial real per capita GDP, ε (PFQ) (i , t)  and  ε (a) (i , t) are error terms.

The main econometric difficulty related to work on aid and policies is that the error 
terms in equations (1) and (2) are possibly correlated. In accord with many other studies 
(e.g. Burnside and Dollar, 2000; Alesina and Weder, 2002; Knack, 2001; Boone, 1996; 
Knack and Brautigam, 2004), we intend to tackle this problem of reverse causation, using 
a two-stage-least-squares (2SLS) instrumental variable procedure. 

The public finance institutions quality (PFIQ) equation
On the basis of the literature and theory outlined in Section I and above, we allow for the 

quality of a country’s public finance system to depend on the level of aid received. We also 
assert that the level of public finance quality is dependent upon the level of income of the 
country, hence we include y (i , t). The set of included covariates (vector z) is comprised of: 

Volume of financial system, proxied by the level of broad money (King and Levine, 
1993);
Political violence, which is measured as the proportion of years, for each country, 
in which there were one or more incidents of violent domestic unrest or conflict 
(Brautigam and Knack, 2004); and
Macroeconomic policy, which is composed of year-on-year inflation rate.

The aid equation
We rely on the literature and theory cited above to determine the variables affecting 

the allocation of aid. Obviously, central to our paper is the quality of public finance 
systems of the recipient country, so this is included in the equation. Based on our literature 
review we consider multilateral aid to be outcome-bound, rather than driven by political 
considerations, which is why we do not control for political strategies and post-colonial 
alliances. Included covariates (vector p) are:

The logarithm of initial GDP per capita y (i , t),  and the logarithm of population; 
A control variable for economic policies, measured by an index of economic 
openness (computed as the ratio of exports and imports over GDP);
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The democratic nature of the recipient country, indicated by a “democracy” dummy 
variable, will also be added to the model, since multilateral donors may discriminate 
against non-democratic regimes;
Measures of recipient need: Infant mortality rate and illiteracy rates.

4  Constructing the Public Finance Institutions Quality (PFIQ) Index

The quality of a country’s public finance system is determined by the level and 
composition of public expenditure and its financing via revenue and deficits (Afonso, 
Ebert, Schuknecht, and Thöne, 2005). There are five sub-components of public finance 
which have to be considered when assessing a country’s public finance system: (i) the 
strength of the institutional framework in which the system is embedded; (ii) the level of 
governmental corruption; (iii) the robustness of the legal framework; (iv) the efficiency of 
the tax systems; and (v) the contribution to a macroeconomic environment which is stable 
and conducive to private sector participation. We chose the following proxies for these 
sub-components:

(i) Institutional strength (IS): Productive output of a public finance system is highly 
sensitive to the strength and expertise of the bureaucracy to govern without drastic changes 
in policy or interruptions in government services. If the bureaucracy can act as a shock 
absorber when governments change, then the budget will not be subject to frequent, 
unpredictable, and erratic modifications. As such, the strength of the bureaucracy underpins 
the stability and predictability of the public finance system. The strength of the bureaucracy 
is measured by the ‘Bureaucracy Quality’ rating, a sub-component of the Political Risk 
measure conducted by the International Country Risk Guide (ICRG). 

(ii) Enforcing legal framework (LF): An enforcing legal framework will dissuade rent-
seeking behaviour. Enforcing is understood not only in the sense of an impartial legal 
system but also in the sense of a popular observance of the law. The conjunction of a strong 
judiciary system and a belief in the enforcement of the law provides strong disincentives 
for rent-seeking behaviour and thereby strengthens the public finance system. The legal 
framework is assessed by the ‘Law and Order’ rating, another sub-component of the 
Political Risk measure conducted by the International Country Risk Guide (ICRG).

(iii) Governmental corruption (GC): Corruption is a particularly important feature of 
problems related to public finance quality, and, as such, has to be dissociated from the 
institutional and the legal framework. Corruption captures the close ties between government 
officials and business, relationships which can distort the distribution of government 
allocations. Moreover, corruption can shift government spending from productive policies 
to policies favouring smaller groups and may impede the efficiency of tax assessments. 
All these factors contribute directly to a deteriorating public finance system. The greater 
risk is that corruption at the governmental level can become so overwhelming it results in 
the deterioration or major restructuring of the governmental institutions, undermining the 
long-term credibility of the public finance system. The level of governmental corruption is 
assessed by the ‘Corruption’ rating, a further sub-component of the Political Risk measure 
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conducted by the International Country Risk Guide (ICRG). 
(iv) Tax collection (TC): An important feature of a public finance system is the capacity 

and the efficiency by which the government collects taxes. A strong tax collection system 
not only increases tax revenue, thereby minimizing the risk of running a government deficit, 
but also, specifically in the case of developing countries, reduces the country’s reliance 
upon other sources of funding (such as foreign aid). Tax effort is defined as the ratio of tax 
revenue to GDP (Knack and Brautigam, 2004). The transfers received through tax revenue 
exclude grants from foreign governments and from international organisations.

(v) Contribution to macroeconomic stability and to private sector participation (SP): 
As argued earlier (iii), the quality of a public finance system depends in large part in its 
sustainability and predictability. These two factors are best accounted for, we believe, by 
the government budget deficit/surplus. Sporadic and large changes oscillating between 
surplus and deficit reflect the government’s inability to manage resources on a longer-term 
basis and provide an insecure context for donors to inject money and for private agents 
to participate. A persistent high deficit reflects the government’s unsustainable level of 
spending, undermining the authority and credibility of the country’s public finance systems. 
Government surplus/deficit is measured as the difference between total tax revenue (which 
excludes foreign aid and other grants) and total government expenditure, and the difference 
is divided by GDP. 

We give equal weight to each of the five sub-components as we have not yet encountered 
any theoretical reason to do otherwise. The Quality of Public Finance Institutions (PFIQ) 
Index is therefore computed as follows:       

PFIQ(i , t)    =   γ1*IS(i , t)  +  γ2*LF(i , t)  +   γ3*GC(i , t)  +   γ4*TC(i , t)  +  γ5*SP(i , t),

where i indexes countries, t indexes time; ∑ γi = 1, i=1,...,5; IS = (‘Bureaucracy Quality 
Rating’ / 4) *100; LF = (‘Law and Order rating’ / 6) *100; GC = (‘Corruption Rating’ 
/ 6)*100; TC = (Tax Revenue, constant US$2000 / GDP, constant US$2000)*100; SP 
= ((Total Tax Revenue, constant US$2000  -  Total Government Expenditure, constant 
US$2000)/ GDP, constant US$2000)*100;

The overall PFIQ score will be a percentage, which has no absolute value, only a relative 
value. The interpretation of the index is straightforward: a higher % score indicates a higher 
level of quality of the public finance system.

5  Data Sources and Compilation

In compiling our dataset we collected data for each of the below variables (See Table 1) 
for all available countries and years. In most cases we retrieved the data online, downloading 
it from the respective provider’s webpage; only the ICRG measure did we receive from our 
University’s Data Library.   

Our values of interest were generally easily available, apart from M2 (brad money) and 
Tax Revenue, where we had to make the following adjustments: For M2 we downloaded 
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the “Country Table” from IMF International Financial Statistics for all countries, extracted 
and summed the lines 14A.ZF, 24..ZF and 25…ZF, scaled all values to billions, and thus 
compiled a single table measuring M2 for 185 countries from 1948 to 2009. In the case of 
Tax Revenue, the values for the years from 1990 onwards were easily available in a single 
table for all countries. The historical values (1972 to 1989) we had to collect country-by-
country, as there was no cross-country table available. Once the complete table was set 
up, we converted the values for each country into constant 2000 USD, using the Penn 
Exchange Rate 2000.

After we had collected the complete dataset as outlined above, we reduced it to the panel 
that was covered by all variables, leaving us with 86 countries and a timeframe from 1984 to 
2003. In the course of our empirical analysis we also compiled two balanced datasets. First, 
we noticed that our PFIQ Index measure was considerably disturbed by a small number of 
outliers. While the vast majority of PFIQ Index values was smoothly distributed between 
(-1) and (+4), there were 14 observations ranging from (+18) to more than (+600). These 
measures can most likely be attributed to measurement error in the collected datasets. We 
therefore decided to create a “clean” measure of PFIQ, by limiting the PFIQ values used 
in STATA to those below (+4). The resulting variable is called PFIQClean. Secondly, we 
compiled a “reduced” dataset, in which we only included those countries for which the 
PFIQ-relevant data were mostly complete; we did this with the intention to check whether 
our results from the big dataset were skewed by gaps in the data. 

6  Summary of Regression Specification and Identification

We estimate variants of both equations. We have no prior theoretical basis which would 
allow us to discriminate between the use of either aid/GDP or aid/population. Running all 
regressions with both variables, we find that for the majority of our results, the amplitude of 
the coefficients change, but the significance and the direction of the impact are consistent 
using both aid/GDP and aid/population.

Concerning the PFIQ score, we estimate coefficients with and without the outliers from 
the PFIQ variable (Section 5). The observations identified as outliers are caused by missing 
data in computing the PFIQ score, not by genuinely ‘abnormally’ high PFIQ scores.

We refer to Table 2 for a summary of the variables included in our regressions.
We mainly rely on the theoretical assumptions outlined in previous subsections to argue 

for the validity of our instrumental variables. Three instruments for measures of aid in 
the PFIQ equation – illiteracy, infant mortality, and logarithm of population – turned out 
to satisfy the requirements of a good instrument best. For the 2SLS aid regressions, we 
decided to use internal conflict, external conflict, and military in politics to instrument for 
PFIQ measures.

7  Public Finance Institutions Quality Regressions

Overall, our findings provide strong support for the hypothesis that aid fails to have a 



ANDERS JENSEN & MARKUS GSTOETTNER 37

positive impact on PFIQ. In the unbalanced sample, both OLS and IV regressions yield an 
insignificant impact of aid on PFIQ. The sample without outliers and the PFIQ balanced 
sample both yield a significant, negative coefficient for the aid-variable. Differences in the 
coefficients between aidP and aidPC were negligible. In both balanced samples, OLS and 
IV coefficients are significantly different (as suggested by the Durbin-Wu-Hausman test), 
and we rely on the IV coefficients to support our results.

For the unbalanced sample, the first two regressions (Table 3, equations 1 and 2) 
produce insignificant coefficients for almost all variables. We seek out to find relevant 
instruments for the aid-variable in order to assess whether the insignificance is because of 
bias or indeed a nonexistent relationship. We argued earlier that possible candidates for 
instruments should first be found in the control variables in the aid equation (Section 3). 
Computing the correlation of aid per capita and aid over GDP with the candidate variables, 
we decide to use illiteracy and infant mortality rate as instruments for aid over GDP and the 
log of population as the instrument for aid per capita (the correlation values are available 
on request). 

Running the two 2SLS regressions (Table 3, equations 3 and 4) we find that IV coefficients 
do not seem to differ from the OLS determined above. This increases confidence in our OLS 
estimates, which show an insignificant coefficient for the aid-variable in the (unbalanced) 
sample with all observations.

We do, however, find significant results once we exclude outliers (there are 14 outliers – 
see definition in Section V – out of 870 observations). Regressions without outliers both in 
the unbalanced and the PFIQ balanced sample produce the same result: aid has a significant, 
negative impact onto aid.

Proceeding as with the unbalanced sample, we first run the general regressions (Table 3, 
equations 5 and 6). The aid coefficient is significant at both the 10% level and the 5% level. 
Furthermore, the overall explanatory power of our specification has greatly increased: 
R-squared has gone from 0% in the unbalanced regressions to roughly 58% in both 
equations 5 and 6. Finally, all control variables, except the logarithm of GDP per capita, 
have become highly significant.

We then investigate the relationship using 2SLS. Using illiteracy and mortality as 
instruments for aid over GDP (despite the somewhat significant relationship between 
mortality and PFIQClean), we find the coefficient of aid over GDP is negative and 
significant at the 1% level.

Using logarithm of population as an instrument for aid per capita (Table 3, equation 7), 
one also finds a highly significant negative coefficient. Adding infant mortality rate as an 
instrument only slightly increases the significance of the aid coefficient.

To test whether the IV and the OLS coefficients are significantly different, we resort 
to the Durbin-Wu-Hausman test (Table 3, equations 7 and 8), yielding a chi-square test-
statistic of 12.05 and 41.4 for aid per capita and aid over GDP, respectively. Thus we 
conclude that the OLS coefficients seem to be inconsistent. We therefore resort to the IV 
coefficients to document the negative and significant impact of aid on PFIQ in the sample 
without outliers.
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STATA Abbreviation Variable Name Formula Observations Source Comments
aid Aid - 1573 OECD DAC

aidP Aid over GDP aid/gdp 1525 -

aidPC Aid Per Capita aid/pop 1570 -

bur Bureaucracy Quality - 1590 ICRG

burP Bureaucracy Quality Percent bur/4 1590 -

corr Corruption - 1591 ICRG

corrP Corruption Percent corr/6 1591 -

Country Country - 86 countries -

dem Democracy Dummy =1 if demindex >=0;     =0 
otherwise 1720 -

demindex Democracy Index - 1659 Polity IV Index

exp Exports as % of GDP - from dataset 1597 WB World Development 
Indicators

extcon External Conflicts - 1590 ICRG

gdp GDP - 1626 WB World Development 
Indicators

gdppc GDP Per Capita gdp/pop 1623 -

govexp Government Expenditure - 1320 WB World Development 
Indicators

illit Illiteracy (100-lit) 1422 -

imp Imports as % of GDP - from dataset 1596 WB World Development 
Indicators

infl Inflation - 1455 WB World Development 
Indicators

intcon Internal Conflicts - 1590 ICRG
laword Law and Order - 1590 ICRG

lawordP Law and Order Percent laword/6 1590 -
lit Literacy - 1422 UNESCO Database

loggdppc Log of GDP Per Capita ln(gdppc) 1623 -
logpop Log of Population ln(pop) 1717 -

M2 Broad Money - compiled in dataset 1554 IMF International Financial 
Statistics

Compted by hand, 
summing lines 

14A..ZF, 24...ZF and 
25...ZF

mil Military in Politics - 1586 ICRG

mort Infant Mortality - 1720 WB World Development 
Indicators

openness Economic Openness imp+exp 1596 -

PFIQ Quality of Public Financial 
Institutions

burP+lawordP+corrP+taxe
ff+surdef 870 -

PFIQClean Quality of Public Financial 
Institutions w/o Outliers

burP+lawordP+corrP+taxe
ff+surdef 856 - PFIQClean==PFIQ if 

PFIQ<4

pop Population - 1717 WB World Development 
Indicators

surdef Government Surplus/Deficit (taxrev-govexp)/gdp 900 -
taxeff Tax Effort taxrev/gdp 1104 -

taxrev Tax Revenue - 1156 IMF Government Finance 
Statistics

Historical values 
(before 1990) collected 

country by country

volfin Volume of Financial System M2/gdp 1505 -
Year Year - 1720 -

Data Summary - All Observations

Table 1
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The data necessary to compute the PFIQ score is scarce across certain countries. 
Specifically, government expenditure and tax revenue were poorly sourced. The 
unavailability of data on tax revenue could be indicative of a poorly performing public 
finance system. The concern was then that running two regressions, one including the 
countries for which data was scarce, the other excluding those countries, would lead to 
differing results. However, our concern was alleviated by the fact that, excluding outliers, 
samples with complete and incomplete data for countries yielded the same results overall 
(Table 3, equations 9, 10, 11, and 12). These results greatly reduce our concerns about 
sample selection bias.

8  Aid Regressions

For the sake of brevity, in this section we directly report the main results using the 
balanced sample, excluding outliers. The complete set of regression results (analogous to 
the PFIQ regressions) can be found in Table 4.

We mainly rely on the results from the regressions run in the sample excluding outliers, 
given the distortions caused by outliers in PFIQ-regressions.

Our findings from the PFIQ equation excluding outliers (Section 7) show aid which has 
instrumented for has a significant negative effect on PFIQ. We cannot therefore disregard 
the need to instrument for PFIQ, given these results. For both equations 7 and 8 (Table 
4), we use military in politics, internal conflict, and external conflict as instruments for 
the PFIQ variable. These two regressions yield similar results: in either case, the PFIQ-
coefficient is significant and positive; all other control variables remain significant, except 
measure of openness and democracy dummy; and the explanatory power is acceptable 
(respectively 42% and 36% for equation 7 and 8).

Conducting the Durbin-Wu-Hausman test for systematic difference in the OLS and IV 
coefficients for regressions 5-7 and 6-8, values of the test-statistics do not allow us to reject 
the null hypothesis of no difference between OLS and IV coefficients at the 10% level. We 
are therefore able to use OLS coefficients, for matters of efficiency, in order to document a 
significant positive impact of PFIQ onto aid over GDP and onto aid per capita.

Comparing coefficients across equations 5 to 8 and 9 to 12 (Table 4), results are negligibly 
similar: the PFIQ coefficient has a significant, positive impact on aid-flows in all cases. The 
only difference in control variables is that openness becomes significant in equation 11.

9  Caveats

Perhaps the most serious limitation to our findings is the possibility of reverse causality 
embedded in our model specifications. 

Nonetheless, provided the variables used for 2SLS estimation in our two main equations 
are acceptably exogenous, the regressions do yield strong results. Specifically, reverse 
causality seems to not affect OLS estimates of the impact of aid onto PFIQ. 

It must be noted that the data set was far from being balanced. Perhaps missing data 
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on certain variables which enter the computation of the PFIQ index are already indicative 
of a poorly-performing public finance system, or perhaps missing data reflect negligence 
on behalf of policy-makers to seize the importance of public finance in implementing 
successful and sustainable policies in developing countries.

There are two further working hypotheses the authors would like to test. Firstly, we are 
interested in whether one can find bilateral donor countries (which are not considered in 
the present study) whose aid-flow patterns resemble those of the multilateral donors we 
have investigated. Secondly, we remain inclined to link our investigations with real-world 
policy analysis, by testing whether the originators of the PEFA framework (PEFA, 7) do 
respond to changes in our PFIQ Index.

10  Conclusion

Our empirical findings help to shed light on many of the puzzles and questions discussed 
in our literature review and working hypotheses. The general picture is that multilateral 
aid-flows have a negative impact on a recipient country’s Quality of Public Financial 
Institutions (PFIQ), and that a better PFIQ has a positive effect on a given country’s 
multilateral aid receipts.

From our literature review in Section 1, existing studies show that aid mostly has a negative 
impact on recipients’ institutions and governance, including corruption, democratization, 
tax effort, and more. The findings of our paper now suggest that the same causal direction 
applies to the relationship between multilateral aid and PFIQ. 

In the same section, we also saw that aid does empirically have a positive effect on 
the size of receiving governments, whilst these changes fail to translate into economic 
growth and poverty alleviation. We consider our findings to be helpful insights into the 
“black box” of governance. Its failure to turn aid receipts into desirable results seems partly 
attributable to the fact that multilateral aid, under its current form, is not suited to improve 
a given country’s public finance quality.

 The second part of our literature review did not allow us to draw any clear-cut 
assumptions about the effect of PFIQ on multilateral aid. For our panel at least, we are 
now confident to conclude that exogenous improvements in a recipient country’s Quality 
of Public Financial Institutions attract increased aid-flows from multilateral donors. This 
suggests that, while multilateral aid seems to fail to have a positive impact on PFIQ, 
international donor organizations reward exogenous improvements in the quality and 
reliability of the public financial systems in target countries.
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Table 3:   PFIQ Regressions Summary (t-statistics in parentheses)
Dependent Variable:

Sample:

Estimation Method:

Equation: 1 2 3 4 5 6 7 8 9 10 11 12

Aid Variable: Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population

Constant 13.31 7.94 17.10 -4.04 0.18 0.14 2.59 0.46 0.28 0.31 3.22 0.62

(0.96) (0.67) (0.49) (-0.26) (1.37) (1.25) (6.10) (3.13) (2.09) (2.59) (5.09) (3.77)

Aid -4.92e+07         -115060.3 -5.28e+07 130715.9 -614987.5 -2046.76 -1.14e+07 -8497.98 -346405.4 -1990.02 -1.52e+07 -8078.82

(-1.26) (-1.11) (-0.34) (0.59) (-1.69) (-2.13) (-6.02) (-4.06) (-0.87) (1.85) (-4.68) (-3.35)

Log GDP per capita -1.65 -0.81 -1.70 0.64 0.02 0.02 -0.32 -0.01 0 0 -0.41 -0.04

(-0.81) (-0.47) (-0.34) (0.31) (0.91) (1.49) (-5.27) (-0.73) (0.18) 0 (-4.56) (-1.73)
Volume of Financial 

System -1708544 -1706065 -2993198 -923771.1 78220.81 76330.59 31151.83 55600.56 77265.05 72889.63 15198.78 52210.33

(-0.54) (-0.54) (-0.63) (-0.29) (2.69) (2.62) (0.54) (1.82) (2.64) (2.48) (0.22) (1.69)

Military in Politics* -0.75 -0.76 -1.02 -1.27 0.17 0.17 0.24 0.18 0.17 0.18 0.24 0.19

(-0.61) (-0.65) (-0.59) (-1.03) (15.63) (15.74) (11.24) (15.58) (15.26) (15.37) (9.52) (15.03)

External Conflicts* -0.77 -0.83 -1.13 -0.57 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.01

(-1.04) (-1.11) (-1.24) (-0.73) (2.35) (2.13) (1.33) (1.30) (2.19) (2.06) (1.26) (1.35)

Internal Conflict* 1.74 1.78 1.96 1.53 0.07 0.07 0.07 0.08 0.07 0.07 0.08 0.08

(2.30) (2.34) (2.27) (1.93) (10.10) (10.21) (6.73) (10.47) (9.13) (9.29) (5.82) (9.49)

Inflation Rate 0.03 0.03 0.03 0.03 0 0 0 0 0 0 0 0

(1.17) (1.09) (1.21) (1.15) (-3.92) (-4.06) (-1.59) (-3.99) (-3.97) (-4.06) (-0.98) (-3.99)

Number of 
Observations 711 711 609 711 699 699 597 699 637 637 547 637

Adjusted R^2 0.00 0.00 0.00 0.00 0.58 0.58 0.09 0.56 0.56 0.56 not reported 0.54

Durbin-Wu-
Hausman Test 

Statistic
- - 0.15 1.58 - - 41.4 12.05 - - not reported 33.5

* NB: for these variables higher ICRG scores indicate less military involvement and fewer conflicts, respectively.
** NB: the reduced dataset consists of those 48 countries (out of 86) for which the relevant data were almost complete (see Appendix Tables II. & III.)
In equations 3, 7 and 11 the exogenous variables for 2SLS estimation are: Illiteracy and Infant Mortality as Instruments for Aid (i.e. Aid/GDP)
In equations 4, 8 and 12 the exogenous variables for 2SLS estimation are: we use Log of Population to instrument for Aid (i.e. Aid/Population)

PFIQ

All Observations

OLS 2SLS

PFIQClean

W/o PFIQ Outliers Reduced Dataset w/o PFIQ Outliers**

OLS 2SLS OLS 2SLS

Dependent Variable:

Sample:

Estimation Method:

Equation: 1 2 3 4 5 6 7 8 9 10 11 12

Aid Variable: Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population

Constant 13.31 7.94 17.10 -4.04 0.18 0.14 2.59 0.46 0.28 0.31 3.22 0.62

(0.96) (0.67) (0.49) (-0.26) (1.37) (1.25) (6.10) (3.13) (2.09) (2.59) (5.09) (3.77)

Aid -4.92e+07         -115060.3 -5.28e+07 130715.9 -614987.5 -2046.76 -1.14e+07 -8497.98 -346405.4 -1990.02 -1.52e+07 -8078.82

(-1.26) (-1.11) (-0.34) (0.59) (-1.69) (-2.13) (-6.02) (-4.06) (-0.87) (1.85) (-4.68) (-3.35)

Log GDP per capita -1.65 -0.81 -1.70 0.64 0.02 0.02 -0.32 -0.01 0 0 -0.41 -0.04

(-0.81) (-0.47) (-0.34) (0.31) (0.91) (1.49) (-5.27) (-0.73) (0.18) 0 (-4.56) (-1.73)
Volume of Financial 

System -1708544 -1706065 -2993198 -923771.1 78220.81 76330.59 31151.83 55600.56 77265.05 72889.63 15198.78 52210.33

(-0.54) (-0.54) (-0.63) (-0.29) (2.69) (2.62) (0.54) (1.82) (2.64) (2.48) (0.22) (1.69)

Military in Politics* -0.75 -0.76 -1.02 -1.27 0.17 0.17 0.24 0.18 0.17 0.18 0.24 0.19

(-0.61) (-0.65) (-0.59) (-1.03) (15.63) (15.74) (11.24) (15.58) (15.26) (15.37) (9.52) (15.03)

External Conflicts* -0.77 -0.83 -1.13 -0.57 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.01

(-1.04) (-1.11) (-1.24) (-0.73) (2.35) (2.13) (1.33) (1.30) (2.19) (2.06) (1.26) (1.35)

Internal Conflict* 1.74 1.78 1.96 1.53 0.07 0.07 0.07 0.08 0.07 0.07 0.08 0.08

(2.30) (2.34) (2.27) (1.93) (10.10) (10.21) (6.73) (10.47) (9.13) (9.29) (5.82) (9.49)

Inflation Rate 0.03 0.03 0.03 0.03 0 0 0 0 0 0 0 0

(1.17) (1.09) (1.21) (1.15) (-3.92) (-4.06) (-1.59) (-3.99) (-3.97) (-4.06) (-0.98) (-3.99)

Number of 
Observations 711 711 609 711 699 699 597 699 637 637 547 637

Adjusted R^2 0.00 0.00 0.00 0.00 0.58 0.58 0.09 0.56 0.56 0.56 not reported 0.54

Durbin-Wu-
Hausman Test 

Statistic
- - 0.15 1.58 - - 41.4 12.05 - - not reported 33.5

* NB: for these variables higher ICRG scores indicate less military involvement and fewer conflicts, respectively.
** NB: the reduced dataset consists of those 48 countries (out of 86) for which the relevant data were almost complete (see Appendix Tables II. & III.)
In equations 3, 7 and 11 the exogenous variables for 2SLS estimation are: Illiteracy and Infant Mortality as Instruments for Aid (i.e. Aid/GDP)
In equations 4, 8 and 12 the exogenous variables for 2SLS estimation are: we use Log of Population to instrument for Aid (i.e. Aid/Population)

PFIQ

All Observations

OLS 2SLS

PFIQClean

W/o PFIQ Outliers Reduced Dataset w/o PFIQ Outliers**

OLS 2SLS OLS 2SLS
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Dependent Variable:

Sample:

Estimation Method:

Equation: 1 2 3 4 5 6 7 8 9 10 11 12

Aid Variable: Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population

Constant 13.31 7.94 17.10 -4.04 0.18 0.14 2.59 0.46 0.28 0.31 3.22 0.62

(0.96) (0.67) (0.49) (-0.26) (1.37) (1.25) (6.10) (3.13) (2.09) (2.59) (5.09) (3.77)

Aid -4.92e+07         -115060.3 -5.28e+07 130715.9 -614987.5 -2046.76 -1.14e+07 -8497.98 -346405.4 -1990.02 -1.52e+07 -8078.82

(-1.26) (-1.11) (-0.34) (0.59) (-1.69) (-2.13) (-6.02) (-4.06) (-0.87) (1.85) (-4.68) (-3.35)

Log GDP per capita -1.65 -0.81 -1.70 0.64 0.02 0.02 -0.32 -0.01 0 0 -0.41 -0.04

(-0.81) (-0.47) (-0.34) (0.31) (0.91) (1.49) (-5.27) (-0.73) (0.18) 0 (-4.56) (-1.73)
Volume of Financial 

System -1708544 -1706065 -2993198 -923771.1 78220.81 76330.59 31151.83 55600.56 77265.05 72889.63 15198.78 52210.33

(-0.54) (-0.54) (-0.63) (-0.29) (2.69) (2.62) (0.54) (1.82) (2.64) (2.48) (0.22) (1.69)

Military in Politics* -0.75 -0.76 -1.02 -1.27 0.17 0.17 0.24 0.18 0.17 0.18 0.24 0.19

(-0.61) (-0.65) (-0.59) (-1.03) (15.63) (15.74) (11.24) (15.58) (15.26) (15.37) (9.52) (15.03)

External Conflicts* -0.77 -0.83 -1.13 -0.57 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.01

(-1.04) (-1.11) (-1.24) (-0.73) (2.35) (2.13) (1.33) (1.30) (2.19) (2.06) (1.26) (1.35)

Internal Conflict* 1.74 1.78 1.96 1.53 0.07 0.07 0.07 0.08 0.07 0.07 0.08 0.08

(2.30) (2.34) (2.27) (1.93) (10.10) (10.21) (6.73) (10.47) (9.13) (9.29) (5.82) (9.49)

Inflation Rate 0.03 0.03 0.03 0.03 0 0 0 0 0 0 0 0

(1.17) (1.09) (1.21) (1.15) (-3.92) (-4.06) (-1.59) (-3.99) (-3.97) (-4.06) (-0.98) (-3.99)

Number of 
Observations 711 711 609 711 699 699 597 699 637 637 547 637

Adjusted R^2 0.00 0.00 0.00 0.00 0.58 0.58 0.09 0.56 0.56 0.56 not reported 0.54

Durbin-Wu-
Hausman Test 

Statistic
- - 0.15 1.58 - - 41.4 12.05 - - not reported 33.5

* NB: for these variables higher ICRG scores indicate less military involvement and fewer conflicts, respectively.
** NB: the reduced dataset consists of those 48 countries (out of 86) for which the relevant data were almost complete (see Appendix Tables II. & III.)
In equations 3, 7 and 11 the exogenous variables for 2SLS estimation are: Illiteracy and Infant Mortality as Instruments for Aid (i.e. Aid/GDP)
In equations 4, 8 and 12 the exogenous variables for 2SLS estimation are: we use Log of Population to instrument for Aid (i.e. Aid/Population)

PFIQ

All Observations

OLS 2SLS

PFIQClean

W/o PFIQ Outliers Reduced Dataset w/o PFIQ Outliers**

OLS 2SLS OLS 2SLS



AID AND PUBLIC FINANCE: A MISSING LINK?46

Table 4:   Aid Regressions Summary (t-statistics in parentheses)
Dependent Variable: Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population

Sample:

Estimation Method:

Equation: 1 2 3 4 5 6 7 8 9 10 11 12

PFIQ Variable:

Constant 2.79e-07 0 - - 2.75e-07 0 2.73e-07 0 2.37e-07 0 2.38e-07 0

(7.51) (11.49)   (7.44) (11.47) (7.32) (11.26) (7.52) (9.42) (7.51) (9.40)

PFIQ Score -8.33e-11 -2.66e-08 - - 9.93e-09 4.04e-06 1.96e-08 6.33e-06 9.26e-09 3.99e-06 1.48e-08 6.46e-06

(-2.52) (-2.43)   (3.34) (4.09) (4.61) (4.51) (3.96) (4.13) (4.50) (4.74)
Log of GDP per 

capita -1.68e-08 -5.75e-06 - - -1.78e-08 -6.13e-11 -1.86e-08 -6.23e-06 -1.84e-08 -5.82e-06 -1.89e-08 -6.03e-06

(-6.85) (-7.04)   (-7.24) (-7.51) (-7.43) (-7.55) (-9.22) (-7.04) (-9.37) (-7.23)

Log of Population -9.98e-09 -5.64e-06 - - -1.02e-08 -5.75e-06 -1.06e-08 -5.80e-06 -6.92e-09 -4.96e-06 -7.21e-09 -5.09e-06

(-7.82) (-13.30)   (-8.00) (-13.59) (-8.16) (-13.59) (-6.32) (-10.94) (-6.51) (-11.10)
Economic 
Openness 7.72e-13 1.00e-08 - - -3.92e-11 -7.68e-09 -8.76e-11 -1.88e-08 -8.22e-11 7.83e-09 -1.10e-10 -4.60e-09

(0.01) (0.57)   (-0.71) (-0.42) (-1.52) (-0.99) (-1.63) (0.37) (-2.12) (-0.21)

Democracy Dummy 1.07e-09 1.66e-06 - - 9.22e-11 1.37e-06 -2.55e-10 1.82e-06 5.76e-09 1.75e-06 5.48e-09 1.63e-06

(0.30) (1.39)   (0.03) (1.15) (-0.07) (1.07) (2.01) (1.48) (1.90) (1.36)

Infant Mortality 7.37e-10 1.06e-7 - - 8.52e-10 1.42e-07 9.09e-10 1.57e-07 3.87e-10 1.35e-07 4.21e-10 1.50e-07

(7.22) (3.12)   (8.19) (4.12) (8.55) (4.48) (4.46) (3.76) (4.77) (4.10)

Illiteracy -3.37e-10 -1.15e-07 - - -4.63e-10 -1.53e-07 -5.15e-10 -1.63e-07 -1.57e-10 -1.12e-07 -1.90e-10 -1.27e-07

(-2.70) (-2.76)   (-3.66) (-3.64) (-3.99) (-3.83) (-1.53) (-2.66) (-1.84) (-2.97)

  

Number of 
Observations 709 709 - - 695 695 694 694 636 636 636 636

Adjusted R^2 0.41 0.35 - - 0.43 0.37 0.42 0.36 0.37 0.33 0.36 0.32

Durbin-Wu-
Hausman Test 

Statistic
- - - - - - 10.18 7.18 - - 5.76 6.59

** NB: In Section VIII. It was found that, for the unbiased sample, exogenous aid-shocks do not have an impact on PFIQ, consequently we do not instrument for PFIQ in the present specification
***NB: the reduced dataset consists of those 48 countries (out of 86) for which the relevant data were almost complete (see Appendix Tables II. & III.)
In equations 7, 8, 11 and 12he exogenous variables for 2SLS estimation are: Military in Government, External Conflicts and Internal Conflicts.
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W/o PFIQ Outliers Reduced Dataset w/o PFIQ Outliers***
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Dependent Variable: Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population Aid/GDP Aid/Population

Sample:

Estimation Method:

Equation: 1 2 3 4 5 6 7 8 9 10 11 12

PFIQ Variable:

Constant 2.79e-07 0 - - 2.75e-07 0 2.73e-07 0 2.37e-07 0 2.38e-07 0

(7.51) (11.49)   (7.44) (11.47) (7.32) (11.26) (7.52) (9.42) (7.51) (9.40)

PFIQ Score -8.33e-11 -2.66e-08 - - 9.93e-09 4.04e-06 1.96e-08 6.33e-06 9.26e-09 3.99e-06 1.48e-08 6.46e-06

(-2.52) (-2.43)   (3.34) (4.09) (4.61) (4.51) (3.96) (4.13) (4.50) (4.74)
Log of GDP per 

capita -1.68e-08 -5.75e-06 - - -1.78e-08 -6.13e-11 -1.86e-08 -6.23e-06 -1.84e-08 -5.82e-06 -1.89e-08 -6.03e-06

(-6.85) (-7.04)   (-7.24) (-7.51) (-7.43) (-7.55) (-9.22) (-7.04) (-9.37) (-7.23)

Log of Population -9.98e-09 -5.64e-06 - - -1.02e-08 -5.75e-06 -1.06e-08 -5.80e-06 -6.92e-09 -4.96e-06 -7.21e-09 -5.09e-06

(-7.82) (-13.30)   (-8.00) (-13.59) (-8.16) (-13.59) (-6.32) (-10.94) (-6.51) (-11.10)
Economic 
Openness 7.72e-13 1.00e-08 - - -3.92e-11 -7.68e-09 -8.76e-11 -1.88e-08 -8.22e-11 7.83e-09 -1.10e-10 -4.60e-09

(0.01) (0.57)   (-0.71) (-0.42) (-1.52) (-0.99) (-1.63) (0.37) (-2.12) (-0.21)

Democracy Dummy 1.07e-09 1.66e-06 - - 9.22e-11 1.37e-06 -2.55e-10 1.82e-06 5.76e-09 1.75e-06 5.48e-09 1.63e-06

(0.30) (1.39)   (0.03) (1.15) (-0.07) (1.07) (2.01) (1.48) (1.90) (1.36)

Infant Mortality 7.37e-10 1.06e-7 - - 8.52e-10 1.42e-07 9.09e-10 1.57e-07 3.87e-10 1.35e-07 4.21e-10 1.50e-07

(7.22) (3.12)   (8.19) (4.12) (8.55) (4.48) (4.46) (3.76) (4.77) (4.10)

Illiteracy -3.37e-10 -1.15e-07 - - -4.63e-10 -1.53e-07 -5.15e-10 -1.63e-07 -1.57e-10 -1.12e-07 -1.90e-10 -1.27e-07

(-2.70) (-2.76)   (-3.66) (-3.64) (-3.99) (-3.83) (-1.53) (-2.66) (-1.84) (-2.97)

  

Number of 
Observations 709 709 - - 695 695 694 694 636 636 636 636

Adjusted R^2 0.41 0.35 - - 0.43 0.37 0.42 0.36 0.37 0.33 0.36 0.32

Durbin-Wu-
Hausman Test 

Statistic
- - - - - - 10.18 7.18 - - 5.76 6.59

** NB: In Section VIII. It was found that, for the unbiased sample, exogenous aid-shocks do not have an impact on PFIQ, consequently we do not instrument for PFIQ in the present specification
***NB: the reduced dataset consists of those 48 countries (out of 86) for which the relevant data were almost complete (see Appendix Tables II. & III.)
In equations 7, 8, 11 and 12he exogenous variables for 2SLS estimation are: Military in Government, External Conflicts and Internal Conflicts.

OLS 2SLS**

PFIQ PFIQClean PFIQClean

W/o PFIQ Outliers Reduced Dataset w/o PFIQ Outliers***

OLS 2SLS OLS 2SLS

All Observations
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            Zimbabwe      604.5765          .15     1.49e-08     9.04e-06      1.28862
              Zambia      348.7018          .65     1.15e-07     .0000383     1.366288
               Yemen      484.6299           .3     2.00e-08     .0000122     1.460926
             Vietnam       298.514            0     1.28e-08     4.34e-06             
           Venezuela      4924.516            1     7.33e-11     3.54e-07     1.487722
             Uruguay      5452.082          .95     4.19e-10     2.25e-06     1.536148
United Arab Emirates         24077            0     3.84e-11     9.79e-07     1.963742
             Ukraine      931.9698            1                               1.828316
              Uganda      198.2161          .05     1.04e-07     .0000197      1.13695
              Turkey      3472.781            1     3.79e-10     1.34e-06     1.309862
             Tunisia      1700.064            0     8.17e-09     .0000139     1.898433
   Trinidad & Tobago      5563.097            1     1.71e-09     8.53e-06     1.968389
                Togo      255.6777            0     7.30e-08     .0000193     .9950033
            Thailand      3290.235          .95     9.59e-10     2.61e-06     1.949288
            Tanzania      263.1885           .2     5.53e-08     .0000142             
               Syria      532.5496            0     4.37e-09     2.27e-06       1.2091
               Sudan      316.0038          .15     4.16e-08     .0000118     .6274182
           Sri Lanka      313.7842            1     2.55e-08     7.50e-06     1.624376
        South Africa      3088.067           .9     1.08e-09     3.27e-06     2.012196
            Slovenia      8754.697            1     3.95e-09     .0000366      2.65573
           Singapore       17290.8            0     5.47e-11     7.22e-07             
        Sierra Leone      212.8899          .15     1.20e-07     .0000236             
             Senegal       443.676           .2     6.39e-08     .0000284     1.377543
               Qatar                          0                  2.53e-06             
         Philippines      921.5164          .85     1.92e-09     1.75e-06     1.227474
                Peru      1974.254           .9     1.29e-09     2.53e-06     1.054426
            Paraguay      1386.417          .75     4.01e-09     5.57e-06     1.070044
    Papua New Guinea      666.9385            1     2.00e-08      .000013     1.996102
              Panama      3468.971          .75     7.38e-10     2.41e-06      1.14213
            Pakistan      486.0771          .55     1.46e-08     6.90e-06      1.03514
                Oman      7597.145            0     3.20e-10     2.27e-06     1.975038
             Nigeria      358.0599          .25     2.91e-09     1.06e-06             
           Nicaragua      744.5935           .7     5.46e-08       .00004     1.073298
             Namibia      1751.041            1     1.79e-08      .000031     2.526974
             Myanmar                          0                  2.14e-06             
             Morocco      1235.114            0     5.77e-09     7.24e-06     1.821694
            Mongolia      466.1763           .7     5.48e-08     .0000242             
              Mexico      5237.651           .8     5.58e-11     2.94e-07     1.849994
                Mali      226.0282           .6     1.19e-07     .0000263     .4954835
            Malaysia       3058.58            1     2.95e-10     7.41e-07     2.296094
              Malawi      140.6572           .5     2.10e-07     .0000293     1.244501
             Liberia       254.903           .3     2.22e-07     .0000278             
             Lebanon       4080.84            0     5.89e-09     .0000223      1.81491
              Kuwait       16011.9            0     6.56e-11     1.29e-06     2.001982
               Kenya      418.5943           .1     2.82e-08      .000012     1.818444
           Kazakstan      1277.624          .35     1.53e-09     1.77e-06     2.016615
              Jordan      1800.009            0     1.92e-08      .000033     1.805811
             Jamaica      2889.925            1     4.96e-09     .0000142             
              Israel      16261.46            1     1.09e-10     1.69e-06     2.653183
                Iran       1448.69          .35     5.30e-10     7.44e-07     1.797648
           Indonesia      700.5228          .25     1.27e-09     7.82e-07     1.071712
            Honduras      1098.772            1     2.98e-08     .0000328     .5639676
               Haiti      534.7904           .3     2.62e-08     .0000135             
              Guyana      799.8542           .6     1.24e-07     .0000963     .2673844
       Guinea-Bissau      170.2102          .35     3.04e-07     .0000522     .6470916
              Guinea      353.4613            0     7.97e-08     .0000278     1.493075
           Guatemala      1552.921           .9     3.73e-09     5.71e-06     .9562021
               Ghana      223.0734           .4     1.05e-07     .0000228     1.304958
              Gambia      305.7655           .5     1.52e-07      .000047      1.43724
               Gabon       4635.22            0     3.56e-09     .0000163     1.441774
            Ethiopia      123.9293          .45     9.15e-08     .0000112     1.081786
         El Salvador      1857.172            1     6.17e-09     .0000109     .9745212
               Egypt      1277.502            0     3.32e-09     4.11e-06     1.483343
             Ecuador      1323.028            1     4.40e-09     5.73e-06     226.4259
  Dominican Republic      1794.643            1     3.21e-09     5.32e-06     1.566392
              Cyprus      11201.71            1     3.85e-09     .0000368             
             Croatia      3882.315          .55     1.79e-09     6.99e-06     2.289571
          Costa Rica      3458.983            1     2.03e-09     5.70e-06     1.927537
           Congo, DR       152.678            0     4.21e-08     5.87e-06      49.5945
               Congo      1111.762          .25     1.03e-08     .0000115             
            Colombia       1920.82            1     3.60e-10     6.43e-07     1.280493
               China      626.2484            0     1.46e-09     6.98e-07     1.607048
               Chile      3847.072          .75     1.58e-10     7.38e-07     1.926549
            Cameroon      706.6931            0     1.82e-08      .000012     1.568563
        Burkina Faso      195.3379          .15     9.44e-08     .0000183      1.54116
              Brazil      3538.494          .95     9.75e-11     3.44e-07     1.774034
            Botswana      2717.025            1     1.23e-08     .0000271     2.068361
             Bolivia      929.7963            1     3.58e-08      .000033     .9341965
             Belarus      1219.093           .6                               1.641334
          Bangladesh      289.3903          .65     2.94e-08     7.98e-06     .8521771
             Bahrain      10851.42            0     5.16e-10     5.53e-06             
          Azerbaijan      784.2749           .4     2.19e-08     .0000133             
             Armenia      594.8647           .9     7.14e-08     .0000403     1.210326
           Argentina      6934.738            1     1.56e-10     1.09e-06     1.817193
             Algeria      1816.059            0     1.43e-09     2.57e-06     1.430711
             Albania      1017.047           .7     4.31e-08     .0000419     1.416109
                                                                                      
             Country   mean(gdppc)    mean(dem)   mean(aidP)  mean(aidPC)   mean(PFIQ)
                                                                                      

. table Country, contents(mean gdppc mean dem mean aidP mean aidPC mean PFIQ )

Appendix (full version available on request)  

Table 1: Country-specific summary statistics (86 countries) 
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            Zimbabwe      604.5765          .15     1.49e-08     9.04e-06      1.28862
              Zambia      348.7018          .65     1.15e-07     .0000383     1.366288
               Yemen      484.6299           .3     2.00e-08     .0000122     1.460926
             Vietnam       298.514            0     1.28e-08     4.34e-06             
           Venezuela      4924.516            1     7.33e-11     3.54e-07     1.487722
             Uruguay      5452.082          .95     4.19e-10     2.25e-06     1.536148
United Arab Emirates         24077            0     3.84e-11     9.79e-07     1.963742
             Ukraine      931.9698            1                               1.828316
              Uganda      198.2161          .05     1.04e-07     .0000197      1.13695
              Turkey      3472.781            1     3.79e-10     1.34e-06     1.309862
             Tunisia      1700.064            0     8.17e-09     .0000139     1.898433
   Trinidad & Tobago      5563.097            1     1.71e-09     8.53e-06     1.968389
                Togo      255.6777            0     7.30e-08     .0000193     .9950033
            Thailand      3290.235          .95     9.59e-10     2.61e-06     1.949288
            Tanzania      263.1885           .2     5.53e-08     .0000142             
               Syria      532.5496            0     4.37e-09     2.27e-06       1.2091
               Sudan      316.0038          .15     4.16e-08     .0000118     .6274182
           Sri Lanka      313.7842            1     2.55e-08     7.50e-06     1.624376
        South Africa      3088.067           .9     1.08e-09     3.27e-06     2.012196
            Slovenia      8754.697            1     3.95e-09     .0000366      2.65573
           Singapore       17290.8            0     5.47e-11     7.22e-07             
        Sierra Leone      212.8899          .15     1.20e-07     .0000236             
             Senegal       443.676           .2     6.39e-08     .0000284     1.377543
               Qatar                          0                  2.53e-06             
         Philippines      921.5164          .85     1.92e-09     1.75e-06     1.227474
                Peru      1974.254           .9     1.29e-09     2.53e-06     1.054426
            Paraguay      1386.417          .75     4.01e-09     5.57e-06     1.070044
    Papua New Guinea      666.9385            1     2.00e-08      .000013     1.996102
              Panama      3468.971          .75     7.38e-10     2.41e-06      1.14213
            Pakistan      486.0771          .55     1.46e-08     6.90e-06      1.03514
                Oman      7597.145            0     3.20e-10     2.27e-06     1.975038
             Nigeria      358.0599          .25     2.91e-09     1.06e-06             
           Nicaragua      744.5935           .7     5.46e-08       .00004     1.073298
             Namibia      1751.041            1     1.79e-08      .000031     2.526974
             Myanmar                          0                  2.14e-06             
             Morocco      1235.114            0     5.77e-09     7.24e-06     1.821694
            Mongolia      466.1763           .7     5.48e-08     .0000242             
              Mexico      5237.651           .8     5.58e-11     2.94e-07     1.849994
                Mali      226.0282           .6     1.19e-07     .0000263     .4954835
            Malaysia       3058.58            1     2.95e-10     7.41e-07     2.296094
              Malawi      140.6572           .5     2.10e-07     .0000293     1.244501
             Liberia       254.903           .3     2.22e-07     .0000278             
             Lebanon       4080.84            0     5.89e-09     .0000223      1.81491
              Kuwait       16011.9            0     6.56e-11     1.29e-06     2.001982
               Kenya      418.5943           .1     2.82e-08      .000012     1.818444
           Kazakstan      1277.624          .35     1.53e-09     1.77e-06     2.016615
              Jordan      1800.009            0     1.92e-08      .000033     1.805811
             Jamaica      2889.925            1     4.96e-09     .0000142             
              Israel      16261.46            1     1.09e-10     1.69e-06     2.653183
                Iran       1448.69          .35     5.30e-10     7.44e-07     1.797648
           Indonesia      700.5228          .25     1.27e-09     7.82e-07     1.071712
            Honduras      1098.772            1     2.98e-08     .0000328     .5639676
               Haiti      534.7904           .3     2.62e-08     .0000135             
              Guyana      799.8542           .6     1.24e-07     .0000963     .2673844
       Guinea-Bissau      170.2102          .35     3.04e-07     .0000522     .6470916
              Guinea      353.4613            0     7.97e-08     .0000278     1.493075
           Guatemala      1552.921           .9     3.73e-09     5.71e-06     .9562021
               Ghana      223.0734           .4     1.05e-07     .0000228     1.304958
              Gambia      305.7655           .5     1.52e-07      .000047      1.43724
               Gabon       4635.22            0     3.56e-09     .0000163     1.441774
            Ethiopia      123.9293          .45     9.15e-08     .0000112     1.081786
         El Salvador      1857.172            1     6.17e-09     .0000109     .9745212
               Egypt      1277.502            0     3.32e-09     4.11e-06     1.483343
             Ecuador      1323.028            1     4.40e-09     5.73e-06     226.4259
  Dominican Republic      1794.643            1     3.21e-09     5.32e-06     1.566392
              Cyprus      11201.71            1     3.85e-09     .0000368             
             Croatia      3882.315          .55     1.79e-09     6.99e-06     2.289571
          Costa Rica      3458.983            1     2.03e-09     5.70e-06     1.927537
           Congo, DR       152.678            0     4.21e-08     5.87e-06      49.5945
               Congo      1111.762          .25     1.03e-08     .0000115             
            Colombia       1920.82            1     3.60e-10     6.43e-07     1.280493
               China      626.2484            0     1.46e-09     6.98e-07     1.607048
               Chile      3847.072          .75     1.58e-10     7.38e-07     1.926549
            Cameroon      706.6931            0     1.82e-08      .000012     1.568563
        Burkina Faso      195.3379          .15     9.44e-08     .0000183      1.54116
              Brazil      3538.494          .95     9.75e-11     3.44e-07     1.774034
            Botswana      2717.025            1     1.23e-08     .0000271     2.068361
             Bolivia      929.7963            1     3.58e-08      .000033     .9341965
             Belarus      1219.093           .6                               1.641334
          Bangladesh      289.3903          .65     2.94e-08     7.98e-06     .8521771
             Bahrain      10851.42            0     5.16e-10     5.53e-06             
          Azerbaijan      784.2749           .4     2.19e-08     .0000133             
             Armenia      594.8647           .9     7.14e-08     .0000403     1.210326
           Argentina      6934.738            1     1.56e-10     1.09e-06     1.817193
             Algeria      1816.059            0     1.43e-09     2.57e-06     1.430711
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            Zimbabwe      604.5765          .15     1.49e-08     9.04e-06      1.28862
              Zambia      348.7018          .65     1.15e-07     .0000383     1.366288
               Yemen      484.6299           .3     2.00e-08     .0000122     1.460926
             Vietnam       298.514            0     1.28e-08     4.34e-06             
           Venezuela      4924.516            1     7.33e-11     3.54e-07     1.487722
             Uruguay      5452.082          .95     4.19e-10     2.25e-06     1.536148
United Arab Emirates         24077            0     3.84e-11     9.79e-07     1.963742
             Ukraine      931.9698            1                               1.828316
              Uganda      198.2161          .05     1.04e-07     .0000197      1.13695
              Turkey      3472.781            1     3.79e-10     1.34e-06     1.309862
             Tunisia      1700.064            0     8.17e-09     .0000139     1.898433
   Trinidad & Tobago      5563.097            1     1.71e-09     8.53e-06     1.968389
                Togo      255.6777            0     7.30e-08     .0000193     .9950033
            Thailand      3290.235          .95     9.59e-10     2.61e-06     1.949288
            Tanzania      263.1885           .2     5.53e-08     .0000142             
               Syria      532.5496            0     4.37e-09     2.27e-06       1.2091
               Sudan      316.0038          .15     4.16e-08     .0000118     .6274182
           Sri Lanka      313.7842            1     2.55e-08     7.50e-06     1.624376
        South Africa      3088.067           .9     1.08e-09     3.27e-06     2.012196
            Slovenia      8754.697            1     3.95e-09     .0000366      2.65573
           Singapore       17290.8            0     5.47e-11     7.22e-07             
        Sierra Leone      212.8899          .15     1.20e-07     .0000236             
             Senegal       443.676           .2     6.39e-08     .0000284     1.377543
               Qatar                          0                  2.53e-06             
         Philippines      921.5164          .85     1.92e-09     1.75e-06     1.227474
                Peru      1974.254           .9     1.29e-09     2.53e-06     1.054426
            Paraguay      1386.417          .75     4.01e-09     5.57e-06     1.070044
    Papua New Guinea      666.9385            1     2.00e-08      .000013     1.996102
              Panama      3468.971          .75     7.38e-10     2.41e-06      1.14213
            Pakistan      486.0771          .55     1.46e-08     6.90e-06      1.03514
                Oman      7597.145            0     3.20e-10     2.27e-06     1.975038
             Nigeria      358.0599          .25     2.91e-09     1.06e-06             
           Nicaragua      744.5935           .7     5.46e-08       .00004     1.073298
             Namibia      1751.041            1     1.79e-08      .000031     2.526974
             Myanmar                          0                  2.14e-06             
             Morocco      1235.114            0     5.77e-09     7.24e-06     1.821694
            Mongolia      466.1763           .7     5.48e-08     .0000242             
              Mexico      5237.651           .8     5.58e-11     2.94e-07     1.849994
                Mali      226.0282           .6     1.19e-07     .0000263     .4954835
            Malaysia       3058.58            1     2.95e-10     7.41e-07     2.296094
              Malawi      140.6572           .5     2.10e-07     .0000293     1.244501
             Liberia       254.903           .3     2.22e-07     .0000278             
             Lebanon       4080.84            0     5.89e-09     .0000223      1.81491
              Kuwait       16011.9            0     6.56e-11     1.29e-06     2.001982
               Kenya      418.5943           .1     2.82e-08      .000012     1.818444
           Kazakstan      1277.624          .35     1.53e-09     1.77e-06     2.016615
              Jordan      1800.009            0     1.92e-08      .000033     1.805811
             Jamaica      2889.925            1     4.96e-09     .0000142             
              Israel      16261.46            1     1.09e-10     1.69e-06     2.653183
                Iran       1448.69          .35     5.30e-10     7.44e-07     1.797648
           Indonesia      700.5228          .25     1.27e-09     7.82e-07     1.071712
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               Haiti      534.7904           .3     2.62e-08     .0000135             
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            Ethiopia      123.9293          .45     9.15e-08     .0000112     1.081786
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            Botswana      2717.025            1     1.23e-08     .0000271     2.068361
             Bolivia      929.7963            1     3.58e-08      .000033     .9341965
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             Algeria      1816.059            0     1.43e-09     2.57e-06     1.430711
             Albania      1017.047           .7     4.31e-08     .0000419     1.416109
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. table Country, contents(mean gdppc mean dem mean aidP mean aidPC mean PFIQ )
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1  Introduction

1.1 The Real Exchange Rate: An Overview
Many economists emphasize the importance of the real exchange rate because it is a key 

indicator of a country’s competitiveness on world markets. In a general sense, a country’s 
real exchange rate plays an influential role in determining its level of exports. Just as an 
overvalued real exchange rate can reduce a country’s level of exports by making them more 
expensive in terms of foreign currency, the inverse is true for an undervalued exchange rate.

Discussions regarding the appropriate measure of the real exchange rate (RER) are 
surrounded by controversy. Classically, there are two ways of calculating the RER: (1) the 
simple real exchange rate (RERS), which measures the nominal exchange rate (the rate at 
which one country’s currency trades for another country’s currency) adjusted for changes in 
either GDP or CPI price deflators; and (2) the purchasing power parity (PPP) exchange rate 
(RERPPP), the RER which equates the prices of bundles of tradable goods across countries.

The RERS and the RERPPP both reflect the purchasing power of a currency in terms of 
goods. The former takes into account the economy’s overall price level (the price level of 
tradable and non-tradable goods) and the latter takes into account the price level of traded 
goods only. Of these two measures, the RERPPP is seen as the more appropriate measure 
in terms of a country’s competitiveness because international arbitrage does not exist in 
non-traded goods sectors. Because of the difference in how the RERS and the RERPPP are 
calculated, these two measures frequently diverge over time. The Balassa-Samuelson 
Effect attempts to explain why the RERS and the RERPPP do not move together in the long 
run by noting the divergence between the price levels of tradable and non-tradable goods, 
influenced by productivity growth differentials between these two sectors.

Historically, productivity gains in the traded goods sector exceed those in the non-traded 
goods sector because of international competition. This induces wage increases in the 
traded goods sector, which equalize across the entire economy. Because productivity gains 
are lower in the non-traded goods sector, the relative price of non-traded goods increases 
faster than that for traded goods, meaning that changes in an economy-wide measure of 
prices such as the GDP or CPI price deflators will overstate changes in the prices of tradable 
goods alone. 
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1.2 Purchasing Power Parity versus the NATREX Model1

Which of the RERS and the RERPPP, then, is the best measure of the real exchange rate? 
Perhaps neither. The commonality between these two measures is that they assume that 
the RER is based only on the current account (i.e., the flow of goods, services and net 
factor incomes) between countries and that in the long run the current account is zero. The 
long-run exchange rate, or equilibrium exchange rate, that emerges is thus assumed to be 
unchanging. That is, the equilibrium exchange rate is determined by purchasing power 
parity alone and ignores the effect of real disturbances in both the current and long-term 
capital accounts.

However, the long-run real exchange rate is also based on capital flows, because the 
capital account does not always balance, even in the long run. Indeed, it has been shown 
by various authors2 that although PPP serves as a common benchmark for the relative 
values of currencies, it is a poor measure of equilibrium exchange rates in the presence of 
numerous fundamental disturbances to both the current and long-term capital accounts.

In response to this observation, new macroeconomic approaches to better describe an 
equilibrium real exchange rate (ERER) have emerged. These include the FEER (fundamental 
equilibrium real exchange rate) model, the BEER (behavioral equilibrium exchange rate) 
model, and the NATREX model. The NATREX has been favored by most economists 
because it is based on a solid theoretical macroeconomic framework, whereas the other two 
models are more experimental in nature. The NATREX approach, which takes its name from 
the NATural Real EXchange rate, refers to a medium-run, inter-cyclical equilibrium real 
exchange rate which is determined by changes in several exogenous and endogenous real 
fundamentals. Unlike the stationary and predictable equilibrium real exchange rate defined 
by PPP (under PPP, the RER always returns to the constant PPP level), the NATREX is a 
moving ERER. On a theoretical level, the NATREX is on a trajectory towards a long-run 
steady state. Thrift, technological progress, capital intensity (i.e., the amount of capital per 
labor input), and net debt to foreigners are crucial to the model as they influence desired 
long-term capital flows and debt repayment which in turn influence the level of the ERER.3

Unlike the mean value of PPP, which should be a constant, the NATREX model is subject 
to changes in its fundamentals. Because it is affected by these exogenous influences, it does 
not return to a constant mean and is thus non-stationary in econometric terms. Every new 
fundamental disturbance affects the trajectory of both the long-run equilibrium and the 
medium-run NATREX.

1.3 The Equilibrium Real Exchange Rate Defined
An ERER is defined as the RER consistent with a country’s internal and external 

balance. A country’s economy is in internal balance when output is at full capacity and in 

1 The following analysis draws heavily on the works of Stein (1999) and Duval (2002). Lucid expla-
nation draws on Reynolds Allen (1995).  
2 See for example Duval (2001), Stein (1995, 1999, 2001), Lim and Stein (1995) and Crouchy-Veyrac 
and Saint Marc (1995).
3 This definition applies to large and medium-size countries. For small countries the terms of trade 
and the world real interest rate also influence the long run level of the ERER.
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external balance when speculative capital flows and changes in official reserves are zero. 
The equation that describes this condition (and also describes the medium-run position of 
the NATREX model) is: 

I – S = CA(ERER),
where CA represents the current account, I represents investment and S represents saving. 
In this equation, all variables are evaluated when current GDP is equal to potential GDP 
(i.e., when there is full employment) and when speculative capital flows and changes in 
official reserves are equal to zero, implying that the exchange rate is sustainable in the long 
run. Therefore, I – S is the net equilibrium (or structural) capital inflow.

The two exogenous variables of the model (thrift and technological progress) set the 
equilibrium levels of investment and saving. The difference between investment and saving, 
by definition, is equal to net equilibrium capital inflow. The RER then spontaneously adjusts 
to produce a current account deficit (surplus) equal to the net capital inflow (outflow) ex 
post. Since the RER is consistent with both internal and external balance, it is an equilibrium 
RER, or an ERER. Again, this theory departs from PPP in that it assumes that long-run price 
elasticities of trade flows can be finite (instead of infinite due to arbitrage, as PPP suggests). 
In other words, the price of traded goods does not necessarily equalize across countries, as 
the law of one price implies. The ERER is the product of an interaction between trade and 
capital flows.

1.4 An Overview: The Trajectory of the NATREX Model
Empirically, the RER is represented at three different stages for all NATREX models:4

1. The actual disequilibrium rate: RERt = RERt (Z, A, C), 
2. The equilibrium rate (NATREXEQ): RER = RER (Z, A), and 
3. The steady-state rate (NATREXSS): RER* = RER* (Z), 

where Z is a vector representing the exogenous fundamentals, A represents stocks of net 
real assets, and C represents short-run cyclical and speculative factors. The equilibrium 
real exchange rate is empirically estimated on the trajectory between RER and RER*, 
as a function of the exogenous fundamental factors and their lagged values, Z. The only 
observable real exchange rate, however, is RERt.

Estimates of the NATREX model seek to answer two questions. (1) Does the quarterly 
actual real exchange rate, RERt, converge to the moving NATREXEQ RER? And, (2) can 
the NATREXEQ RER be explained by the real long-run fundamentals as it converges to its 
steady state NATREXSS RER*?

1.5 Can the NATREX Model be Uniformly Applied to Multiple Countries?
Although the basic structure and the general theory behind all NATREX models remains 

the same, studies to date have primarily estimated the NATREX model on an individual 
country basis. All these studies focus on: (1) the trajectory of the ERER from the medium 
to the long run, (2) changes in investment, saving, and long-term net capital flows, and (3) 
the resulting changes in stocks of real physical capital, wealth, and net debt to foreigners. 
However, there has been no uniform data construction process to generalize the model. 
4 Reynolds Allen (1995), p. 9.
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Additionally, although all applications of the model rely upon a single co-integrating 
relationship between the long-run steady state real exchange rate (NATREXSS) and its long-
run fundamentals, the specific econometric methods used to test the model have varied on 
a country-to-country basis.

From the main studies that have been carried out thus far, two common findings have 
emerged: (1) the trends in the real exchange rates can be explained by the fundamentals of 
technological progress, by thrift, and, for small countries, by the exogenous terms of trade 
and the world real interest rate; and (2) the actual real exchange rate, RERt, adjusts in the 
medium run to a moving equilibrium real exchange rate, the NATREXEQ, and in the long 
run to the NATREXSS.

Given these affirmations, this paper addresses several interrelated questions. As 
previously discussed, purchasing power parity defines a world in which a country’s current 
account must always balance. Its primary focus being competitiveness, PPP theory attests 
that if a country’s exchange rate is not one that will balance its current account – i.e., 
if it is not a PPP rate – then it is misaligned. The NATREX model, on the other hand, 
provides an alternate explanation: in addition to being based on the current account, the 
real exchange rate is also based on the capital account which need not always balance in the 
long run. Therefore, in that case, although the country’s real exchange rate is not one that 
will balance its current account, it is not necessarily “misaligned,” but rather is on a path 
towards its long-run steady state.

Assuming that the ultimate movements in the real exchange rate are explained by the 
long-run fundamentals of thrift and technological progress, one quickly realizes that 
any attempt to forecast the real exchange rate is a false hope. The NATREX’s long-run 
fundamentals are highly susceptible to unexpected changes, and it is therefore impossible 
to determine the real exchange rate’s future value. More appropriate and feasible, however, 
is to predict the value toward which the real exchange rate is currently adjusting, and if 
indeed it is on a path of convergence to the current equilibrium rate. Consequently, the 
NATREX model is valuable in that it provides a solid explanation for the current trajectory 
of the real exchange rate.

Given this knowledge, it would be useful to define a common methodology to measure 
the NATREX ERER across a large number of countries. Such a model could inform 
macroeconomic policy makers of the rate of adjustment of the current real exchange rate 
towards its equilibrium value. In this context, is there a consistent way of measuring the 
equilibrium real exchange rate that yields significant results across a large number of 
countries? If not, does the problem stem from measurement techniques or rather the model 
itself?

2 Theoretical Model: An Introduction

The NATREX model is a theoretical framework that describes the fundamental 
determinants of the evolution of a bilateral real exchange rate. Instead of considering the 
short run, the NATREX model takes for its starting point the medium run and looks at how 
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the real exchange rate reaches its steady state equilibrium level in the long run. The short-
run movements necessary to achieve a medium-run position are thus implicit to the model. 
The underlying structural equations of the NATREX model explain both the medium- and 
long-run movements in the real exchange rate, the current account, capital intensity and 
foreign debt intensity. The ERER must be consistent with a country’s internal and external 
balance.

Whereas in the long run, NATREX is characterized by an equilibrium level of foreign 
debt and capital intensity, this is not necessarily the case in the medium run. As such, the 
NATREX model is a concept of a moving equilibrium exchange rate in that the medium-run 
ERER converges towards the long-run ERER as capital intensity and foreign debt intensity 
move toward their steady state values, which are determined by the real fundamentals 
described below.

2.1 Underlying Structural Equations of the NATREX Model
The equations below describe the NATREX model for a medium-size economy. Except 

for the real exchange rate and the long-run real interest rate, the exogenous and endogenous 
variables in the NATREX model are measured per unit of effective labor (i.e., productive 
efforts rather than time spent). Thus the model is scaled for economic growth. The changes 
necessary to adapt the NATREX model to a small country are described in detail in section 
2.5.

The exogenous variables that affect the NATREX are: (1) time preference, denoted 
c (i.e., the nation’s consumption rate), which is a proxy for thrift; and (2) technological 
progress, denoted a. These exogenous variables are the fundamentals that affect the saving, 
investment and current account functions in the two countries in question. In addition, (3) 
the differential between the long-term real domestic and foreign interest rate, r and r*, 
respectively, affects the NATREX model in the medium-run. In the long-run, r is assumed 
to converge to r*.

The endogenous variables in the NATREX model are: (1) the real exchange rate, q; 
(2) potential GDP, Y; (3) potential GNP, y; (4) social (the sum of private and public) 
consumption, C; (5) social saving, S; (6) investment, I; (7) the trade balance, TB; (8) the 
current account, CA; (9) foreign debt intensity, f (f < 0 for net creditors, f > 0 for net 
debtors); (10) capital intensity, k; and (11) the Keynes-Tobin q-ratio, qTobin.

The key equations of the model (each explained in detail in the following sub-sections) 
are as follows. All variables except for the real exchange rate and the real interest rate are 
measured per unit of effective labor, which means they are scaled for growth:

1.  
2.  
3. 
4. 
5. 
6.  
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7.            The investment function, which can be divided into three separate equations:
a. 
b. 
c. 

8. The current account (CA) function, which can be divided into three 
equations/identities:

d. 
e. 
f. 

In the long run, both the rate of capital accumulation, , and the rate of foreign 
debt accumulation  are zero whereas in the medium-run this is not necessarily the case.

2.1.1 The Real Interest Rate
For a medium-size country with perfect capital mobility, the domestic real interest 

rate converges to the world real interest rate (set by the United States). The equation that 
describes this situation is , where “*” denotes the United States.5

2.1.2 The Real Exchange Rate
The real exchange rate is defined as  where Q denotes the real exchange 

rate, e denotes the nominal exchange rate per unit of domestic currency and  is the 
ratio of domestic to foreign prices. 

2.1.3 Consumption
Consumption is one of the most important elements of the NATREX model as it 

relates directly to the savings equation and acts to stabilize external debt in the long run. 
Consumption is determined by wealth (as opposed to income). Social (private + public) 
consumption is defined as a country’s “time preference” – its decision of whether to consume 
now versus in the future. Time preference is one of the fundamentals to the NATREX 
model and is defined as a country’s marginal propensity to consume out of wealth. A higher 
time preference reflects a preference for more current consumption. Time preference is 
negatively related to foreign debt because as debt increases, national wealth decreases, 
reducing the nation’s consumption. 

The consumption variable also introduces a control mechanism that stabilizes the 
country’s long-term external debt. On a conceptual level, debt arises because an increase in 
consumption causes a decrease in savings and a subsequent increase in debt accumulation 
for any level of investment. However, in the NATREX model, an increase in debt will be 
attenuated: because consumption is based upon wealth, an increase in debt will reduce 
wealth and either decrease private consumption (and increase savings) or induce the 
government to reduce consumption in order to prevent unmanageable levels of debt. These 
5 For a large country, both r and r* are endogenous as the country influences world real interest rates. 
For a small country, r is exogenous because small countries have no influence over their domestic interest 
rates.
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two concepts help ensure the long-run stability of the NATREX model. 
Time preference alone does not guarantee that the model moves toward stability. The 

model could move toward instability if, for example, the propensity to consume is less 
than the real interest rate. This is because a rise in foreign debt raises a country’s interest 
payments by the real interest rate. If a rise in debt does not reduce consumption by more 
than the increase in debt service, there will not be a large enough rise in social savings to 
permit the stabilization of the system. Eventually there will be a debt crisis. Therefore, the 
key stability condition of the model is that the effect of debt on consumption is greater than 
the real interest rate: .

2.1.4 Savings
The savings equation stems directly from that for consumption. Savings is equal to gross 

national product less consumption: . Defining GNP as , we can 
substitute this equation into the savings equation to get . An 
increase in interest rates will increase the amount of debt repayment, necessitating an 
increase in savings to keep the NATREX in equilibrium. The effect of debt on savings 
must therefore be greater than the effect of debt on repayment, i.e.,   must be >0 in 
equation 6.

2.1.5 Investment
Investment depends positively upon the Keynes-Tobin q-ratio, defined as the ratio of the 

market value of installed capital to the replacement cost of installed capital.6

Because the present value of installed capital depends on capital’s current and future 
expected profits, if the marginal product of capital rises, then that will raise capital’s market 
value and attract investment. A rise in the real exchange rate increases domestic costs 
relative to foreign costs, thus decreasing the profitability (and market value) of capital. 
A rise in the real interest rate reduces the present value of capital. Therefore, an increase 
in either of these two variables will cause the Keynes-Tobin q-ratio to fall. Likewise, an 
increase in a country’s capital intensity – an increase in the amount of capital relative 
to other factors of production (principally labor) – will diminish the marginal product of 
installed capital, implying decreased market values for capital and a fall in the Keynes-
Tobin q-ratio. Conversely, technological progress will cause the Keynes-Tobin q-ratio to 
rise since a rise in technological progress will increase capital productivity and therefore 
increase returns to investment. Investment determines the rate of capital accumulation. 
Although in the medium run  is not equal to zero, it is in the long run once it 
reaches its steady state value.

6 In the NATREX model, investment refers to net investment, which explains why the capital stock 
depends upon it.
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2.1.6 The Current Account
In the NATREX model, the current account (CA) adjusts to the net equilibrium (or 

structural) capital outflow (S-I). This is a balance of payments identity when speculative 
capital flows and changes in official reserves are zero, as assumed in the medium and long 
run. The trade balance (TB) is related positively to technological progress and negatively 
to the real exchange rate. The former relationship reflects the assumption that an increase 
in technological progress improves the quality and (or) variety of goods produced at home, 
which also tends to improve the TB for a given exchange rate (Duval, 2002). Conversely, 
a rise in the real exchange rate raises the price of a country’s tradable goods on world 
markets which tends to increase imports and deteriorate the TB. The capital account and 
current account are equalized through the movement of the real exchange rate: it adjusts 
to produce a current account surplus (deficit) equal to the net equilibrium capital outflow 
(inflow) ex post. Equation (8) describes this equilibrium condition. In the long run, foreign 
debt will reach its steady state value and the rate of foreign debt accumulation will be equal 
to zero. The current account will thus balance.

2.1.7 A Review of the Structural Equations and Long-Run Equilibrium Condition
The exogenous variables of the NATREX model (time preference and technological 

progress) set the equilibrium levels of saving and investment. The difference between 
these two variables, by definition, is equal to the net equilibrium capital outflow. The real 
exchange rate then spontaneously adjusts to produce a current account surplus (deficit) 
equal to the net capital outflow (inflow) ex post. Since the real exchange rate is consistent 
with both internal and external balance, it is an ERER (Duval 2002). The ERER is therefore 
the product of an interaction between trade and capital flows. 

In the long-run, capital intensity and foreign debt accumulation must necessarily reach 
their steady state levels:  and . The two mechanisms that perturb 
this long-run equilibrium are changes in the exogenous variables technological progress 
and time preference. The two control variables – the rate of capital accumulation and the 
rate of debt accumulation – respond to changes in the exogenous variables to ensure that 
the ERER reaches its long-run steady state level, as will be discussed in sections 2.3 and 
2.4.

2.2 The NATREX Approach: A Family of Models
Instead of acting as one single model, the NATREX approach has been treated as a 

“family of models” as it differs depending on the type of country under consideration. 
Specifically, there are three distinct members in the family of NATREX models that differ 
in their use of exogenous fundamentals. They include: (1) large countries (i.e. the United 
States) that influence both world terms of trade and the world real interest rate; (2) medium-
size countries such as France, Germany and Japan, which are large enough to influence 
their terms of trade yet have no real effect on the world interest rate; and (3) small countries 
such as Belgium, Portugal, or Italy that influence neither their own terms of trade nor the 
world interest rate.
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In all variations of the NATREX model, the two main exogenous fundamentals influencing 
the real exchange rate are: (1) time preference and (2) technological progress. However, the 
use of other exogenous fundamentals may be applied to describe the movements in the long-
run equilibrium real exchange rate depending on the size of the country in question. In the 
medium country case, authors have typically added an interest rate differential variable to 
the model that serves as a medium-run variable, accounting for medium-run adjustments of 
the NATREX model. In the small country case, variables for both changes in the country’s 
terms of trade and the world real interest rate have been added as long-run fundamentals.7

2.3 The NATREX Model in the Medium Run
Figure 1 explains the dynamics of the NATREX model in the medium run. The SI curve 

relates savings minus investment to GDP and the CA curve relates the current account to 
GDP. The SI curve is positively sloped because as output increases, savings increases by 
more than investment, as we see from equation (6). The CA curve is downward sloping 
because an increase in output raises imports more than exports for any given real exchange 
rate. This is because an increase in output will increase imports. Included in both the SI and 
the CA curves are the control variables capital intensity and foreign debt intensity. The other 
variable affecting the CA curve is the real exchange rate. A depreciation (appreciation) of 
the RER shifts the current account curve upward (downward), as exports rise (fall) relative 
to imports for any given Y. The other variable affecting the SI curve is the real interest rate, 
r, as an increase (decrease) in r discourages (encourages) investment and shifts the SI curve 
upward (downward).

Figure 1:  Medium-Run NATREX8
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7 Here, the world real interest rate is typically defined as the real interest rate of the United States. The 
use of this variable and the terms of trade variable will be discussed further in section 2.5.
8 Figures 1 and 2 are adopted from Stein (1999).



TESTING THE NATREX MODEL60

Two situations are described below to illustrate how the NATREX model comes into 
internal balance when starting from a position of disequilibrium (C). At this point, GDP 
is less than its potential value and the current account is in deficit. A first possibility is for 
the real exchange rate to depreciate to RER2, shifting the current account curve upward to 
CA(RER2 r1).

9 Equilibrium would shift from point C to point A, bringing the economy into 
internal balance. Another possibility is for the real exchange rate to remain at RER1, but 
for the real interest rate to decrease to r2 as a result of the capital inflow. In this situation 
the economy is again brought into internal balance as a decrease in the real interest rate 
increases investment, shifting the SI curve downward to SI(r2, RER1). Equilibrium shifts 
from point C to point B.

The difference between these two scenarios is that point A corresponds to a current 
account surplus (and capital outflow) and point B corresponds to a current account deficit 
(and capital inflow), and thus the evolution to a new long-run equilibrium will be different.

2.4 The NATREX Model in the Long Run
Figure 2 explains the evolution from the medium- to the long-run NATREX, and maps 

out the long-run movements of the real exchange rate and current account. We can describe 
the evolution of the medium-run to long-run NATREX through the use of three different 
exogenous variables: (1) time preference; (2) technological progress; and (3) medium-run 
real interest rate movements. Empirical results suggest that time preference has a larger 
effect on the evolution of the real exchange rate than do the other two variables (Duval, 
2001).

In Figure 2, the vertical axis measures the real exchange rate where a movement upward 
represents an appreciation and a movement downward represents a depreciation, and the 
horizontal axis measures savings minus investment and the current account. The SI curve is 
upward sloping because an appreciation of the real exchange rate raises domestic costs and 
prices relative to world prices and therefore decreases expected profits from investments. 
The decreasing Keynes-Tobin q-ratio implies decreasing investment. The current account 
curve (CA) is downward sloping because an appreciation of the real exchange rate has a 
negative effect on the trade balance and current account. As explained by the structural 
equations in section 2, the negative of the current account is the rate of change of foreign 
debt intensity (df/dt). In this figure, all SI and CA curves are evaluated at internal balance 
where Y = Y*.

2.4.1 Time Preference10

Let us see how an increase in time preference will move us from this steady state 
equilibrium to a new one. A rise in time preference, ct, will decrease social savings relative 
to investment, shifting the SI curve from SI1 to SI2. At the initial real exchange rate, RER1, 
the current account (CA1) exceeds ex-ante savings minus investment (SI2) by 0C. In order 
to maintain equilibrium, the real exchange rate must appreciate to bring savings minus 
9 A depreciation of the real exchange rate would also increase the Keynes-Tobin q-ratio, thus increas-
ing investment. This would be reflected as a downward shift of the SI curve, which is not shown in this figure.
10 The following discussion draws heavily on Stein (1995, 1999) and Duval (2001).
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investment back into alignment with the current account at the intersection of SI2 and CA1.
If all of the increased demand from the increase in time preference were directed only 

towards domestic products, the CA curve would be unaffected. If, however, some of the 
increased demand were directed towards foreign goods, the CA curve would shift slightly 
downward (represented here by the dashed line CA2) indicating a rise in imports equal to 
the fraction 0A/0C at RER1. For simplicity, we will assume that all increased expenditure is 
directed towards the domestic market, and we will thus “ignore” CA2 while acknowledging 
that such a shift is likely to occur. The increase in time preference increases domestic interest 
rates. The resulting capital inflow (0C) appreciates the real exchange rate to RER2, which 
restores internal and external balance. This point becomes the new medium-run equilibrium.11

 Investment falls and the current account deteriorates.
The evolution from the medium-run NATREX to the long-run NATREX can be explained 

by the progression of foreign debt intensity and the progression of capital intensity. When 
the exchange rate appreciates from RER1 to RER2, investment decreases by BC, and the 
current account deficit increases to 0B. The appreciation of the real exchange rate and the 
rise in the real interest rate lower the Keynes-Tobin q-ratio. The appreciation of the real 
exchange rate makes imports more expensive, reducing the country’s competitiveness and 
sending the current account into deficit.

The move from the new medium-run real exchange rate (RER2) to the long-run NATREXss 
involves a subsequent depreciation of the real exchange rate through both a downward shift 
of the CA1 curve (to CA3) and a downward shift of the SI2 curve (to SI3). Starting with the 
former, the current account deficit (0B) increases foreign debt, raising interest payments to 
foreigners and shifting the CA1 curve towards CA3. Therefore, the decrease in the CA curve 
– resulting from the growth in foreign debt – depreciates the real exchange rate steadily as 
it shifts along the SI2 curve.

If the SI2 curve remained in its same position and did not shift downward, this would lead 
to a dynamically unstable situation. This is because foreign debt would be steadily rising 
as the real exchange rate would be steadily decreasing. Such a situation is not permitted 
in the NATREX model because of the stability condition discussed earlier: an increase 
in debt (which reduces wealth) must decrease social consumption more than the rise in 
interest payments. Given this, the SI2 curve will shift downward to the right (SI3) and a new 
long-run equilibrium real exchange rate (RER3) will occur where the SI3 curve and the CA3 
curve intersect. In the long run, there is a higher level of steady state debt intensity and a 
lower level of steady state capital intensity because investment was crowded out during 
the adjustment. To move to a new equilibrium position in response to an increase in time 
preference, the real exchange rate follows the trajectory NATREXSS (RER1)   > NATREXEQ 
(RER2)   > NATREXSS’ (RER3), as indicated by the arrows in Figure 2.

The starting point of this model is at the intersection of SI1 and CA1. Foreign debt 
intensity and capital intensity are in their steady state equilibria ( , 
) and .

11 Again, if some of the increased demand were directed towards foreign goods, the real exchange rate 
would appreciate to where the CA2 curve and the SI2 curve intersect.
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Figure 2: Long-Run NATREX

2.4.2 Technological Progress
The long-run effect of technological progress on the real exchange rate is ambiguous. As 

a starting point, assume that there is an increase in a country’s technological progress. This 
would cause (1) an increase in production (and thus increased output) and (2) capital stock 
accumulation caused by a rising Keynes-Tobin q-ratio as capital productivity and returns 
to investment are increased. The increase in capital accumulation would widen the gap 
between saving and investment, causing an increase in debt and an appreciation of the real 
exchange rate. Graphically, the ERER follows the same trajectory as the shift from RER1 
to RER2 in Figure 2.

The difference between the impact of technological progress and the impact of an increase 
in time preference for a medium-size country is seen when moving from the medium- to the 
long-run equilibrium position. Here, the capital inflow finances capital formation, which 
subsequently increases production and therefore savings. Simultaneously, investment is 
attenuated as the marginal product of capital falls as a result of the new capital formation. 
These two factors lead to a current account and savings surplus. In Figure 2 above, this 
would be represented as a shift from SI2 to SI3. 

Because the country is now able to pay off its debt, wealth increases, raising consumption 
levels and subsequently decreasing savings. In Figure 2, this would be represented by a 
shift of SI3 back towards SI1 (as savings comes equal to investment). 
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The ultimate effect of technological progress depends on the impact of technological 
progress on the current account. The NATREXSS would appreciate if the country were 
to become a net creditor through the improvement of the current account resulting from 
the decrease in foreign debt, an upward shift of the CA1 curve. On the other hand, the 
NATREXSS would depreciate if the effect of increased imports needed to support production 
overpowers the positive effect on the current account from a decrease in foreign debt, a 
downward shift of the CA1 curve towards CA3. In practice, empirical studies show that 
an increase in technological progress tends to appreciate the NATREXSS for medium-size 
countries (Duval, 2001) and depreciates the NATREXSS for small countries (Stein, 1995).

2.5 The Small Country Case
The above discussion of the effects of time preference and technological progress on the 

NATREX model holds for a small country. Yet, there are two additional variables that must 
be accounted for: the terms of trade and the world real interest rate.

2.5.1 Terms of Trade
A country’s terms of trade are defined as , where PX is the export 

good,  PM  is the import good, and e is the nominal exchange rate. The terms of trade 
are exogenous for small countries because they are assumed to be too small to have any 
influence on export and import markets to influence world prices.12

Imagine that there is an exogenous increase in export prices. In the medium run, this will 
lead to an improvement of the trade balance and a current account surplus, appreciating 
the real exchange rate: an upward shift of the CA1 curve. At this higher exchange rate, 
investment falls relative to saving because of a decrease in the Keynes-Tobin q-ratio.

In the long run, the fall in investment leads to a decrease in the capital stock and an 
increase in the marginal product of capital. The initial effect of the improvement of the 
terms of trade on investment is reversed. The rise in investment will bring savings and 
investment back into alignment with one another and further appreciate the long-run 
NATREXSS through an upward shift of the SI1 curve.

2.5.2 The World Real Interest Rate
In studies of the NATREX model for small countries, an exogenous variable depicting 

the world real interest rate as a long-run fundamental has often been included (the variable 
typically used is the US real interest rate). This is because small countries are seen as facing 
a fixed world interest rate, r*, in the medium and long run. It is important to note, however, 
that in the short run a differential does exist between long-term interest rates of the domestic 
and foreign country. Small countries face both a fixed world interest rate and finite supply 
of financial capital; the supply of financial capital is not infinitely elastic. Therefore, if the 
country has a demand for borrowing that exceeds what the world is willing to supply at 
12 One must be wary that this analysis may not hold for certain small countries. For example, if a small 
country (such as Colombia) is highly specialized in an export good (coffee) it may, indeed, influence its terms 
of trade for this product. Therefore, a small country should be defined in terms of their influence on world 
markets rather than their physical size.
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world interest rates, the domestic interest rate will rise. The new domestic interest rate will 
equal the world rate plus a premium, and r will not equal r*. As the domestic r becomes 
greater than r*, real investors are crowded out, lessening the required adjustment of the 
capital account to bring the NATREX back into equilibrium, as compared to a country 
borrowing only at the world interest rate.

However, in the medium to long run, this interest rate differential is no longer sustainable 
due to interest rate arbitrage, and r becomes equal to r*. Because the NATREX begins at a 
medium-run position, a variable representing an interest rate differential is not included for 
small countries in this analysis.

3 Empirical Analysis

As discussed above, the NATREX model relies upon a single cointegrating relationship 
between the real exchange rate and its long-run fundamentals to provide a moving ERER 
on a trajectory from the medium to the long run. The NATREX itself is typically estimated 
either through a vector error correction model (VECM), relying upon reduced form 
equations to explain the movement from the medium to the long run, through Ordinary 
Least Squares (OLS) regression or through Non-Linear Least Squares (NLS) regression. 
In this analysis, the NATREX was estimated both through a VECM and OLS regression. 
In the discussion that follows, Q signifies the real exchange rate, PREF signifies time 
preference, MFP signifies multi-factor productivity, TOT signifies terms of trade, r* 
signifies the world real interest rate and INTEREST signifies the long term real interest rate 
differential between the domestic country and the US.

Before conducting either the vector error correction estimation or the OLS procedure, 
three preliminary steps were necessary: (1) Augmented Dickey-Fuller (ADF) unit root tests 
were applied to test the stationarity of the variables used in the reduced form equations; (2) 
the Engle-Granger test for cointegration was used to test for the possibility of cointegrating 
relationships among the long-run fundamentals for all countries; and (3) the Johansen test 
was used to confirm a single cointegrating relationship between the real exchange rate and 
all long-run exogenous fundamentals for all countries. After (4) estimating a VECM, (5) 
the Stock and Watson methodology was applied to an OLS regression to compare results.

3.1 ADF Unit Root Test
The first step was to conduct ADF unit root tests on all variables to test for stationarity 

before proceeding with the econometric analysis of the NATREX model. Indeed, we fail to 
reject the null hypothesis of a unit root at the 5% significance level for all countries for the 
variables Q, MFP, PREF, TOT and r* (Q, MFP, and TOT always in logs), signifying that 
we cannot reject nonstationarity of the variables (Appendix 2). For medium countries, the 
null hypothesis of an ADF unit root test on INTEREST was rejected at the 5% significance  
level for France, Germany, and the United Kingdom.13 Therefore, we are 95% confident 
13 For Canada and Japan, we failed to reject the null hypothesis of a unit root at the 5% significance 
level. This result is contrary to what theory would suggest. Two other studies, one carried out by the European 
Central Bank (2000) and the other by Clostermann and Friedmann (1998) also failed to reject the null hy-
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that for these countries INTEREST is not I(1). This is consistent with economic theory, 
which tells us that real interest rates tend to equalize across countries in the long run, and 
that the differential tends toward a mean of zero.

One would expect PREF to be nonstationary because a country’s time preference is 
extremely susceptible to savings shocks. MFP is also expected to be nonstationary because 
in the model it is measured relative to the United States and because theory does not suggest 
that multi-factor productivity converges across countries. One would expect TOT to be 
nonstationary because there is no reason to believe that it converges to any single value 
over time. Because in the theoretical model the real exchange rate is determined by these 
nonstationary fundamentals, it is not surprising that it, too, is nonstationary. This result has 
been confirmed across many studies.14

To find each variable’s order of integration, an ADF unit root test was performed for 
each country on the first difference of Q, MFP, PREF and, for small countries, TOT and 
r* (Q, MFP and TOT in logs). For the first differences of each variable and each country, 
the null hypothesis of a unit root was rejected at the 5% significance level (Appendix 2). 
Because the first difference of each of these variables is I(0) and the levels of each variable 
are nonstationary, this indicates that each of the variables used in the model is I(1).

3.1.1 Lag Structure
A main challenge in completing the ADF test for a unit root is deciding upon the 

appropriate lag structure as ADF unit root tests are very sensitive to the number of lags 
used. Therefore, I followed the lag structure suggested by four different information 
criteria which help determine appropriate lag length in an autoregressive process: (1) 
Akaike information criterion (AIC); (2) Hannan and Quinn information criterion (HQIC); 
(3) Schwartz Bayesian information criterion (SBIC); and (4) Final Prediction Error (FPE) 
criterion. Econometric studies by Liew (2004) have shown that HQIC is the most accurate of 
these criteria when selecting lag length for a time series with over 120 observations. When 
using sample sizes less than 120 observations, AIC and FPE criteria tend to more accurately 
predict lag length. SBIC has been tested to either accurately predict or underestimate lag 
length in small samples by Liew (2004). Studies by Hacker and Hatemi-J (2008) indicate 
that SBIC is the optimal criterion for choosing lag length in smaller sample sizes. In this 
analysis, all countries have 86 or fewer observations.

When choosing the appropriate lag length in this analysis, as a general rule, I followed 
the lag structure predicted by the majority of the information criteria. If two criteria 
predicted one lag structure and two criteria predicted another (i.e. if the results were split 
evenly), both lag structures were applied to see how and if the results differed. Often, the 
conclusions drawn using the different lag structures were the same.

pothesis of a unit root for the interest rate differential variable, leading them to conclude that this variable is 
I(1), as referred to by Stein (2001). The authors are puzzled as to why this would be, and note that the sample 
period is essential in determining stationarity of the variable. In this analysis, even if the long term interest 
rate differential tested to be I(1), it was included in the NATREX model as an exogenous I(0) variable to the 
cointegrating relationship based on theoretical grounds.
14 See for example Duval (2001, 2002), Stein (1995, 1999), and Crouhy-Veyrac and Saint Marc (1995).
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3.2 Cointegration
Given that in all cases, we failed to reject that long-run fundamentals of the real exchange 

rate were I(0), testing for cointegration was necessary to appropriately specify the model. If 
the variables representing the long-run fundamentals of the NATREX model were, in fact, 
cointegrated, resigning ourselves to using first differences would have implied discarding 
useful information that could be interpreted if we used level analysis. Second, it would 
have caused model misspecification because of the omission of a lagged level term.

To test for cointegration, the Engle-Granger test was carried out to verify the presence 
of cointegration among all variables. Second, the Johansen test (section 3.3.1) was used to 
reveal the number of cointegrating relationships present in the model.

3.2.1 The Engle-Granger Test
The Engle-Granger test is a two-step procedure that tests the residuals from an OLS 

regression for stationarity. To complete the test, the same lag structure that was decided 
upon for each variable from the ADF unit root tests was used in an OLS regression of the 
dependent variable on all independent variables and the residuals were calculated. For all 
countries, plots of the residuals of the complete OLS regression appeared to be stationary 
as the data points were evenly distributed around a constant mean value of zero. This result 
indicates that at least one cointegrating relationship is likely to exist among the variables.

To further test if the residual series were stationary, ADF unit root tests were performed 
using one, two and four lags, respectively. As expected, the null hypothesis of a unit root 
was rejected at the 1% significance level of each small country and each lag structure. 
For medium-size countries, the null hypothesis of a unit root was also rejected at the 5% 
significance level for each country and each lag structure. This result indicates that we are 
99% and 95% confident that there is a linear, I(0) combination of the long-run fundamentals 
in the NARTEX model for small and medium-size countries, respectively (Appendix 3).

3.3 Vector Error Correction Model
Because the Engle-Granger test indicated a high likelihood of cointegration among all 

variables for all countries, a vector error correction model was applied to estimate the 
NATREX model. VECMs allow for the estimation of a system comprised of I(1) variables 
but for which there exists a linear, I(0) combination. Otherwise stated, VECMs model 
the stationary relationships between multiple time series that contain unit roots yet are 
cointegrated. The VECMs below apply the Johansen maximum likelihood methodology.

The form of the vector error correction model for a small country is
      i = {1, …, k-1} (9)

where  is a (5 X 1) vector comprised of , , , , and  (all I(1) 
variables),  and  are (5 X 5) parameter matrices and  is a (5 X 1) vector of normally 
distributed errors.  is partitioned into two separate (5 X r) parameter matrices,  and 
, such that . The cointegration rank, r, (discussed in section 3.3.1) is equal to the 
number of linearly independent combinations of the variables in the model.  is the error 
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correction matrix and  is a matrix of cointegrating vectors; each column represents a 
cointegrating vector.  is such that  is a (5 X 1) vector of I(0) variables. For illustration 
purposes below, we assume that r = 1 and i = 1.

In the NATREX model we are estimating (for a small country):

; ; ; ; 

; 

; and .

Substituting the matrix terms into equation (9), we get:
;

; where (β’Yt-1)  represents the cointegrating equation and  
is the adjustment parameter. Expanding,

Similarly to equation (9), the VECM estimated for a medium-size country is written as:
   (10)

where  is a (3 X 1) vector comprised of , , and ,  and  are (3 X 3) 
parameter matrices, and  is a (3 X 1) vector of normally distributed errors. INTEREST is 
an I(0) variable.15 It is not included in either the long-run cointegration equation or in the 
second term in brackets, as it is stationary and only supposed to affect the real exchange 
rate in the medium run (i.e., it is not a long-run fundamental to the NATREX model). It 
is included as a medium-run variable in the NATREX model for a medium-size country 
because the interest rate differential is assumed to influence both the Tobin-Keynes q-ratio 
and debt repayment in the medium run. This is different than the model for a small country, 
where the domestic real interest rate is fixed to the world real interest rate in the medium 
run, i.e., the differential is theoretically zero. , the parameter on INTEREST is a (3 X 1) 
15 We were unable to reject the null hypothesis of a unit root for INTEREST for Canada and Japan 
at the 5% significance level. Nonetheless, it is included as exogenous to the cointegrating equation because 
there is no theoretical reason that it should be I(1).
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vector of parameters. 
The VECMs for a small- and medium-size country are presented in Boxes 1 and 2, 

respectively:

Box 1: VECM for a Small Country

where c is a constant referring to the long-run cointegrating equation in parenthesis.   
falls out of the above equations as i = 1 in this example. The coefficient   is equal to one 
in all cases.

Box 2: VECM for a Medium Size Country

 

 

where c is a constant referring to the long run cointegrating equation and  is equal to one.

For both sets of countries, the first parenthesis represents the long-run cointegrating 
equation and specifically the difference between the lagged value of Qt and its steady state 
value. The term in brackets represents the variables in the medium run. The parameter  
is the error correction (or adjustment) term, and represents the rate at which each variable 
is expected to adjust back to its equilibrium position given the misalignment of Qt. The 
parameters  are on the long-run cointegrating variables.

3.3.1 The Johansen Test
The estimation of a VECM depends upon the number (or rank) of cointegrating 

relationships. To verify the presence of a single cointegrating relationship in the model, the 
Johansen test was applied. The Johansen test uses a full information maximum likelihood 
estimation procedure of a system that is characterized by exactly r cointegrating relations16 
16 Hamilton (1994), p. 633.
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and takes the form of equation (9). It postulates that if  is of rank r (0 < r < n),  can be 
separated into two separate (n X r) parameter matrices,  and , such that . The 
rank of the VECM is equal to the number of linearly independent combinations of the 
variables in the model. Here, we are interested in finding a single relationship between the 
variables Q, MFP, PREF and, for small countries, TOT and r*.17 Such a conclusion could 
be reached if these variables were weakly exogenous to the model.18

Johansen developed a test for the rank of  through the use of a trace statistic, which 
allows the researcher to determine the number of cointegrating relationships between 
the variables associated with . The null hypothesis is that there are no more than r 
cointegrating relationships. For any given value of r, large values of the trace statistic are 
evidence against the null hypothesis.19

For each country, the Johansen test was applied to determine the cointegrating rank. The 
information criteria previously described were first applied to determine the appropriate 
lag structure.20 For all small countries, a cointegration rank of one was verified at either the 
1% or 5% significance level. For all medium-size countries except Canada, a cointegration 
rank of one was also verified at either the 1% or 5% significance level21 (Appendix 4).

3.3.2 Estimating a VECM for a Medium-Size Country in STATA
Because STATA is not equipped to estimate a VECM and include an exogenous variable 

outside of the cointegrating equation simultaneously, the coefficient on INTEREST 
was estimated through a two-step procedure. First, a VECM was estimated using the 
cointegrating variables mentioned above. Using the coefficients from the VECM, both 
the cointegrating equation and the medium-run term were then predicted, creating two 
new variables. A constrained OLS regression of the real exchange rate on these two new 
variables plus the interest rate differential was then carried out to obtain the value of the 
parameter . In that regression, the coefficient on the cointegrating equation variable was 
constrained to equal the value of  and the coefficient on the second term was constrained 
to one.

3.4 Stock and Watson Methodology
In addition to estimating a VECM, the Stock and Watson (1993) methodology was 

17 The other relationships that are possible are those between any other combinations of two, three or 
four of the variables; for the medium country case, I was interested in a single relationship between the Q, 
MFP and PREF.
18 The concept of weak exogeneity is discussed in section 4.1.2.
19 StataCorp LP (2005), p. 408.
20 For Belgium, Canada and Germany, we failed to reject a cointegrating rank of zero when using the 
suggested lag length. This result contradicts both the Engle Granger test and what one would expect given 
previous analysis of the NATREX model. Therefore, the Johansen test was applied using a different lag struc-
ture than suggested by the information criteria in order to determine a cointegrating rank of 1.
21 This result for Canada is surprising, given the output of the Engle Granger test. It should be noted, 
however, that Canada’s trace statistic was equal to 29.60 versus a critical value of 29.68 at the 5% signifi-
cance level (Appendix 4).
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applied to estimate the NATREX model through OLS. As Stock and Watson explain, “in the 
I(1) case with a single cointegrating vector, one simply regresses one of the variables onto 
contemporaneous levels of the remaining variables, leads and lags of their first differences, 
and a constant”22 using ordinary least squares. The “dynamic OLS” estimators that result 
are asymptotically equivalent to the Johansen estimator. When completing this estimation 
process for small countries, the terms of trade variable was purposely omitted from the 
regression. Because of the way in which this variable was constructed (Appendix 1), there 
is high collinearity with the real exchange rate. Omitting this variable from the regression 
equation induces bias into our estimates, which is something that must be noted when 
drawing conclusions.

4 Results

As the output tables in the subsequent subsections show, although the estimation of 
the NATREX model using both a VECM and the Stock and Watson methodology yields 
results that one might expect per the theoretical framework of the model for some countries 
(especially the United Kingdom), this is not the case among all the countries tested.

4.1 Expected Signs
In the NATREX model, we are concerned with the signs of the parameters  and . 

The sign and value of , the coefficient on the error correction term, indicate the rate at 
which the actual disequilibrium rate, Rt, is adjusting towards the NATREXSS. The signs 
on the coefficients  indicate whether we would expect a ceteris paribus change in one 
of the NATREX fundamentals to lead to a long-run appreciation or depreciation of the 
NATREXSS.

4.1.1 Error Correction Term
In the structural equations of the NATREX model found in section 3.3, the adjustment 

term, , is preceded by a negative sign. If the lagged rate is higher than its long-run 
predicted value NATREXSS (i.e., if there is a negative difference between the equilibrium 
level of the real exchange rate and its lagged value), then negative difference times a 
negative adjustment parameter would work to bring the rate back into alignment with the 
equilibrium rate.

4.1.2 Weak Exogeneity
For the structural equations in Boxes 1 and 2 in section 3.3, one would expect the error 

correction term to be statistically significant only for the equation for the real exchange 
rate. This would imply that the long-run fundamentals are at least weakly exogenous to 
the NATREX model.23 Weak exogeneity among the long-run independent cointegrating 
variables would allow us to conclude that they are not explained by the current real 

22 Stock and Watson (1993), p. 784
23 In contrast to my results, Duval (2001) confirms this finding.
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exchange rate and that they are therefore truly exogenous to the model.24 However, if the 
error correction terms for the equations corresponding to any of the long-run fundamentals 
are statistically significant, we fail to conclude weak exogeneity. When this is the case, 
we are not sure of the direction in which the causality of the NATREX model runs (i.e. if 
the real exchange rate is truly the dependent variable or if the NATREX fundamentals are 
explained by the real exchange rate).

4.1.3 Long-Run Fundamentals
In the context of the theoretical model discussed in section 2.4.1, it is clear that an 

increase in time preference is expected to lead to a long-run depreciation of the NATREXSS.
25 

Therefore, we would expect the parameter , the parameter on PREF, to be negative in 
all cases. As discussed in section 2.4.2 the long-run impact of technological progress on 
the NATREXSS depends on the ultimate movement in the current account and it is not clear 
if technological progress would cause an appreciation or a deprecation of the NATREXSS. 
Therefore, the parameter , the parameter on MFP (proxy for technological progress), 
could be either negative or positive.

For the small country case, an improvement in the terms of trade will lead to a long-run 
appreciation of the NATREXSS. Econometric studies on Australia by Stein (1995) confirm 
this result.26 Therefore, we would expect the sign of the parameter , the parameter on 
TOT, to be positive. Concerning the world real interest rate, we would expect , the 
parameter on r*, to be negative. An increase in the world real interest rate would cause a 
depreciation of the equilibrium real exchange rate as a rising world interest rate implies 
higher debt payments to foreigners and a worsening current account.

4.2 Small Country Results
For small countries, both VECM and OLS estimation techniques yield empirical results 

that are different from what would be expected based on the theoretical NATREX model, 
as it is discussed above. Both the differences between the empirical estimates and the 
theoretical model and the differences between the results of the two estimation methods 
are discussed below.

4.2.1 Vector Error Correction Model – Error Correction Term
Out of the 10 small countries tested, the error correction term for the equation for the 

real exchange rate was only negative for Austria and Belgium and never significant at the 
5% significance level. Weak exogeneity could therefore not be concluded for any of the 
small countries, assuming that the real exchange rate should be the dependent variable in 
the VECM.27 For Austria, Denmark, and Italy, the error correction term for the equation for 
24 Kennedy (2008), p. 90.
25 Namely, in the long run an increase in time preference implies higher foreign debt and lower levels 
of both the current account and social consumption.
26 Stein’s terms of trade variable was constructed as a ratio of export to import price indices. All data 
were obtained from the Australian government directly.
27 For all small countries except Belgium, the error correction term for r* was significant at the 5% 
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MFP was positive and significant at the 5% significance level. For the equations for PREF, 
the error correction term was positive and significant at the 5% significance level for Spain 
and Belgium. This result is far from what we would expect, given the theoretical NATREX 
model. The error correction term for the equation for TOT was positive and significant 
at the 5% level for Italy.28 Additionally, the error correction term for the equation for the 
real exchange rate was positive and significant at the 10% level for Italy. This is opposite 
what we would expect as it implies that any adjustment of the real exchange rate would be 
moving away from the NATREXSS. Table 8 presents results of the estimates of the error 
correction terms for each small country.

4.2.2 Vector Error Correction Model – Long-Run Fundamentals
Concerning the coefficients , we observe that the coefficient on PREF is negative and 

significant at the 5% significance level for only two countries: Spain and Switzerland. This 
result is in line with what one would expect given the theoretical framework of the model 
described in section 2.4.1. It is positive and significant at at least the 10% significance level 
for Austria, Denmark, the Netherlands, and Portugal, a result that is opposite from what 
we would expect. For the remaining four countries, PREF is not statistically significant. 
This is surprising given that previous authors such as Duval (2001) and Stein (1999) have 
determined the variable representing a country’s thrift patterns to be the most important to 
the NATREX model.

The coefficient on MFP is negative and significant at the 5% significance level for five out 
of the ten countries: Austria, Denmark, Italy, the Netherlands, and Portugal. It is negative 
and significant at the 10% level for Spain. This result implies that for these countries, 
technological progress would depreciate the RER in the long run, ceteris paribus, because 
the effect of increased imports needed to support increased production would outweigh the 
positive effect on the current account from a decrease in foreign debt. The coefficient on 
MFP is positive and significant at the 5% significance level for Switzerland. This implies 
that technological progress would appreciate the real exchange rate as the country improves 
its foreign asset position. 

The coefficient on TOT is negative and significant at the 5% significance level for all 
countries except Finland, Spain, and Switzerland. For Finland it is positive and significant 
at the 5% level, and for Switzerland it is negative and significant at the 10% significance 
level). The negative coefficient is also unexpected given the discussion of the terms of 
trade in section 2.5.1. However, when considering the terms of trade variable, one must 
take into consideration how it was constructed. Indeed, it is not a ratio of export to import 
prices (which would be the most appropriate terms of trade measure), but rather is the real 
exchange rate for tradable goods, QT (Appendix 1). The decision to use QT as a proxy for 
the terms of trade was made (1) because there is no measure of import and export prices 

significance level. When none of the other adjustment parameters are statistically significant, this suggests 
that r* should be the dependent variable. Theoretically this makes no sense because the world interest rate is 
set exogenously by the United States. Therefore, this result is puzzling.
28 It was positive and significant at the 10% level for Australia and Finland and negative and significant 
at the 10% level for Belgium.
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publically available across countries and (2) because QT weighs a country’s exports more 
heavily than its imports as it is based on production rather than consumption. Because the 
empirical results do not support the theoretical model, this leads us to question whether the 
real exchange rate for tradables is truly an adequate proxy for a country’s terms of trade.

Lastly, the coefficient on r* was negative and significant at the 5% significance level for 
seven out of the ten countries,29 as expected. It was positive and significant at the 5% level 
for Italy and Spain, and positive and significant at the 10% level for Belgium.

4.2.3 Stock and Watson Methodology
The Stock and Watson OLS estimation method is different from the VECM technique 

in that it does not yield an adjustment parameter. Although, in practice, several authors 
apply this methodology,30 it seems to be less representative of the theoretical NATREX 
model. What the Stock and Watson methodology allows us to estimate is the value of the 
parameters on the long-run fundamentals affecting the NATREX model.

When applying this different methodology, the coefficient on PREF only tested to be 
negative and significant at the 5% significance level for the Netherlands. This contradicts 
the result yielded by the VECM procedure, for which the coefficient on PREF for the 
Netherlands was positive and significant at the 10% level. The coefficient on PREF tested 
to be positive and significant at the 5% level for Belgium, Finland, Portugal, and Spain and 
did not test to be statistically significant for the remaining countries. It is interesting to note 
that for certain countries for which PREF tested to be statistically significant using both a 
VECM and OLS regression (such as Spain, for example) the signs on the coefficient are 
opposite from one another. For other countries (such as Denmark) the coefficient on PREF 
is statistically significant depending on the estimation technique used. The conclusions 
drawn per the two estimation methods differ from one another per country and are 
sometimes contradictory.

The coefficient on MFP is negative and significant at the 5% significance level for five 
countries.31 In the OLS regression, the terms of trade variable was omitted because of 
collinearity with the real exchange rate. As mentioned above, this induces positive omitted 
variable bias32 into our estimates as the variable for TOT is expected to appreciate the 
NATREXSS. Lastly, the coefficient on r*, which tested to be significant for all but one 
country when estimating the VECM, only tests to be significant for six of the small countries 
at the 5% significance level.33 Of these countries, the coefficient on r* is only negative, as 

29 Australia, Austria, Denmark, Finland, the Netherlands, Portugal and Switzerland.
30 Duval (2001), Stein (1999) among others.
31 Australia, Austria, Belgium, Italy and the Netherlands. It is negative and significant at the 10% level 
for Switzerland.
32 Assuming the true population only has two explanatory variables and an error term, the bias can be 
shown by an equation with the true marginal effect of TOT on the real exchange rate and the slope estimate 
from a regression of TOT.  The coefficient on TOT is expected to appreciate the NATREXSS and should thus 
be positive.  The other should also be positive because there is a high likelihood of a positive correlation be-
tween TOT and PREF as changes in wealth, stemming from changes in the current account, would positively 
influence consumption behavior.
33 Australia, Belgium, Denmark, the Netherlands, Portugal, and Spain.
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theory would suggest, for Australia, Belgium, Portugal, and Spain (Table 8).

4.3 Medium Country Results 

4.3.1 Vector Error Correction Model – Error Correction Term
For only one out of the five medium countries tested (Germany) was the error correction 

term for the equation for the real exchange rate negative and significant at the 5% 
significance level. It was positive and significant at the 5% level for Canada. However, as 
was the case for the small countries, weak exogeneity could not be concluded for any of 
the medium-size countries. For Canada, the error correction term for the equation for MFP 
was negative and significant at the 5% significance level. It was positive and significant at 
the 5% level for France, Germany, and Japan. For the United Kingdom, the error correction 
term for the equation for PREF was positive and significant at the 5% significance level. 
Table 9 gives detailed results.

4.3.2 Vector Error Correction Model – Long-Run Fundamentals and INTEREST
Regarding the coefficients of the variables in the long-run cointegrating equation, the 

coefficient on PREF is negative and statistically significant at the 5% significance level for 
Canada, Japan and the United Kingdom. This result supports the theoretical predictions of 
the NATREX model. The coefficient on PREF is positive and statistically significant at the 
5% significance level for Germany. All the coefficients on MFP are statistically significant 
at the 5% significance level. They are positive for Canada and the United Kingdom 
(which confirms the findings of other authors testing the NATREX model for medium-size 
countries). The coefficient on MFP is negative for France, Germany, and Japan. Lastly, 
the coefficient on INTEREST, estimated outside of the cointegrating relationship and 
theoretically stationary, is not statistically significant at the 5% significance level for any 
countries.34

4.3.3 Stock and Watson Methodology
It is interesting to note that the regression results are quite different when applying the 

Stock and Watson methodology. For example, although the coefficient on PREF remains 
statistically significant at the 5% level for Canada, Japan, and the United Kingdom, the sign 
on this coefficient changes for both Canada and the United Kingdom. Similarly, although the 
coefficient on MFP remains significant at the 5% level for Japan and the United Kingdom, 
the sign of the coefficient on this variable is also opposite when applying the Stock and 
Watson methodology. These results make the empirical analysis of the long-run effect of 
the NATREX fundamentals on the equilibrium real exchange rate difficult to interpret.

When using the Stock and Watson methodology, the coefficient on INTEREST is 
significant at the 5% significance level for Canada, and is significant at the 10% significance 
level for Japan. Yet, it is only negative – as theory predicts –for Japan (Table 9). Despite 
these large differences, however, the Stock and Watson methodology proves to fit the 
34 The coefficient on INTEREST is positive and statistically significant at the 10% significance level 
for France, which is counter the theoretical NATREX model.
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equilibrium real exchange rate equation quite well: the R2 values are encouraging as they 
range from 0.758 to 0.896.

5 Conclusion

The NATREX model has emerged as a new macroeconomic approach to estimate the 
equilibrium value of the real exchange rate. In many ways, it is a response to studies that 
show (1) that the real exchange rate is nonstationary and (2) that purchasing power parity 
does not hold in the very long run. Previous tests of the NATREX model, mostly for medium-
size countries or country groups, have shown that the NATREX model seems to explain the 
long-run fluctuations in the real exchange rate. Although the theoretical structure behind 
the model for all different members of the NATREX family is consistent, the methodology 
used in each respective study varies per the country or group being tested.35 In this sense, 
the data used in past NATREX studies have been tailored to fit the particular country pair 
in question.

It would be helpful to be able to generalize the NATREX model across several countries 
to allow statistics bureaus to provide a new indicator for the equilibrium value of bilateral 
quarterly real exchange rates. Such an indicator is not currently published or available to 
the public. It could be utilized in economic analysis by several organizations. For example, 
if we accept that purchasing power parity does not hold in the very long run and that 
the real exchange rate is both nonstationary and determined by the fundamentals of the 
NATREX model, we could determine through analyzing the various predictions of ERERs 
if a country’s current disequilibrium rate is adjusting towards or away from its equilibrium 
NATREXSS value. Such knowledge could both inform and influence policy decisions.

Yet, as the results of the NATREX model tested here illustrate, two issues arise when 
generalizing the NATREX model to estimate it for a large number of countries. First, we 
observe that different econometric estimation methods yield results that are sometimes 
contradictory for the coefficients on the long-run fundamentals. Sometimes these estimates 
coincide with the theoretical framework of the NATREX model; often they are the opposite 
of what we would expect. Second, we fail to reject weak exogeneity in all fifteen country 
cases when using a vector error correction model. For the reasons explained in section 
4.1.2, when this happens we cannot conclude that the fundamentals are exogenous to the 
model. Instead, it is possible that the real exchange rate is, in fact, not determined by the 
cointegrating variables but that the causality might run in a different direction. Therefore, 
the most we can say is that the NATREX model is predictive but not explanatory.

This indicates that the estimation process of the NATREX model for several countries 
using consistent data construction techniques is not, at present, adequate. Several reasons 
might explain this finding. First, for small countries, there seems not to be a satisfactory 
terms of trade variable available on a broad scale. An example would be a general exports 
and imports price index that is published consistently across countries. Second, both the 
series and period used in our estimation are highly limited by data availability. As discussed 
35 An example of this is the study by Stein (1995) for Australia where the data used to construct the 
terms of trade variable were obtained from the government directly.
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in Appendix 1, the quarterly price index of traded versus non-traded goods sector was 
constructed based on the assumption that quarterly changes in traded and non-traded goods 
prices follow the same infra-annual pattern as quarterly changes in total economy prices. 
This decision was made because quarterly value-added data are not disaggregated, and 
thus not available, for most countries. Additionally, the sample period and sample countries 
used in this analysis were based on the availability of multi-factor productivity data. As is 
shown in Appendix 1, Table A7, although MFP series begin in 1985 for most countries, this 
is not the case universally. When MFP data were not available, labor productivity series 
were used as a proxy (Appendix 1, A1.62). One might question if this is appropriate and if 
this measure truly represents technological progress.

These examples show that there is much room for improvement. In terms of better 
estimating the NATREX model across several countries, an important first step would be to 
look into ways of gathering and fine-tuning data to the requirements of the NATREX model 
as a whole. One might also question the model itself as tested by previous authors and ask 
which long-run fundamentals truly belong in the model. For instance, in the NATREX 
model for medium-size countries, the I(0) interest rate differential is included as a medium-
run variable and estimated outside of the cointegrating relationship. Yet, there is no variable 
representing the effect of the long-run world real interest rate on the NATREXSS. Perhaps it 
would be appropriate to add a variable for r* to the cointegrating equation for medium-size 
countries as it is exogenous in the very long run. It is curious that a variable for r* exists in 
the cointegrating equation for small countries but not for medium countries.

Lastly, one cannot conclude this analysis without considering the importance and 
implications of the NATREX model for the countries in the euro area.36 The estimates of 
the NATREX model in the results section pertaining to small countries (4.2) were puzzling. 
Out of the seven small Euro area countries tested, the error correction term for the equation 
for the real exchange rate was negative and significant for only one country (Belgium). 
It was positive and statistically significant for Italy, which, for the reasons explained in 
section 4.1.2, is surprising. Additionally, for both of these countries, we could not conclude 
weak exogeneity.

Three interrelated questions arise. (1) Why are the error correction terms on the equations 
for the long-run fundamentals testing to be statistically significant in addition to that on the 
equation for the real exchange rate? (2) Is the NATREXSS truly determined by the long-run 
fundamentals or does the causality run in a different direction? (3) In particular, is there 
reason to believe that the long-run fundamentals (besides the world real interest rate) are 
determined by the real exchange rate?37

The answer to these questions might possibly be explained by the common euro 
currency. Since the NATREX rate for the euro area is largely set by the economies of its 
36 Austria, Belgium, Finland, France, Germany, Italy, Netherlands, Portugal, and Spain (included in 
this analysis). Cyprus, Greece, Ireland, Luxembourg, Malta, the Slovak Republic, and Slovenia (not included 
in this analysis).
37 Practically speaking, there are not at present enough observations to allow any meaningful econo-
metric study of a NATREX model post adoption of the euro. Exploring how the estimates of the NATREX 
model would differ for the euro area countries using observations prior to 1999 would also carry little econo-
metric significance because the data used in this analysis only date to 1985.
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largest members and by policies set by the European Central Bank, it is not unreasonable 
to believe that for small member countries it is in fact the real exchange rate that is at least 
weakly exogenous. If this is the case, it follows that the other fundamentals must adjust to 
accommodate changes in the real exchange rate for these countries. It might therefore be 
more appropriate to estimate a NATREX model for a combined euro area only, rather than 
trying to estimate the NATREX model for individual euro area countries. Given the ongoing 
accession of new European Union countries to the euro area (and in particular emerging 
market economies for which the Balassa-Samuelson Effect is more evident), it is not clear 
what weighting scheme one should use in combining the impact of the fundamentals in the 
individual nations on the overall NATREXSS. This is a rich topic for further research.
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Appendix 1 Data Construction

The primary data sources used for the construction of all variables (tradables and non-
tradables price indices, the relative price of non-tradable goods, the real exchange rate for 
tradables and the real exchange rate for the total economy) were (1) the OECD Annual 
National Accounts database (SNA); (2) OECD Quarterly National Accounts Database 
(QNA); (3) OECD Productivity Database; (4) OECD Database for Structural Analysis 
(STAN); (5) Eurostat; (6) EU KLEMS database; and (7) OECD Main Economic Indicators 
(MEI) database.

A1.1 Classification of Traded and Non-Traded Goods
The first step was the classification of goods as either tradable or non-tradable. Economists 

such as Romain Duval (2001, 2002) and De Gregorio, Giovannini, and Wolf (1994) made 
this distinction by computing the ratio of exports of a particular sector (measured in USD) 
to total production in the OECD area (GDP measured in USD) for this same sector. If the 
ratio of exports to GDP of a sector exceeds 10% for the whole OECD area, the sector is 
considered to be producing traded goods. Making the assumption that traded and non-
traded goods sectors remain the same over time, I followed the classification of traded and 
non-traded goods sectors used by Duval (2001b). The data source used for his calculations 
was the OECD International Sectoral Data Base (ISDB), which followed its own ISDB 
1998 Classification System. In an effort to simplify and consolidate databases, the ISDB 
was integrated into STAN in 2000. STAN follows the International Standard Industrial 
Classification (ISIC) Revision 3.

Therefore, two separate concordances were used to translate the goods that Duval had 
classified as tradable or non-tradable into their ISIC equivalents.38

A1.1.1 Selection of Appropriate Sectoral Breakdown
The two types of classification systems used to measure goods and services output are 

(1) commodity-based classification systems, or, (2) activities-based classification systems. 
From a theoretical standpoint, it makes more economic sense to follow a commodity-based 
classification system when calculating price indices: it is more representative of the true 
output generated by specific commodities. An example of such a classification system is 
the International Trade and Commodity Statistics (SITC) classification system. 

However, I chose to follow the ISIC Rev. 3, an activities based classification system, 
in an effort to remain consistent with the National Accounts data series that are used in 
most subsequent data calculation steps. The ISIC Rev. 3 is available in A6, A17 and A 31 
sectoral breakdowns. I chose to use the A17 because it is more appropriate on a theoretical 
level. This is because the A6 aggregates some sectors that are classified as tradable and 
non-tradable.

Tables A1 and A2 list the tradable and non-tradable goods sectors, respectively, per the 
38 The concordance between the ISDB and the ISIC Rev. 2 can be found in part 4 of the ISDB ‘98 
international sectoral data base user’s guide. The concordance between the ISIC Rev. 2 and the ISIC Rev. 3 
can be found through Eurostat’s Index of correspondence tables (page 3).
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ISIC Rev.3 A17 breakdown. 

Table A1: OECD Tradable Goods Sectors
Sector 
Abbreviation Sector Contents

A Agriculture, hunting and forestry
B Fishing, aquaculture and service activities incidental to fishing
C Mining and quarrying
D Manufacturing
I Transport, storage and communications

Table A2: OECD Non-Tradable Goods Sectors

Sector 
Abbreviation Sector Contents

E Electricity, gas and water supply
F Construction

G Wholesale and retail trade, repair of motor vehicles, motorcycles and personal
and household goods

H Hotels and restaurants
J Financial intermediation
K Real estate, renting and business activities
L Public administration and defense, compulsory social security
M Education
N Health and social work
O Other community, social and personal service activities

P Activities of private households as employers and undifferentiated production
activities of private households

Q Extraterritorial organizations and bodies

A1.2 Data Selection and Construction of Tradables and Non-Tradables Price Indices
The limitation in time series length was a significant challenge when creating country-

specific tradable and non-tradable price indices. Initially, GVA data (both current and 
constant) were downloaded from the OECD National Accounts according to the A17 
breakdown. The short time series length for several countries, and specifically for the 
United States, was problematic because the US is used as the base country in all real 
exchange rate measures. Therefore, other OECD databases in addition to Eurostat were 
explored to see if longer time series for the same countries were available (Table A3).39 
New Zealand, Sweden, and Ireland were excluded from my analysis due to lack of data. 
For Germany, data for Unified Germany were linked to data for West Germany beginning 

39 The selection of OECD countries used in this report was based on the availability of multi-factor 
productivity data available in the OECD Productivity database. This is because MPF data is needed in the 
regression of the real exchange rate on variables for MFP, PREF, INTEREST and, for small countries, TOT 
and r*.
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in 1991 using the first period common link method.40 Table A4 describes the databases 
from which each country’s data was extracted.

Table A3: Data Availability
Country NA Curent Period NA Constant Period STAN Current Period STAN Constant Period Eurostat Current Period Eurostat Constant Period EU KLEMS Current Period EU KLEMS Constant Period
Australia 1989-2006 1985-2006 1985-2006 1989-2007 N/A N/A N/A N/A
Austria 1985-2006 1985-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Belgium 1995-2007 1995-2007 1985-2007 1985-2007 N/A N/A N/A N/A
Canada 1985-2004 1997-2006 1985-2004 1985-2006 N/A N/A N/A N/A
Denmark 1985-2007 1990-2007 1985-2007 1985-2007 N/A N/A N/A N/A
Finland 1985-2007 1985-2007 1985-2007 1985-2007 N/A N/A N/A N/A
France 1999-2007 1999-2007 1985-2007 (Missing C) 1985-2007 (Missing C) 1999-2007 1999-2007 1985-2005 1985-2005
Germany1 1985-2006 1985-2006 1991-2007 1991-2007 1991-2007 1991-2007 Not Available Not Available
Italy 1985-2006 1985-2006 1985-2007 1985-2007 N/A N/A N/A N/A
Japan 1996-2006 1996-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Netherlands 1987-2007 1987-2007 1985-2006 1985-2006 N/A N/A N/A N/A
Portugal 1995-2006 1995-2006 1985-2006 (Missing C) 1985-2006 (Missing C) N/A N/A 1985-2005 1985-2005
Spain 2000-2006 2000-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Switzerland 1997-2006 1997-2006 1990-2006 1990-2006 1985-2007 1985-2007 N/A N/A
United Kingdom 1998-2007 1989-2005 Not Available Not Available 1985-2005 1985-2005 N/A N/A
United States 1987-2006 1998-2006 1985-2006 1985-2006 N/A N/A N/A N/A

Country NA Curent Period NA Constant Period STAN Current Period STAN Constant Period Eurostat Current Period Eurostat Constant Period EU KLEMS Current Period EU KLEMS Constant Period
Australia 1989-2006 1985-2006 1985-2006 1989-2007 N/A N/A N/A N/A
Austria 1985-2006 1985-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Belgium 1995-2007 1995-2007 1985-2007 1985-2007 N/A N/A N/A N/A
Canada 1985-2004 1997-2006 1985-2004 1985-2006 N/A N/A N/A N/A
Denmark 1985-2007 1990-2007 1985-2007 1985-2007 N/A N/A N/A N/A
Finland 1985-2007 1985-2007 1985-2007 1985-2007 N/A N/A N/A N/A
France 1999-2007 1999-2007 1985-2007 (Missing C) 1985-2007 (Missing C) 1999-2007 1999-2007 1985-2005 1985-2005
Germany1 1985-2006 1985-2006 1991-2007 1991-2007 1991-2007 1991-2007 Not Available Not Available
Italy 1985-2006 1985-2006 1985-2007 1985-2007 N/A N/A N/A N/A
Japan 1996-2006 1996-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Netherlands 1987-2007 1987-2007 1985-2006 1985-2006 N/A N/A N/A N/A
Portugal 1995-2006 1995-2006 1985-2006 (Missing C) 1985-2006 (Missing C) N/A N/A 1985-2005 1985-2005
Spain 2000-2006 2000-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Switzerland 1997-2006 1997-2006 1990-2006 1990-2006 1985-2007 1985-2007 N/A N/A
United Kingdom 1998-2007 1989-2005 Not Available Not Available 1985-2005 1985-2005 N/A N/A
United States 1987-2006 1998-2006 1985-2006 1985-2006 N/A N/A N/A N/A

Country NA Curent Period NA Constant Period STAN Current Period STAN Constant Period Eurostat Current Period Eurostat Constant Period EU KLEMS Current Period EU KLEMS Constant Period
Australia 1989-2006 1985-2006 1985-2006 1989-2007 N/A N/A N/A N/A
Austria 1985-2006 1985-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Belgium 1995-2007 1995-2007 1985-2007 1985-2007 N/A N/A N/A N/A
Canada 1985-2004 1997-2006 1985-2004 1985-2006 N/A N/A N/A N/A
Denmark 1985-2007 1990-2007 1985-2007 1985-2007 N/A N/A N/A N/A
Finland 1985-2007 1985-2007 1985-2007 1985-2007 N/A N/A N/A N/A
France 1999-2007 1999-2007 1985-2007 (Missing C) 1985-2007 (Missing C) 1999-2007 1999-2007 1985-2005 1985-2005
Germany1 1985-2006 1985-2006 1991-2007 1991-2007 1991-2007 1991-2007 Not Available Not Available
Italy 1985-2006 1985-2006 1985-2007 1985-2007 N/A N/A N/A N/A
Japan 1996-2006 1996-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Netherlands 1987-2007 1987-2007 1985-2006 1985-2006 N/A N/A N/A N/A
Portugal 1995-2006 1995-2006 1985-2006 (Missing C) 1985-2006 (Missing C) N/A N/A 1985-2005 1985-2005
Spain 2000-2006 2000-2006 1985-2006 1985-2006 N/A N/A N/A N/A
Switzerland 1997-2006 1997-2006 1990-2006 1990-2006 1985-2007 1985-2007 N/A N/A
United Kingdom 1998-2007 1989-2005 Not Available Not Available 1985-2005 1985-2005 N/A N/A
United States 1987-2006 1998-2006 1985-2006 1985-2006 N/A N/A N/A N/A

1. Data from 1985 – 1990 refer to West Germany. Data from 1991 – 2006 refer to Unified Germany. These 
data were linked using the first common period link method.
*N/A appears when data was already available for the desired period.

A1.3 Annual to Quarterly Data
In order to increase the number of observations, annual data were disaggregated into 

quarterly data using Ecotrim Interface, a statistical software package published by Eurostat. 
The main feature of this software is the computation of temporal disaggregation.41 For each 
respective country, the input series to be disaggregated were the annual output series per 
the ISIC Rev. 3 A17 breakdown (i.e., the annual GDP price deflators). The input related 

40 The first common period link method calculates a linking factor as the ratio of the first observation 
of the new series to the equivalent observation of the old series. This method preserves the annual growth rate 
at the linking point from the old series (OECD, 2004).
41 Temporal disaggregation is a process of deriving high frequency data (for example quarterly data) 
from low frequency data (for example annual data) by using related information.
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series, used in the disaggregation process, were quarterly gross value-added series for the 
total economy for each respective country. All quarterly data were extracted from the QNA. 
Quarterly GVA series for the total economy were available for all countries for all years 
1985Q1 – 2006Q4. As quarterly output data are not consistently available at the A17 level, 
the assumption was made that quarterly changes in traded and non-traded goods prices 
follow the same infra-annual pattern as quarterly changes in total economy prices.

The choice to use data from the EU KLEMS database42 for France and Portugal was 
made because there are no data available for sector C (mining and quarrying) in the STAN 
database. This is because mining and quarrying data were reported as part of manufacturing 
for these two countries until the late 1990s. The slight differences in series values published 
by EU KLEMS and STAN are primarily caused by vintage related issues. To account for 
the fact that all data in the EU KLEMS database ends in 2005, I followed the sectoral 
growth rate pattern from 2005 to 2006 in the SNA to extend the EU KLEMS series through 
2006. The average of the growth rate for sectors D_E in the SNA was applied to sectors 
C_E in EU KLEMS. This step was taken because mining and quarrying data is included in 
sector D in the SNA.

Table A4: Data Sources Used

Country SNA STAN EUROSTAT EU KLEMS
Australia 
Austria 
Belgium 
Canada 
Denmark 
Finland 
France 
Germany 
Italy 
Japan 
Netherlands 
Portugal 
Spain 
Switzerland 
United Kingdom 
United States 

A1.4 Price Indices Construction
After extracting and formatting the quarterly current and constant value added data per 

the A17 breakdown, GDP deflators were calculated. The share of a specific sector in the 
OECD area’s tradable or non-tradable GDP was then derived.43 For example, the share of 
sector A in the OECD’s tradable real GDP is equal to the sum of sector A’s real GDP for 
all countries divided by the sum of sector A, B, C, D, and I’s real GDPs for all countries. 
When calculating the shares, nominal GDP data were used in order to capture the impact 
of inflation.
42 The EU KLEMS database, a project funded in 2007 by the European Commission Research Direc-
torate, aims to provide a database on main economic measures at the industry level for all EU member states 
from 1970 onwards. The project ended in 2007 and all series end in 2005.
43 Here, the OECD area refers to an OECD area reduced to the countries included in this analysis.
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To sum GDPs across countries and across years for a particular sector, PPP dollars were 
used to convert the nominal and real GDPs into USD. The choice to use PPP dollars instead 
of the nominal exchange rate to do this conversion was made for two principal reasons: first, 
although the nominal exchange rate is a good measure to use when converting the output 
of traded goods from national currency into USD, this is not the case for non-traded goods. 
Second, using the nominal exchange rate may introduce volatility into the calculation, as 
there can be large fluctuations in nominal exchange rates among years. Presumably, this 
volatility is spurious.

Because such price indices can be used as an indicator of a country’s competitiveness, 
it makes sense to choose weights coming from the most recent years that are all country 
inclusive. This was 2000 – 2006. Therefore, I averaged the sector shares for the period 
2000 – 2006 to derive constant shares for these sectors for the whole OECD area.44

In all databases, data for Canada were only available through 2004. For the United 
Kingdom, data were only available through 2005. Therefore, I used the GROWTH 
function in excel to extrapolate the GDP data through 2006 for these two countries because 
GROWTH allows for an estimate in year 6 that is lower than year 5 while still using 
the existing data to calculate predicted exponential growth. This is an appropriate choice 
because sectoral GDP does not consistently increase for all years.

Next, I used the A17 GDP deflators (previously derived) and the weighted shares to 
calculate the overall tradable and non-tradable price indices for each country. They were 
calculated as a geometric mean of the tradable and non-tradable price indices:

•	

•	

where  represents the share of a particular sector’s share of GDP for the reduced OECD 
area (the share of sector Q was zero for all countries).

A1.5 The Relative Price of Non-Traded Goods, the Real Exchange Rate for Tradables, 
and the Real Exchange Rate for the Total Economy

The constructed quarterly price indices were used to calculate the relative price of non-
tradable goods (i.e. the ratio of the relative price of non-traded to traded goods between an 
OECD country and the US), a tradables real exchange rate, QT 45, and a total economy real 
exchange rate, Q.

The relative price of non-traded goods (compared to the USA) was calculated as:

•	  

44 This step is different from that taken by previous authors such as Duval (2001), who simply took the 
OECD base year to find the weight of a particular sector in the OECD area.
45 The tradables real exchange rate is used in subsequent steps as a measure of a country’s terms of 
trade.
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The RER for tradable goods, QT, was calculated as:

•	  

where e represents the nominal exchange US dollars per unit of domestic currency. The 
decision to use QT as a proxy for the terms of trade was made for two primary reasons. 
First, there is no terms of trade measure that is available across countries (such as imports 
and exports price indices). Second, this variable weighs a country’s exports more heavily 
than its imports because it is based on production rather than consumption.

The RER for the total economy, Q, was calculated as:

•	  

where  represents the share of non-traded goods in GDP for the OECD area. The series 
for QT and Q were then standardized so that 2000 = 1for all three measures of the exchange 
rate. 

The share of non-traded goods in the OECD GDP, , was calculated in a way similar to 
the individual sector shares: it is the sum of the non-traded goods sector’s GDPs divided 
by the total GDP for the same year. Specifically, the share of non-traded goods’ GDP is 
calculated as the sum of the GDPs for sectors E, F, G_H, J_K, and L_P divided by the 
reduced OECD area’s total GDP. The average of this ratio for the years 2000-2006 was 
then taken, as was done for the individual shares. Unlike the calculation of the share of a 
specific sector in the total OECD area GDP, it is most appropriate here to use real GDP 
because it allows us to weight sectors by production and is a better representation of real 
shares in GDP. The share of non-traded goods in total GDP for the OECD area when 
calculated this way was equal to 0.731 (or, 73.1%).46

The  found is 7.02% higher than that found by Duval (2001), 0.683. This is surprising 
because economies are often thought of as becoming more open over time (the time period 
that Duval used was 1970 – 2000). Two possible explanations emerge. (1) Duval had been 
using the ISDB, which only included 14 countries. Whereas his analysis included Norway 
and Sweden, my analysis excludes these countries. Additionally, my analysis includes 
Austria, Switzerland, Portugal, and Spain, while his did not. The difference in country 
composition could potentially change the results.47 (2) As we see in Table A5 below, 
the countries for which there are the largest GDPs in the OECD area (France, Germany, 
Japan, the United Kingdom, and the United States) all have shares of non-traded goods 
in the OECD GDP of 70% or higher (which is contrary to theory). Therefore, these larger 
economies that all have a smaller degree of openness, dominate. 

46 This share is only slightly lower than what is found if using nominal GDP. The share of non-traded 
goods in the OECD area calculated using nominal values is 0.741, or, 74.1%.
47 The share of non-traded goods for all of these countries is over 70%.
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Table A5: Share of Traded to Non-Traded Goods in OECD GDP

Country Share Traded 
Goods (%)

Share Non-Traded 
Goods (%)

Australia 29.0 71.1
Austria 30.0 70.0
Belgium 27.9 72.1
Canada 33.2 66.8
Switzerland 27.7 72.3
Germany 30.5 69.6
Denmark 29.5 70.5
Spain 29.1 70.8
Finland 42.3 58.0
France 24.9 75.1
United Kingdom 27.3 74.2
Italy 30.7 69.3
Japan 29.5 70.5
Netherlands 27.8 72.2
Portugal 27.8 72.2
United States 23.8 76.3

2000 – 2006 Average, Constant Prices

A1.6 Data Construction: Exogenous Variables

A1.6.1 Time Preference
Following the methodology of Duval (2002), an individual country’s time preference is 

calculated as the ratio of social consumption to GDP. Social consumption is measured as the 
sum of private and public consumption (i.e. C + G). All quarterly data were extracted from 
the OECD System of Quarterly National Accounts. The two measures extracted, in volume 
terms and national currency, were (1) GDP calculated using the expenditure approach 
and (2) final consumption expenditure. After taking the ratio of these two measures, the 
series were then smoothed by calculating their four-quarter moving averages. As Duval 
(2002) points out, this step allows the empirical variables to be closer to their theoretical 
counterparts by taking out abrupt fluctuations in the quarterly data. The final time preference 
variable, labeled PREF, was calculated as a country’s time preference minus that of the 
United States.

A1.6.2 Multi-Factor Productivity
Multi-factor productivity (MFP) is used as a proxy for technological progress. Whereas 

Duval (2002) calculated MFP indices using data that were previously available in the ISDB 
on output, capital and labor in the corporate business sector, I downloaded the already 
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calculated MFP series, in annual percent, from the OECD Productivity Database. Index 
levels were then constructed from the annual percent changes.

The extraction of these series led to three main issues: (1) MFP data were only available 
on an annual basis; (2) there was limited data availability and (3) some of the time series 
were limited in length. To address the first issue, annual data was assumed to be the same 
for all four quarters.48 Secondly, data were only available for 19 OECD member countries. 
These were: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, 
Finland, France, Ireland, Italy, Japan, the Netherlands, New Zealand, Portugal, Spain, 
Sweden, the United Kingdom and the United States.49 This limited my analysis to these 
countries. Lastly, there were missing data for some countries. Although the MFP published 
time series length ranges from 1985-2006, the start and end dates of actual time series 
varied per country. The shortest time series lengths were for Portugal and Austria, where 
the data are only available from 1996-2005 (see Table A6).

In order to extend the MFP time series length, the assumption was made that labor 
productivity series, also published in the OECD Productivity Database, could be used as 
a proxy for multi-factor productivity given a correlation between the two growth series of 
greater than 0.70.50 If this was the case, the TREND function in Excel was used to estimate 
the missing values of the constructed multi-factor productivity index series based off the 
labor productivity index series (also published in the OECD Productivity Database). In 
Excel, TREND fits a straight line using the method of least squares through the known data 
points (i.e. through the known MFP and labor productivity indices) to return an array of 
new MFP data.

For Australia, Denmark, Finland, the Netherlands and the United Kingdom, the MFP 
index series were extended forward from 2005 to 2006. For Austria, the MFP index series 
were extended backward from 1985 to 1994 and forward from 2005 to 2006. For Belgium, 
the MFP index series were extended forward from 2004 to 2006. For Switzerland and 
Germany, the series were extended backward from 1985 to 1991. For Spain, unpublished 
data were used to fill in the missing values from 1985 to 1990. For Portugal, unpublished 
data were used to fill in the missing values from 1988 to 1995.51 The TREND function was 
then used to extend the series backward from 1985 to 1987.

48 This creates discrete changes in the data series. Another possible solution would have been to take 
an annual moving average of the series.
49 New Zealand, Ireland, and Switzerland had previously been eliminated from the analysis because of 
a lack of data used to construct price indices. The remaining countries for which there was MFP data avail-
able determined the countries to be used in the overall analysis. 
50 It should be noted that there was a correlation coefficient of approximately 0.90 for all countries that 
required backwards estimation of more than one to two years (i.e. Switzerland, Germany, and Portugal).
51 All unpublished data were obtained from the OECD.
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Table A6: Correlation between MPF and Labor Productivity Growth

Country 
Multi-Factor 
Productivity Data 
Availibility

Labor 
Productivity Data 
Availibility

Common Period Growth 
Correlation

Australia 1985-2005 1985-2006 1985-2005 0.95
Austria 1996-2005 1995-2006 1995-2005 0.73
Belgium 1985-2004 1985-2006 1985-2004 0.98
Canada 1985-2006 N/A N/A N/A
Switzerland 1992-2006 1985-2006 1992-2006 0.91
Germany 1992-2006 1985-2006 1992-2006 0.89
Denmark 1985-2005 1985-2006 1985-2005 0.95
Spain 1985-2005 1985-2006 1985-2005 0.74
Finland 1985-2006 N/A N/A N/A
France 1985-2006 N/A N/A N/A
United Kingdom 1985-2006 N/A N/A N/A
Italy 1985-2005 1985-2006 1985-2005 0.97
Japan 1996-2005 1986-2006 1996-2005 0.99
Netherlands 1991-2006 1985-2006 1991-2006 0.95
Portugal 1985-2005 1985-2006 1985-2005 0.84
United States 1985-2006 N/A N/A N/A

*N/A indicates that no estimation was needed because MFP data were available for the entire period desired.

The final MFP variable used in the analysis, labeled MFP, was constructed as the ratio of 
an individual country’s MFP index relative to that of the United States.

A1.6.3 Interest Rate Differential
For a medium-size country, the interest rate differential variable measures the difference 

between the long-term domestic real interest rate of a particular OECD member country 
and that of the United States. To complete this calculation, I extracted quarterly long-
term nominal interest rates (in annual percent changes) from the OECD MEI database. In 
addition, quarterly consumer price index (CPI) rates for the same countries and time period 
were downloaded from the MEI database to construct the real interest rates. The long-
term real interest rates were then calculated as the difference between the nominal long-
term interest rate and the CPI rate. As was the case with PREF, the series were smoothed 
by taking their four-quarter moving average. The final interest rate differential variable, 
labeled INTEREST, was calculated as the difference between the long-term domestic real 
interest rate of a particular OECD country and that of the United States.52 Table 5 indicates 
the time periods of each variable post completion of data construction steps.

52 For Denmark and Finland, long-term nominal interest rate data were only available starting in 
1987Q1.Therefore, the figure for 1987Q1 was assumed to be the same from 1985Q1 – 1987Q1. For Portugal, 
long term real interest rate data were only available starting in 1985Q4. Therefore, the figure for 1985Q1 was 
assumed to be the same from 1985Q1 – 1985Q4.
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A1.6.4 Terms of Trade and World Real Interest Rate
For the reasons discussed in section A1.5, the terms of trade variable was assumed to be 

the same as the real exchange rate for tradable goods. Also, for small countries, the world 
real interest rate is a long-run fundamental that influences the outcome of the NATREX 
model. In this analysis, the long-run world real interest rate, r*, was assumed to be that 
of the United States and was the same as that used in the calculation of the INTEREST 
variable.

Table A7: Data Availability Post Data Construction (Q1 – Q4)
Country TOT MFP PREF INTEREST
Australia 1989 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Austria 1985 - 2006 1995 - 2006 1985 - 2006 1985 - 2006
Belgium 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Canada 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Denmark 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Finland 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
France 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Germany 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Italy 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Japan 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Netherlands 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Portugal 1985 - 2006 1986 - 2006 1985 - 2006 1985 - 2006
Spain 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
Switzerland 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
United Kingdom 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006
United States 1985 - 2006 1985 - 2006 1985 - 2006 1985 - 2006

*For PREF and INTEREST, smoothed series begin in 1985Q3.
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Appendix 2Augmented Dickey Fuller Test Results

H0:  H1: 

Country Variable Model Specification Lags Observations T-Statistic P-Value
1% 5% 10%

logq C 4 67 -1.771 -3.556 -2.916 -2.593 0.3948
∆ logq** C 4 66 -3.316 -3.558 -2.917 -2.594 0.0142
logmfp C 1 86 -1.350 -3.530 -2.901 -2.586 0.6060
∆logmfp*** C 1 85 -6.404 -3.531 -2.902 -2.586 0.0000
pref C 4 80 -2.071 -3.538 -2.906 -2.588 0.2563
∆pref** C 4 79 -2.971 -3.539 -2.907 -2.588 0.0377
tot C 4 67 -1.876 -3.556 -2.916 -2.593 0.3436
∆tot*** C 4 66 -3.574 -3.558 -2.917 -2.594 0.0063

logq* C 4 83 -2.724 -3.534 -2.904 -2.587 0.0699
∆logq*** C 4 82 -3.901 -3.535 -2.904 -2.587 0.0020
logmfp C 1 46 -1.261 -3.607 -2.941 -2.605 0.6468
∆logmfp*** C 1 45 -4.636 -3.614 -2.944 -2.606 0.0001
pref C, T 2 82 -1.546 -4.080 -3.468 -3.161 0.8130
∆pref*** C, T 2 81 -4.359 -4.082 -3.469 -3.161 0.0025
tot C 4 83 -2.379 -3.534 -2.904 -2.587 0.1477
∆tot*** C 4 82 -3.988 -3.535 -2.904 -2.587 0.0015

logq C 4 83 -2.584 -3.534 -2.904 -2.587 0.0964
∆logq*** C 4 82 -4.089 -3.535 -2.904 -2.587 0.0010
logmfp C 1 86 0.253 -3.530 -2.901 -2.586 0.9751
∆logmfp*** C 1 85 -6.512 -3.531 -2.902 -2.586 0.0000
pref C 3 81 0.511 -3.537 -2.905 -2.588 -2.5880
∆pref*** C 3 80 -4.452 -3.538 -2.906 -2.588 0.0002
tot* C 4 83 -2.628 -3.534 -2.904 -2.587 0.0873
∆tot*** C 4 82 -3.957 -3.535 -2.904 -2.587 0.0017

logq* C 4 83 -2.819 -3.534 -2.904 -2.587 0.0556
∆logq*** C 4 82 -4.087 -3.535 -2.904 -2.587 0.0010
logmfp C 1 86 -0.569 -3.530 -2.901 -2.586 0.8779
∆logmfp*** C 1 85 -6.447 -3.531 -2.902 -2.586 0.0000
pref C 2 82 -1.909 -3.535 -2.904 -2.587 0.3277
∆pref*** C 2 81 -4.092 -3.537 -2.905 -2.588 0.0010
tot C 4 83 -2.303 -3.534 -2.904 -2.587 0.1712
∆tot*** C 4 82 -4.027 -3.535 -2.904 -2.587 0.0013

logq* C 4 83 -2.740 -3.534 -2.904 -2.587 0.0673
∆logq*** C 4 82 -3.614 -3.535 -2.904 -2.587 0.0055
logmfp C, T 1 86 -1.753 -4.071 -3.464 -3.158 0.7270
∆logmfp*** C, T 1 85 -6.985 -4.073 -3.465 -3.159 0.0000
pref C 2 82 -0.666 -3.535 -2.904 -2.587 0.8553
∆pref*** C 2 81 -4.565 -3.537 -2.905 -2.588 0.0001
tot C 4 85 -1.820 -3.531 -2.902 -2.586 0.3707
∆tot*** C 4 84 -3.989 -3.532 -2.903 -2.586 0.0015

C = Constant.
T = Trend.
*** rejection of the null hypothesis of a unit root at the 1% significance level.
** rejection of the null hypothesis of a unit root at the 5% significance level.
* rejection of the null hypothesis at the 10% significance level.

Finland

Belgium

Denmark

Small Countries
Critical Value

Australia

Austria
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Country Variable Model Specification Lags Observations T-Statistic P-Value
1% 5% 10%

logq* C 4 83 -2.651 -3.534 -2.904 -2.587 0.0830
∆logq*** C 4 82 -3.833 -3.535 -2.904 -2.587 0.0020
logmfp C, T 1 86 -1.034 -4.071 -3.464 -3.158 0.9394
∆logmfp*** C, T 1 85 -7.197 -4.073 -3.465 -3.159 0.0000
pref C 3 81 -2.336 -3.537 -2.905 -2.588 0.1606
∆pref*** C 3 80 -4.701 -3.538 -2.906 -2.588 0.0001
tot C, T 2 85 -2.033 -4.073 -3.465 -3.159 0.5835
∆tot** C, T 2 84 -4.035 -4.075 -3.466 -3.160 0.0078

logq C 4 83 -2.701 -3.534 -2.904 -2.587 0.0738
∆logq*** C 4 82 -4.036 -3.535 -2.904 -2.587 0.0012
logmfp C 1 86 -1.641 -3.530 -2.901 -2.586 0.4618
∆logmfp*** C 1 85 -6.417 -3.531 -2.902 -2.586 0.0000
pref C, T 3 81 -2.154 -4.082 -3.469 -3.161 0.5159
∆pref** C, T 3 80 -4.064 -4.084 -3.470 -3.162 0.0071
tot C 4 83 -2.577 -3.534 -2.904 -2.587 0.0978
∆tot*** C 4 82 -3.893 -3.535 -2.904 -2.587 0.0021

logq* C 4 83 -2.358 -3.534 -2.904 -2.587 0.1540
∆logq*** C 4 82 -4.453 -3.535 -2.904 -2.587 0.0002
logmfp C 1 82 -1.921 -3.535 -2.904 -2.587 0.3223
∆logmfp*** C 1 81 -6.304 -3.537 -2.905 -2.588 0.0000
pref C, T 2 82 -1.656 -3.535 -2.904 -2.587 0.4542
∆pref** C, T 2 81 -3.460 -3.537 -2.905 -2.588 0.0091
tot C, T 2 85 -1.402 -4.073 -3.465 -3.159 0.9382
∆tot*** C, T 2 84 -4.261 -4.075 -3.466 -3.160 0.0036

logq* C 2 85 -2.875 -3.531 -2.902 -2.586 0.0484
∆logq*** C 2 84 -3.958 -3.532 -2.903 -2.586 0.0016
logmfp C, T 2 82 -1.409 -4.073 -3.465 -3.159 0.8584
∆logmfp*** C, T 2 81 -7.522 -4.075 -3.466 -3.160 0.0000
pref C 2 82 -2.430 -3.535 -2.904 -2.587 0.1335
∆pref*** C 2 81 -4.381 -3.537 -2.905 -2.588 0.0003
tot C, T 2 85 -2.094 -3.531 -2.902 -2.586 0.5495
∆tot*** C, T 2 84 -3.849 -3.532 -2.903 -2.586 0.0142

logq C 6 81 -2.438 -3.537 -2.905 -2.588 0.1312
∆logq*** C 6 80 -3.889 -3.538 -2.906 -2.588 0.0021
logmfp C, T 1 86 -2.622 -4.071 -3.464 -3.158 0.2700
∆logmfp*** C, T 1 85 -6.935 -4.073 -3.465 -3.159 0.0000
pref C 2 82 -1.163 -3.535 -2.904 -2.587 0.6892
∆pref*** C 2 81 -3.945 -3.537 -2.905 -2.588 0.0017
tot* C 2 82 -2.633 -3.534 -2.904 -2.587 0.0863
∆tot*** C 2 81 -4.156 -3.535 -2.904 -2.587 0.0008

C = Constant.
T = Trend.
*** rejection of the null hypothesis of a unit root at the 1% significance level.
** rejection of the null hypothesis of a unit root at the 5% significance level.
* rejection of the null hypothesis at the 10% significance level.

Small Countries
Critical Value

Switzerland

Italy

Netherlands

Portugal

Spain
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Country Variable Model Specification Lags Observations T-Statistic P-Value
1% 5% 10%

logq C 3 84 -1.889 -3.532 -2.903 -2.586 0.3374
∆logq** C 3 83 -2.982 -3.534 -2.904 -2.587 0.0366
logmfp C 1 86 -1.782 -3.530 -2.901 -2.586 0.3892
∆logmfp*** C 1 85 -6.857 -3.531 -2.902 -2.586 0.0000
pref C 3 81 -2.083 -3.538 -2.906 -2.588 0.2703
∆pref** C 3 80 -3.061 -3.537 -2.905 -2.588 0.0296
interest C 2 82 -1.458 -3.535 -2.904 -2.587 0.5544

logq C 4 83 -2.387 -3.534 -2.904 -2.587 0.1454
∆logq*** C 4 82 -4.041 -3.535 -2.904 -2.587 0.0012
logmfp C, T 1 86 -1.758 -4.071 -3.464 -3.158 0.7248
∆logmfp*** C, T 1 85 -6.916 -4.073 -3.465 -3.159 0.0000
pref C 3 81 -2.028 -3.537 -2.905 -2.588 0.2743
∆pref*** C 3 80 -3.950 -3.538 -2.906 -2.588 0.0017
interest** C, T 2 82 -3.732 -4.080 -3.468 -3.161 0.0203

logq C 4 83 -2.478 -3.534 -2.904 -2.587 0.1210
∆logq*** C 4 82 -3.989 -3.535 -2.904 -2.587 0.0015
logmfp C, T 1 86 -0.854 -4.071 -3.464 -3.158 0.9609
∆logmfp*** C, T 1 85 -6.813 -4.073 -3.465 -3.159 0.0000
pref C 2 82 -1.030 -3.535 -2.904 -2.587 0.7420
∆pref** C 2 81 -3.120 -3.537 -2.905 -2.588 0.0251
interest*** C 2 82 -3.664 -3.535 -2.904 -2.587 0.0046

logq C 4 83 -2.241 -3.534 -2.904 -2.587 0.1916
∆logq** C 4 82 -3.916 -3.535 -2.904 -2.587 0.0019
logmfp* C 1 86 -2.626 -3.530 -2.901 -2.586 0.0878
∆logmfp*** C 1 85 -6.679 -3.531 -2.902 -2.586 0.0000
pref C 1 83 -1.375 -3.534 -2.904 -2.587 0.5940
∆pref** C 1 82 -3.039 -3.535 -2.904 -2.587 0.0314
interest* C 3 81 -2.707 -3.537 -2.905 -2.588 0.0728

logq* C 1 86 -2.708 -3.530 -2.901 -2.586 0.0726
∆logq*** C 1 85 -7.064 -3.534 -2.904 -2.587 0.0000
logmfp C 1 86 -1.287 -3.530 -2.901 -2.586 0.6350
∆logmfp*** C 1 85 -6.405 -3.534 -2.904 -2.587 0.0000
pref C, T 2 82 -2.120 -4.080 -3.468 -3.161 0.5348
∆pref*** C, T 2 81 -4.119 -4.082 -3.469 -3.161 0.0059
interest** C, T 2 82 -3.799 -4.080 -3.468 -3.161 0.0166

(r*) C, T 5 78 -2.829 -4.088 -3.472 -3.163 0.1866
(∆r*)** C, T 5 77 -3.940 -4.089 -3.473 -3.164 0.0107

C = Constant.
T = Trend.
*** rejection of the null hypothesis of a unit root at the 1% significance level.
** rejection of the null hypothesis of a unit root at the 5% significance level.
* rejection of the null hypothesis at the 10% significance level.

Medium Countries

Germany

Critical Value

Canada

France

Japan

United Kingdom

United States
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Appendix 3 Engle Granger Test Results

H0:  H1: 

Residuals from the regression of logQ on logMFP, PREF, TOT and r*

Country Variable Lags Model 
Specificatio

n

Observations T-
Statistic P-Value

1% 5% 10%
aus_resid*** 1 C 66 -6.216 -3.558 -2.917 -2.594 0.0000
aus_resid*** 2 C 65 -4.913 -3.559 -2.918 -2.594 0.0000
aus_resid** 4 C 63 -3.421 -3.562 -2.920 -2.595 0.0103

aut_resid*** 1 C 45 -6.225 -3.614 -2.944 -2.606 0.0000
aut_resid*** 2 C 44 -5.644 -3.621 -2.947 -2.607 0.0000
aut_resid*** 4 C 42 -6.283 -3.634 -2.952 -2.595 0.0000

bel_resid*** 1 C 78 -6.309 -3.541 -2.908 -2.589 0.0000
bel_resid*** 2 C 77 -4.740 -3.542 -2.908 -2.589 0.0001
bel_resid*** 4 C 75 -4.590 -3.545 -2.910 -2.590 0.0001

dnk_resid*** 1 C 78 -6.381 -3.541 -2.908 -2.589 0.0000
dnk_resid*** 2 C 77 -4.620 -3.542 -2.908 -2.589 0.0001
dnk_resid*** 4 C 75 -4.671 -3.545 -2.910 -2.590 0.0001

fin_resid*** 1 C 78 -5.997 -3.541 -2.908 -2.589 0.0000
fin_resid*** 2 C 77 -5.569 -3.542 -2.908 -2.589 0.0000
fin_resid** 4 C 75 -3.204 -3.545 -2.910 -2.590 0.0198

ita_resid*** 1 C 78 -5.477 -3.541 -2.908 -2.589 0.0000
ita_resid*** 2 C 77 -4.908 -3.542 -2.908 -2.589 0.0000
ita_resid*** 4 C 75 -5.231 -3.545 -2.910 -2.590 0.0000

nld_resid*** 1 C 78 -6.344 -3.541 -2.908 -2.589 0.0000
nld_resid*** 2 C 77 -5.537 -3.542 -2.908 -2.589 0.0000
nld_resid*** 4 C 75 -3.869 -3.545 -2.910 -2.590 0.0023

prt_resid*** 1 C 78 -5.010 -3.541 -2.908 -2.589 0.0000
prt_resid*** 2 C 77 -5.076 -3.542 -2.908 -2.589 0.0000
prt_resid*** 4 C 75 -4.736 -3.545 -2.910 -2.590 0.0001

esp_resid*** 1 C 78 -5.649 -3.541 -2.908 -2.589 0.0000
esp_resid*** 2 C 77 -5.363 -3.542 -2.908 -2.589 0.0000
esp_resid*** 4 C 75 -3.922 -3.545 -2.910 -2.590 0.0019

che_resid*** 1 C 78 -4.755 -3.541 -2.908 -2.589 0.0001
che_resid*** 2 C 77 -4.528 -3.542 -2.908 -2.589 0.0002
che_resid*** 4 C 75 -4.365 -3.545 -2.910 -2.590 0.0003

C = Constant.
*** rejection of the null hypothesis of a unit root at the 1% significance level.
** rejection of the null hypothesis of a unit root at the 5% significance level.

Small Countries

Spain

Switzerland

Italy

Netherlands

Portugal

Begium

Denmark

Finland

Critical Value

Australia

Austria
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Residuals from the regression of logQ on logMFP and PREF

Country Variable Lags Model 
Specificatio

n

Observations T-
Statistic P-Value

1% 5% 10%
can_resid*** 1 C 80 -6.277 -3.538 -2.906 -2.558 0.0000
can_resid*** 2 C 79 -3.695 -3.539 -2.907 -2.588 0.0042
can_resid** 4 C 77 -3.481 -3.542 -2.952 -2.589 0.0085

fra_resid*** 1 C 81 -6.250 -3.538 -2.906 -2.558 0.0000
fra_resid*** 2 C 79 -4.654 -3.539 -2.907 -2.588 0.0001
fra_resid*** 4 C 77 -4.192 -3.542 -2.952 -2.589 0.0007

deu_resid*** 1 C 81 -6.14 -3.537 -2.905 -2.558 0.0000
deu_resid*** 2 C 80 -4.854 -3.538 -2.906 -2.588 0.0000
deu_resid*** 4 C 78 -4.226 -3.541 -2.908 -2.589 0.0006

jpn_resid*** 1 C 82 -6.888 -3.535 -2.904 -2.587 0.0000
jpn_resid*** 2 C 81 -5.741 -3.537 -2.905 -2.588 0.0000
jpn_resid*** 4 C 79 -4.058 -3.539 -2.907 -2.588 0.0011

gbr_resid*** 1 C 81 -7.387 -3.537 -2.905 -2.588 0.0000
gbr_resid*** 2 C 80 -5.575 -3.538 -2.906 -2.588 0.0000
gbr_resid*** 4 C 78 -4.940 -3.541 -2.908 -2.589 0.0000

C = Constant.
*** rejection of the null hypothesis of a unit root at the 1% significance level.

Medium Countries

United Kingdom

Critical Value

Canada

Japan

France

Germany
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Appendix 4 Johansen Test Results

Johansen Test53 for logQ, logMFP, PREF, TOT and r*

Country Observations Lags Criteria Maximum 
Rank

Trace 
Statistic

5% 1%
0 87.10 68.52 76.07
1** 43.10 47.21 54.46
2 17.47 29.68 35.65

0 112.11 68.52 76.07
1*** 49.32 47.21 54.46
2 23.28 29.68 35.65

0 74.21 68.52 76.07
1* 44.61 47.21 54.46
2 22.17 29.68 35.65

0 68.84 68.52 76.07
1* 32.32 47.21 54.46
2 15.10 29.68 35.65

0 88.60 68.52 76.07
1** 38.00 47.21 54.46
2 19.70 29.68 35.65

0 74.22 68.52 76.07
1* 43.62 47.21 54.46
2 22.63 29.68 35.65

0 71.82 68.52 76.07
1* 38.24 47.21 54.46
2 18.56 29.68 35.65

0 75.05 68.52 76.07
1* 46.30 47.21 54.46
2 24.87 29.68 35.65

0 84.90 68.52 76.07
1*** 47.50 47.21 54.46
2 27.69 29.68 35.65

0 85.69 68.52 76.07
1** 41.38 47.21 54.46
2 21.97 29.68 35.65

*** cointegrating rank of 1 at the 1% significance level.
** cointegrating rank of 1 at the 1% and 5% significance levels.
*cointegrating rank of 1 at the 5% significance level.

Critical Value

Australia 70 2
FPE, AIC, 

SBIC, 
HQIC

Austria 46 2
FPE, AIC, 

SBIC, 
HQIC

Belgium+, 1 84 1 None

Denmark1 83 2
FPE, AIC, 

SBIC, 
HQIC

Finland 81 4 FPE, AIC

Italy1 83 2 SBIC, 
HQIC

Netherlands1 83 2
FPE, AIC, 

SBIC, 
HQIC

Portugal1 82 2
FPE, 
SBIC, 
HQIC

Spain 83 2
FPE, AIC, 

SBIC, 
HQIC

Switzerland 83 2 SBIC, 
HQIC

Small Countries

53 The null hypothesis of the Johansen test is that there are no more than r cointegrating relationships. 
For any given value of r, large values of the trace statistic are evidence against the null hypothesis. Thus we 
would like to see a trace statistic greater than the 5% (or better, the 1%) critical value for a maximum rank of 
0, and less than the 5% critical value for a maximum rank of 1.
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1. We fail to reject the null hypothesis of zero cointegrating relationships at the 1% significance level. Yet, 
we fail to reject the null hypothesis of one cointegrating relationship at the more stringent 5% significance 
level and therefore accept that r = 1 as our estimate of the number of cointegrating equations between these 
five variables.
+ For Belgium, all information criteria (FPE, AIC, SBIC and HQIC) indicated a lag structure of 2 lags. When 
applying this lag structure, a cointegrating rank of two was accepted at the 1% level and a cointegrating rank 
of 3 was accepted at the 5% level. Because the NATREX model relies upon a single cointegrating relationship 
between the real exchange rate and its long-run fundamentals, we accept one lag as the appropriate lag 
structure.

Johansen Test for logQ, logMFP, PREF

Country Observations Lags Criteria Maximum 
Rank

Trace 
Statistic

5% 1%
0 30.19 29.68 35.65
1* 8.30 15.41 20.04
2 0.80 3.76 6.65

0 36.66 29.68 35.65
1*** 19.92 15.41 20.04
2 7.24 3.76 6.65

0 36.66 29.68 35.65
1** 11.81 15.41 20.04
2 3.53 3.76 6.65

0 50.74 29.68 35.65
1*** 16.43 15.41 20.04
2 4.41 3.76 6.65

0 33.43 29.68 35.65
1* 11.57 15.41 20.04
2 1.25 3.76 6.65

*** cointegrating rank of 1 at the 1% significance level.
** cointegrating rank of 1 at the 1% and 5% significance levels.
*cointegrating rank of 1 at the 5% significance level.

Critical Value

Canada+, 1 82 3 None

Germany 83 2
FPE, AIC, 

SBIC, 
HQIC

Medium Countries

United Kingdom1 83 2
FPE, AIC, 

SBIC, 
HQIC

Japan 79 4 FPE, AIC, 
HQIC

France 83 2 FPE, AIC, 
HQIC

1. We fail to reject the null hypothesis of zero cointegrating relationships at the 1% significance level. 
However, we fail to reject the null hypothesis of one cointegrating relationship at the more stringent 5% 
significance level and therefore accept r = 1 as our estimate of the number of cointegrating equations between 
these three variables.
+ For Canada, the majority of the information criteria (FPE and AIC) indicated a lag structure of 4 lags. When 
applying this lag structure, a cointegrating rank of zero was accepted at the 1% level and a cointegrating rank 
of 2 was accepted at the 5% level. Because the NATREX model relies upon a single cointegrating relationship 
between the real exchange rate and its long-run fundamentals, we accept three lags as the appropriate lag 
structure.
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1 Introduction

The political economy of trade policy has been a rich area of theoretical and empirical 
work, primarily due to a wide divergence between what economists identify as welfare-
maximizing approaches and the policies implemented by states.  An important foundation 
of this subject involves individual determination of trade policy preferences, or, on what 
basis people decide whether they support or oppose free trade.  This issue is essential 
when considering the broader sphere of how trade policy decisions are created – occurring 
through methods of aggregating these preferences and requiring an understanding of 
the influence of institutional structures on political outcomes.  We focus on individual 
preference determination, with its latitude for cross-country analysis and interpretation.  
Among other significant implications, a better awareness of micro-level trade attitudes can 
strengthen our understanding of trade policy outcomes,.  

The European Union (EU) is a unique case of free trade integration and supranational 
governance, to a degree that many see as singular in international economic and political 
history.  The EU currently wields powerful force in global economic relations, comprising 
the largest trading unit (of exports by value), with the second-most prevalent currency in 
world financial markets. Born out of the European Coal and Steel Community (ECSC) 
of the early 1950s, further European integration has been driven primarily by promoting 
increased trade among members. Notably, the 1985 Milan summit established the central 
concept of the ‘four freedoms’ – free movement of goods, services, capital and labor.  Though 
entirely free transmittal of these four areas was not immediate, some of the most important 
aspects of integrated Europe still draw straight from these objectives. The Common 
Commercial Policy (CCP), which gives the EU exclusive sovereignty over external trade 
relations, combines the Union’s common external tariff and the single market program.  
Delineated in the Treaty of Rome, the CCP gives the European Commission the authority 
to dictate external trade relations.  Another hallmark of European integration involves the 
free movement of persons, first introduced in 1985 in France, Germany, and Benelux with 
the Schengen Agreement.  Now incorporated into EU law, this entails common Union visa, 
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immigration, and refugee policy. From an economic point of view, this confers a great 
number of benefits on the EU, notably in lowered transaction costs and ease of movement, 
which lead to better allocative efficiency – not only of capital (also promoted by the euro), 
but also of human resources.  

The EU has steadily expanded from the modest size of the ECSC, currently encompassing 
a diverse membership of twenty-seven states.  Enlargement has not only consolidated 
political and cultural strength over the European continent, but has provided members the 
opportunity to gain in global legitimacy and increase their input on the world stage.  More 
significantly, from an economic standpoint, enlargement has the potential to substantially 
benefit both existing and acceding states.  This growth potential stems from an increase 
in a common ‘domestic’ market size, economies of scale, expanded bilateral/multilateral 
investment, and higher levels of competitiveness, among many other positive results of 
policy coordination. The EU’s largest expansion occurred in 2004, when Cyprus, Malta, 
and eight Eastern bloc states joined the Union.  For the ‘new’ Europe, the economic 
opportunities of financial liberalization and markets for trade greatly outweighed the costs 
they faced in conforming to the standards put forth in the Copenhagen criteria that were 
requisites for membership.1 

Accession to the European Union provides a unique opportunity to observe a major 
change in a country’s position in international trade.  Eastern bloc nations were highly 
dependent on European trade before joining, but full membership involves a greater 
deal of economic integration on a number of fronts.  I am interested in analyzing the 
determinants of individual trade policy preferences for several reasons.  First, I hope to 
gain greater insight into the debate regarding motivations for supporting protectionism or 
freer trade.  Do individuals consistently base their attitudes towards trade on their factor 
type or industry of employment, or are other considerations meaningful?  Does this remain 
fairly static over time and location, or can we expect the shock of joining the EU to alter 
individual perceptions of trade?  More specifically, do the benefits of free movement of 
persons and a wider range of potential economic opportunities lead to more empirical 
support for the factor endowments theory of trade?  Using data available from before and 
after the 2004 enlargement, at which point economic integration within the EU had already 
occurred to an advanced degree, I hope to observe any potential effects of membership on 
the determination of trade policy sentiments of individuals in acceding states.  

2 Theoretical Background

There are two primary models of international trade that form the basis for a great deal 
of the political economy work on the subject.  Their major difference lies in the basis 
of division between those who stand to gain or lose from trade. First, in the specific-

1  The Copenhagen membership criteria stipulate that a country must attain “stability of institutions 
guaranteeing democracy, the rule of law, human rights and respect for and protection of minorities; the exis-
tence of a functioning market economy as well as the capacity to cope with competitive pressure and market 
forces within the Union; and the ability to take on the obligations of membership including adherence to the 
aims of political, economic and monetary union.”
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factors or Ricardian-Viner model, factors cannot easily transition across productive uses, 
and therefore stand to gain or lose from trade depending on the sector in which they are 
employed.  This model predicts that factors specific to exported industries will gain from 
increased trade, while factors specific to import-competing industries will be hurt by free 
trade.  From another perspective, the factor-endowments or Heckscher-Ohlin model predicts 
that gains and losses will be determined based on a country’s relative factor intensities.  If 
this theory holds, we would expect to see a country’s relatively abundant factor gain from 
free trade, as the goods whose production is intensive in this relatively abundant factor 
would be exported.  Conversely, goods intensive in a relatively scarce factor would be 
import-competing, and as such this factor would lose from free trade.  The two major 
theories can be distinguished by how winners and losers from trade are “split” – either by 
industry or factor type.  Another important distinction focuses on the mobility of factors.  
The specific-factors model (as its name implies) claims that factors of production are tied 
to particular sectors, while the factor-endowments model makes an assumption of perfect 
factor mobility.  Both models predict that increased trade will have an impact on income 
distribution within a country, and provide clear motivations for particular individuals or 
groups to pursue protectionist policies, even when a society may be better off as a whole 
with freer trade.  

3 Related Literature and Context

The body of empirical work that tests the validity of the factor-endowments and specific 
factors theories does not arrive at definitive consensus. Support for the hypotheses of the 
specific-factors model is borne out in the research of Irwin, Magee, Grossman & Levinsohn, 
Thompson, and Brander, all of who find that capital is specific to particular industries.  The 
results of these studies suggest that there is empirical support for the theoretical predictions 
of the specific-factors model, we should expect that individuals determine their trade 
policy preferences on the basis of their industry of employment, and factors are relatively 
immobile.

The academic findings on this issue are not all one-sided, however.  Scheve & Slaughter 
employ a United States survey that directly asks respondents about their trade opinions.  
Their results indicate that trade opinion is correlated with individual skill level. The factor 
endowments theory explains these results; higher-skilled individuals are a relatively 
abundant factor in the United States, and as such gain more from free trade. Balisteri 
examines a similar Canadian survey, and also finds support for the factor-endowments 
model.  Rogowski, Midford, Kaempfer & Marks, and O’Rourke & Sinnott all find that the 
effect of skill type on trade opinions is related to a country’s relative factor endowments.

This lack of consensus is not entirely unaddressed. A reconciliation of the competing 
hypotheses suggests that perhaps in the shorter run, when factors are less mobile, the 
specific-factors model is more accurate.  When factors are able to move more easily across 
sectors, either because we are considering a longer time frame or for other reasons, we 
should expect trade preferences to align along factor type lines, in accordance with the 
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relative abundance of their endowments in a country.  This conclusion leaves room for 
other research efforts to either consider both the specific-factors and factor endowments 
models in the same study, rather than seeking to prove or disprove a single model, as well 
as including a measure of mobility.

Magee, Davidson & Matusz address the latter in their analysis of political action 
committees and their campaign contributions to candidates that vote for or against efforts 
at trade liberalization. Measuring mobility using an industry employment turnover 
figure, they find that the division between capital and labor is significant in high-turnover 
industries, while low-turnover industries have a more significant difference between 
exporting and import-competing industries.  Though their papers do not address mobility 
directly, Mayda & Rodrik and Beaulieu allow for the possibility of results supporting each 
of the two major theories. Mayda & Rodrik use micro-level global survey data in order 
to identify possible support for the factor endowments and specific-factors predictions.  
They do find that the effect of education (i.e. skill) on support for free trade is related to a 
country’s GDP (the relative abundance of skilled labor).  In addition, their results indicate 
that individuals working in comparative-disadvantage sectors are less likely to support 
free trade, though the impact of association with a comparative-advantage sector is not 
significant.  There remains, therefore, an indication across the three papers mentioned here 
that both theoretical models do hold some empirical validity – though the degree to which 
that is true certainly remains unresolved.  

4 Data and Methodology

We use an individual level cross-country survey to directly observe expressed opinions 
about trade. We focus on the International Social Survey Programme (ISSP)’s National 
Identity I (1995) and II (2003) modules, as these two are the only surveys containing 
explicit questions about trade preferences. Attitudes towards trade are measured based on 
the following question:

“How much do you agree or disagree with the following statement:
[Respondent’s country] should limit the import of foreign products in order to protect its national 
economy.”2

After eliminating the non-responses, we are left with a Free Trade variable, for which 
higher values indicate more support for less protectionist or freer trade policies.  We also 
construct a variable which we name FTdummy, which takes a value of 1 for responses 
“Disagree” or “Disagree strongly” and a value of 0 otherwise. 

Overall, individuals tend to be fairly opposed to freer trade, with about 60% of respondents 
in each round agreeing with limiting the import of foreign products.  Only about twenty 
percent of individuals surveyed in this sample identified with pro-trade attitudes.  Rates 
of Free Trade and FTdummy stay for the most part similar across both iterations of the 
2  Responses could be as follows: (1) Agree strongly (2) Agree (3) Neither agree nor disagree (4) 
Disagree (5) Disagree strongly (8) Can’t choose, don’t know or (9) N/A, refused to answer
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survey, and most countries retain relatively similar positions to each other.  We use years 
of education (education) as a measure of skill, so as to differentiate between higher and 
lower skilled workers. This is interacted with the log of per-capita GDP (edu*gdp) in order 
to capture the effect of higher education in countries with higher GDP levels, which should 
be a measure of the impact of being a skilled worker in a skilled labor abundant country.  
If the factor endowments model is valid, we would expect this interaction term to have a 
positive and significant effect on an individual’s support of free trade (FTdummy).  

Based on the ISSP data set, it is more challenging to test the predictions of the 
specific-factors model.  In order to directly consider this model, it would be ideal to have 
employment sector data, so that this could be identified as either exporting or import-
competing for each country (if traded).  Unfortunately, the closest measure available in the 
ISSP National Identity surveys is the respondent’s occupation.  The majority of countries 
in this survey recorded this data using a version of the International Standard Classification 
of Occupations (ISCO).  Although this data is not in sector form (which would be ideal), it 
is available at a 4-digit classification level, so is a rather disaggregated measure.  Values for 
exports and imports are available at the country level in a number of industry classifications, 
and we use trade volumes from the United Nations Commodity Trade Statistics Database 
in Standard International Trade Classification (SITC) form (Revision 3).  

In order to meaningfully use the occupational data, we create a concordance between the 
ISCO and SITC classifications, to specifically identify the sectors in which each occupation 
was likely to be employed. In some cases, occupational codes were closely associated with 
more than one import/export sector, so we create combination categories where appropriate.  
In other cases there were too many potential industries to meaningfully connect occupational 
codes, while in others approximations were less than ideal. We complete concordance 
mapping for the ISCO-68 and ISCO-88 systems, which include almost identical codes but 
are organized in a different manner.  ISCO classification was a primary limiting factor in 
including observations in my sample, as we are not able to include countries that reported 
occupation in their own classification systems. Based on these limitations, my sample thus 
includes Australia, Austria, Bulgaria, Canada, Czech Republic, Germany (East and West), 
Hungary, Ireland, Latvia, New Zealand, Poland, Russia, Slovakia, Slovenia, and the United 
States. It is important to recognize that this is certainly not a representative sample of 
economies, as it notably excludes developing countries. There is, however, a fairly good 
distribution among “old” and “new” EU members, as well as non-EU states, which hopefully 
will make some comparison meaningful.  Results should not be interpreted to apply to all 
economies; hopefully future social surveys that include trade preference questions will be 
able to achieve a broader global reach.

We assign all sectors a comparative advantage or comparative disadvantage figure based 
on the trade balance for each country in the year in which its survey was conducted. We 
then created three binary variables: CA, taking a value of 1 if the country was a net exporter 
of the associated sector; CD, taking a value of 1 if the country was a net importer in the 
associated sector; and NT, which was scored 1 if the occupation was associated with a non-
traded sector.  Due to the somewhat rough nature of the concordance between occupations 
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and sectors, some reservations are held about this aspect of the model, and results should 
be interpreted cautiously.  However, it is the best approximation to match each observation 
to a sector of traded goods.

Since we will be using a binary dependent variable (FTdummy), we use a probit binary 
response model.3  As such, estimated coefficients of the independent variables in this 
model can be interpreted most meaningfully here as the signs of the partial effects of each 
independent variable on the response probability (here, on the probability of FTdummy 
equaling one). The pseudo R-squared reported throughout is McFadden’s pseudo R-squared.  
We test the predictions of the factor endowments and specific factors models for both the 
NI-I and NI-II data sets, in order to establish baseline results regarding the validity of each 
of these models.  Next, we compare these results to subsets of the data, in order to observe 
any differences between EU member states and non-member states.  

Given that we are using the same data set and general approach as Mayda & Rodrik, 
we predict that we will find strong support for the factor-endowments hypothesis.  We 
also expect that the results will show some alignment with the specific-factors model.  We 
expect the results to be similar in the new round of the National Identity Survey.  We 
predict that there will be differences when we isolate EU members.  Our expectation is 
that there will be a greater magnitude of the edu*gdp interaction term in EU countries 
than in non-members, as the greater mobility of EU individuals will translate into greater 
alignment with the factor-endowments predictions.  We expect an opposite effect in terms 
of the CAdummy – we expect that greater mobility leads to less alignment with the specific-
factors model. We predict that in a sample of countries that were EU members by the time 
NI-II was conducted, this effect will be stronger in the NI-II results.  

5 Empirical Results 

5.1 The Factor Endowments Model
The factor-endowments model predicts that a skill-abundant country will export goods 

whose production is intensive in skilled labor when trading freely (the price of such 
goods will rise, and as such the country will specialize in their production).  The Stolper-
Samuelson theorem predicts that skilled labor in this country will gain from freer trade, 
while trade will hurt low-skilled labor.  This assumes that factors of production (skilled 
or unskilled labor, in this case) are mobile across different sectors.  Here we assume that 
skilled and unskilled labor are the meaningful factors of production.  The measure of skill 
used is years of education (education).  This term is interacted with the log of per-capita 
GDP (edu*gdp) to estimate the impact of being a skilled worker in a skilled labor abundant 
country (a relatively abundant factor).  

Results of testing the factor-endowments model (Table 1) are robust to specifications 
using data from NI-I or NI-II (identical regressions for each iteration of the survey are 
displayed side-by-side for easy comparison).  When introduced alone, education has a 
positive and strongly significant correlation with free trade opinions.  When the interaction 
3  Used for binary response (0 or 1) dependent variables, the probit model estimates P(y = 1 |x) = F(ß0 
+ xß) where 0 < F(z) < 1; F is the standard normal cumulative distribution function.  
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term is introduced, education becomes negative; however, the edu*gdp coefficient remains 
positive.  Both are strongly significant in the NI-I sample, and the interaction term remains 
significant at the 5% level in the NI-II dataset.  This supports the factor-endowments 
hypothesis that in higher-skilled countries (as proxied by log per-capita-GDP), higher 
skilled workers (with more years of education) should be more likely to support freer 
trade.  Additionally, the demographic variables we introduce are significant and have the 
signs predicted in other similar empirical work.  Males are more likely to support free trade 
than females, there is a negative impact of age on the probability of pro-trade sentiment, 
and citizenship in the respondent’s country of residence has a negative and significant 
effect on support for freer trade.  The results of this portion of testing are encouraging, and 
support the factor-endowments model.  Encouragingly, the results we achieve are fairly 
comparable to those achieved by Mayda & Rodrik, an important fact as expanded upon in 
the analysis to encompass the second National Identity survey.

5.2 The Specific Factors Model
My next task is to explore the specific-factors model, which explains that individuals 

gain or lose from trade based on whether they are working in a comparative advantage or 
comparative disadvantage sector.  As such, it predicts that individuals in CA sectors will be 
more likely to support freer trade, while those in CD sectors will be more likely to oppose 
freer trade.  This assumes that individuals are immobile across sectors.  

Table 2 presents results of specific-factors testing.  We measure the effects of CA and 
CD industries in column 1.  This regression for NI-I yields results similar to those found in 
Mayda & Rodrik.  Individuals working in an occupation associated with a comparatively 
disadvantaged sector are less likely to support free trade, with a coefficient significant at 
the 1% level. CA sector is not significantly correlated with pro-trade attitudes; however, 
CD sector has a significant and negative relationship with FTdummy.  In column 3, when 
the relative endowment measure (edu*gdp) is added, the results for NI-I continue to hold.  
Individuals in a comparatively disadvantaged sector are still less likely to be supportive of 
free trade and high-skilled individuals in skill-abundant countries are more likely to be pro-
trade (both significant at the 1% level).  When the regressions are considered for the NI-II 
survey, the results are unfortunately starkly different.  CD sector is negatively correlated 
with pro-trade sentiment, and retains weak significance at the 10% level for regressions 
with and without edu*gdp (columns 2 and 4), but other results are not encouraging.  In fact, 
CA sector displays a negative relationship with FT dummy, significant and inexplicably 
greater in magnitude than CD sector.  (The estimated coefficients of most of my other 
independent variables retain expected signs and roughly similar significances).  At first 
pause, I could not determine an explanation for why individuals in comparative advantage 
sectors not only opposed freer trade, but also were protectionist to a greater degree than 
those in comparatively disadvantaged sectors of the economy. 

Unfortunately, the initial attempted robustness checks do not yield more positive 
results. We attempt to use different combinations of CA sector, CD sector, and NT sector 
in my regressions.  NT sector is not significant in either specification – not an entirely 
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unsurprising result – and in the regression using CD sector and NT sector, leaving out CA 
sector, neither of the included sector variables is significant.  We also run logit and ordered 
probit regressions, but the strange CA sector results persist.  These results therefore do not 
conform to specific-factors model hypotheses (or any broadly accepted model of trade of 
which I am aware).

Though the results received from the CA/CD testing seem illogical, they are not entirely 
inexplicable.  The concordance between occupation and sector classifications is by no 
means entirely accurate, and its limitations may be driving such unfounded results.  We are 
encouraged by the similarity of my NI-I results to those of Mayda & Rodrik, and perhaps 
my approximation is alike to theirs; however, the vast difference between the results my 
concordance achieved in NI-I and NI-II – using the same matching between occupations and 
industries –seriously undermines the validity of my NI-I specific-factors results. Though 
it cannot definitively be stated that my measurement of CA and CD sectors is incorrect, it 
appears given these results that they may not accurately correspond with trade advantage 
or disadvantage for an occupation.

Another potential explanation for these results relates to the existence of two-way trade 
in many industries.  While sectors may be net exporting or import-competing, it is certainly 
the case that particular firms or parts of an industry are affected differently than others 
by trade. It also may not be entirely clear to individuals if they benefit or lose from free 
trade, given that within industries there exist inflows and outflows of many goods.  For 
this reason, we expect that individuals in occupations that exposed to trade are generally 
less likely to support free trade than those who work in non-traded industries.  We test this 
hypothesis by constructing a Traded sector variable, which is set to equal 1 if the sector 
associated with a respondent’s occupation is either a CA sector or a CD sector, and equals 0 
otherwise.  We find that this estimated coefficient is negative and significant, as predicted. 
While this result does not confirm or negate the specific-factors model predictions, it does 
imply that individuals who are exposed to trade – whether positively or negatively – are 
less likely to hold pro-trade opinions.  

Another notable observation is the pseudo R-squared figures for the factor endowments 
and specific-factors models for NI-II.  When testing the factor endowments model, the 
pseudo R2 was calculated at 0.0661.  When the same independent variables were present, 
but CA sector and CD sector were added, pseudo R2 dropped to 0.0634 (Table 3, Column 
4).  This indicates that the model is slightly less explanatory when sector advantage/
disadvantage dummies are included.  This holds when the specific-factors variables are 
used for NI-II without edu*gdp, as pseudo R2 is even lower, at 0.0631.4  For these reasons, 
and the striking differences between the results achieved in the NI-I and NI-II regressions, 
my results cannot definitively support or negate the specific-factors predictions with any 
degree of confidence.  

4  All R2 values are comparable in magnitude with those achieved in O’Rourke & Sinnott and Mayda 
& Rodrik, which I considered my study to most appropriately resemble (similar objectives, data, and models 
used).
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5.3 European Union Accession Effects
We still can test the hypotheses regarding European Union accession effects in the context 

of the factor endowments model. We consider if there is a difference between the degree to 
which factor endowments predict pro-trade attitudes, depending on whether countries are 
members of the EU or not.  We expect that having more education in a high-skill abundant 
country will have a greater marginal effect on the probability of an individual being pro-
trade if they are in an EU member state than if they are not.  In other words, we expect the 
coefficient on edu*gdp to be greater for a subset of EU countries and lower for non EU 
members, based on my belief that the additional mobility afforded to citizens of the EU will 
lead to their alignment with factor endowments model predictions.  

I first begin with a strict criterion for including states in my EU subset: they must have 
joined the EU by the time their NI-II survey was conducted. This only allows me to add 
Poland and Slovakia to those that were members preceding the NI-I survey.  Though the NI-
II survey is officially labeled as ‘2003,’ the Polish survey occurred in 2005 and the Slovakian 
in 2004.  Results (found in Table 3) demonstrate that the variable of most interest, edu*gdp, 
behaves as expected across the three groups.  When we compare results for NI-I, we see 
that the group in which edu*gdp has the largest estimated marginal effect on the probability 
of an individual being pro-trade is the EU group, followed by the total population, with the 
smallest effect in non-EU countries (0.0238 > 0.0182 > 0.0160).  We find similar results for 
NI-II: even though the edu*gdp coefficient is lower overall for this survey as a whole, the 
disparity between EU member and non-member marginal effects grows wider (0.0208 > 
0.0090 > 0.0059).  This is expected – as the countries (Poland & Slovakia) that are part of 
the EU subset join the Union, any ‘EU effect’ on preferences should become amplified. We 
hypothesize that this is due to an increased mobility of factors (particularly human capital), 
but unfortunately we cannot test this more directly.

It is also notable that several other countries acceded to the European Union in the same 
2004 enlargement round as Poland and Slovakia.  Their date of joining is extremely close 
to their survey dates, and the new members in 2004 were responsible for making policy 
changes and striving to achieve economic targets as part of the Copenhagen criteria in 
their candidate process.  Additionally, the lengthy accession process made citizens of these 
countries aware that they would soon be part of the EU.  It is reasonable to expect that 
their attitudes towards trade may have been affected by the same influences as the citizens 
of Poland and Slovakia, newly members for their NI-II surveys.  These countries can be 
considered if we expect that individuals in these countries based their attitudes towards 
trade to some degree on their future prospects.  We repeat the above exercise with an 
expanded EU group, including other states joining in 2004.5

Even using broader criteria for EU members, we achieve similar results.  The estimated 
coefficient for edu*gdp is greater than the overall sample for the EU countries in NI-I and 
NI-II, and the estimated coefficient for non-EU countries is lower than the overall group.  
In addition, the edu*gdp term drops to 5% significance for non-EU members in the NI-I 
regression.  In the NI-II sample, edu*gdp has its highest level of significance (1%) for EU 
5  My broader EU group is Austria, the Czech Republic, Germany, Hungary, Ireland, Latvia, Poland, 
Slovakia, and Slovenia.
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members, and the greatest magnitude.  Its estimated marginal effect on the probability of 
an individual being pro-trade is nearly two times that of the corresponding coefficient for 
the entire sample of countries.  

According to either definition of which countries should be considered EU members for 
the purposes of this survey, we believe that EU membership leads to a greater role for the 
influences of the factor-endowments model on individual trade policy preferences.  In both 
specifications, there is a correlation of greater magnitude in EU countries between more 
years of education in a country identified as high-skilled (higher per-capita GDP) and the 
probability that an individual will be pro-trade, when compared to all countries. 

6 Conclusions

The results of this study suggest that there is support for the factor-endowments theory of 
trade, in particular the income distribution implications of the Stolper-Samuelson theorem.  
We find that individuals are more likely to support freer trade if they are skilled laborers in 
a skilled-labor abundant society.  This result is robust in the ISSP’s NI-I, and continues to 
hold in the newer version of the survey, NI-II. While there appears to be some support for 
the specific-factors model in the NI-I dataset, the results observed in the NS-II round call 
into question the methodology used across both versions of the survey.  I am therefore not 
confident in deriving meaningful conclusions from specific-factors model tests, though we 
do observe that individuals in a trade-exposed sector – whether net exporting or import-
competing – are less likely to support free trade.  We also find that the predictions of factor 
endowments trade theory are particularly strong in EU members, and that the impact of 
education in skill-abundant countries is greater in EU members than non-member countries 
in my sample.  This effect strengthens in the NI-II dataset, as predicted due to the interceding 
accession of states between the surveys.  

The implications of my findings do add to our understanding of individual trade policy 
preference determination, but must be considered in light of the limited sample and data 
constraints.  First, while it is encouraging to see support for the factor-endowments theory 
of trade, which suggests a high degree of factor mobility, my sample is certainly biased 
towards high-income and globalized countries, where this mobility would be expected.  In 
addition, the unique trade position of EU members is an area of interest for future research.  
Though we attempt to avoid some of the difficulties of distinguishing between national 
and supranational competences by focusing my work on the micro-level, we expect that 
the dynamics of Community-level trade policy impact individual trade policy preferences.  
Although this cannot be determined from the data given, it is also interesting to consider 
how individuals in EU countries interpret the trade policy question from the NI surveys.  
This question refers to the respondent’s country restricting imports of foreign products, 
but it is unclear whether they take that to mean their national government or the EU 
Trade Commission.  Another interesting area for future research could involve comparing 
individuals to EU-wide skill levels or comparative advantaged industries; perhaps national 
level trade data is outdated for such an integrated trade bloc. 
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From a political economy standpoint, this research presents valuable insights when 
considering trade policy decisions.  My findings suggest that those individuals who 
constitute a country’s scarce factor will oppose trade.  Though we have entirely focused on 
the individual preferences level of trade policy, these results have clear connections to other 
studies that center on the efforts of interest groups, policymakers, and their interaction with 
government institutions in trade policy formation.  In addition, if trade effects are assumed 
to be a major factor for EU candidate countries, my findings could suggest that opposition 
to the Union should be predicted from a country’s relatively scarce factors.  If we make 
the assumption that individuals base their trade policy preferences on rational decision-
making, we can realistically expect the other implications of the factor endowments to 
present themselves in international trade.  This most notably includes a pattern of trade and 
determination of winners and losers from trade that is based on relative factor abundance.  
The more confidence we have in the empirical support for a particular model of trade – 
here, the factor-endowments model – the more accurately policymakers can forecast the 
ramifications of their decisions.  For the EU, this determination may be more difficult, but 
still remains significant in achieving particular policy outcomes. 
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Selected Tables

Table 1:  Factor Endowments Model
Probit with country dummy variables 1 2 3 4
 NI-I NI-II NI-I NI-II
Dependent variable – FTdummy   
Education (years of education) 0.0679 0.0652 -0.2047 -0.0744

(19.14)** (17.87)** (-3.51)** (-1.25)
Education * gdp 0.0672 0.0344

(4.68)** (2.35)*
Age -0.0044 -0.0036 -0.0045 -0.0036

(-5.99)** (-4.92)** (-6.10)** (-4.95)**
Male 0.2667 0.2685 0.2667 0.2680

(11.73)** (11.63)** (11.72)** (11.61)**
Citizen -0.2241 -0.2731 -0.2230 -0.2689

(-3.45)** (-4.05)** (-3.43)** (-3.98)**
Number of observations 16831 16715 16831 16715
Pseudo R2 0.0757 0.0658 0.0770 0.0661

Notes: Dependent variable is FTdummy, equal to 1 when respondents answered “Disagree” or “Disagree 
strongly” to a question about restricting imports.  Z-statistics are presented in parentheses.  + marks 
significance at the 10% level, * at the 5% level, and ** at the 1% level.  Education is years of education with 
a maximum value of 30. Education*gdp is years of education interacted with each country’s log per-capita 
GDP (PPP). 
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Table 2: Specific-Factors Model
Probit with country dummy variables 1 2 3 4
 NI-I NI-II NI-I NI-II
Dependent variable – FTdummy     
Education 0.0661 0.0638 -0.3313 -0.0618

(15.55)** (16.06)** (-4.58)** (-0.96)
CA sector -0.0556 -0.1914 -0.0692 -0.1949

(-1.25) (-4.40)** (-1.55) (-4.48)**
CD sector -0.1914 -0.0749 -0.2036 -0.0773

(-4.50)** (-1.85)+ (-4.77)** (-1.91)+
Education * gdp 0.0978 0.0309

(5.51)** (1.96)+
Age -0.0028 -0.0025 -0.0029 -0.0025

(-2.98)** (-3.04)** (-3.07)** (-3.11)**
Male 0.3032 0.2732 0.3052 0.2732

(11.49)** (10.88)** (11.56)** (10.88)**
Citizen -0.2706 -0.2236 -0.2686 -0.2192

(-3.48)** (-2.97)** (-3.45)** (-2.91)**
Number of observations 12913 14515 12913 14515
Pseudo R2 0.0763 0.0631 0.0785 0.0634

Notes: Dependent variable is FTdummy. Sectors are characterized as CA if their net exports are greater than 
zero, and CD if their net exports are less than zero.  Individuals are classified as CA, CD or NT (not traded) 
based on their occupational response and its associated sector.  
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Table 3: Strictly Defined European Union Subgroups –Marginal Effects

Probit with country dummy 
variables

National Identity I National Identity II
1 2 3 4 5 6

Dependent variable       
Education (years of 
education) -0.0554 -0.0764 -0.0474 -0.0195 -0.0640 -0.0088

(-3.51)** (-2.42)* (-2.66)** (-1.25) (-1.48) (-0.52)
Education * gdp 0.0182 0.0238 0.0160 0.0090 0.0208 0.0059

(4.68)** (3.07)** (3.63)** (2.35)* (1.99)* (1.43)
Age -0.0012 -0.0008 -0.0015 -0.0010 0.0001 -0.0014

(-6.10)** (-2.22)* (-6.11)** (-4.95)** (0.29) (-6.08)**
Male 0.0726 0.0890 0.0637 0.0710 0.0708 0.0713

(11.72)** (8.31)** (8.46)** (11.61)** (6.27)** (9.81)**
Citizen -0.0658 0.0057 -0.0790 -0.0775 -0.1009 -0.0705

(-3.43)** (0.12) (-3.89)** (-3.98)** (-2.72)** (-3.07)**
Number of observations 16831 6283 10548 16715 5043 11673
Pseudo R2 0.0770 0.0702 0.0787 0.0661 0.0946 0.0543

Notes: Columns 1 and 4 contain the entire sample from their respective surveys.  Columns 2 and 5 display 
the estimations for the strictly defined EU members – any country that was a member of the EU by the time 
that the NI-II survey was conducted in its country.  All other countries are included in Columns 3 and 6.  
Regressions parallel those in Table 4.  Values reported are the estimated marginal effect on the probability of 
an individual supporting free trade (given an increase in the particular regressor), holding all other regressors 
at their mean values. 
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1 Introduction

Founded in August 1967, the Association of South-East Asian Nations (ASEAN) is a 
regional grouping of South-East Asian nations seeking to accelerate economic growth, 
social progress, and cultural development. A key objective of this association is the 
establishment of an economic community with a single market and production base 
exhibiting high levels of integration, and the ASEAN Free Trade Area (AFTA) was started 
in January 1993 as a means of achieving this aim. Additionally, the original signatories to 
the FTA – Malaysia, Singapore, Indonesia, Thailand, Brunei, and the Philippines – sought 
to attract more foreign direct investment through the economies of scale and increased 
global competitiveness generated by AFTA. 

Under AFTA, the primary mechanism of trade liberalization is the Common Effective 
Preferential Tariff (CEPT) scheme, which dictates a lowering of tariff rates on the majority 
of goods originating within AFTA nations to 0-5% by 2008 (with the exception of some 
sensitive agricultural products and temporary exclusions) (ASEAN, 2009).

In its inception in 1993, AFTA was one of several preferential trading agreements (PTAs) 
and free trade areas (FTAs) in various parts of the world, including the US (NAFTA), 
Central and Latin America (ANDEAN, Central American Common Market [CACM], 
MERCOSUR), and Europe (EFTA). The effects of these PTAs and FTAs have received a 
fair amount of attention in the literature, and a range of papers have studied their effect on 
trade flows (Carrere, 2006; Soloaga and Winters, 1999; Aitken, 1993), growth (de Melo, 

This paper examines the effect of the 1993 ASEAN Free Trade Agreement (AFTA) on 
international trade flows. A standard gravity model is employed, and the trade creation 
and diversion effects of the free trade agreement are estimated for a panel of 152 countries 
across 28 manufacturing sectors between 1985 and 1996. In the aggregate, AFTA appears 
insignificant in promoting intra-bloc trade, but boosts member imports from and exports 
to the rest of the world by 34% and 86% respectively. At the disaggregated industry level, 
however, AFTA has varying effects on different industries.

ABSTRACT
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Panagariya and Rodrik, 1993) and welfare (Frankel, 1995) for both member and non-
member nations.

The main findings on the effects on trade flows suggest that intra-regional trade is 
significantly increased upon membership in a regional trade agreement, and this result is 
robust across cross-sectional and panel data analyses. Aitken (1973) finds a cumulative 
growth in gross trade creation arising from the EFTA, while Carrere (2006) and Rose 
(2005) see an increase in trade within RTAs over different regions. More interestingly, 
Carrere (2006) finds significant trade diversion effects, where an RTA results in a decrease 
in imports from non-member countries, and occasionally a decrease in exports to non-
member countries. Saloaga and Winters (1999) also find “convincing evidence of trade 
diversion” in their study of the EU and EFTA.

Studies that pool the overall cross-FTA effect of trade agreements (e.g. Rose, 2005), 
however, do not account for region-specific effects that might bias the coefficient on the 
FTA dummy, and studies that pool the effect of FTAs across industries lose a level of 
understanding of how FTAs differentially impact industries. In the light of these gaps in 
the current literature, this study seeks to examine the effect of AFTA on intra-bloc trade, 
member imports from the rest of the world (ROW), and member exports to ROW. An 
additional level of detail is also achieved through the analysis of these effects at the industry 
level. With this approach, this study augments the current pool of literature by focusing on 
a specific geographical region – South-East Asia – and observing the effects of AFTA at 
the industry level.

The findings here are of importance to AFTA member nations, who would be interested 
in determining if AFTA has been successful in achieving its two-pronged goal of decreasing 
intra-bloc and inter-national barriers to trade and, if so, how their membership in AFTA has 
affected their trading profile. Firms in the manufacturing industries studied here would 
also find the results of this study important for evaluating how their exposure to trade has 
changed with the formation of AFTA. While the results do not reveal the specific impacts 
on labor markets or firm productivity, firms can still gain understanding about the changes 
in the openness of their industry and changes in the import and export profiles of their 
manufactured goods.

The main findings suggest that the success of AFTA in integrating trade in South-East 
Asia is uncertain, and its contribution towards creating a single market is not observed. 
However, AFTA seems to be relatively successful in integrating the markets of its members 
with the rest of the world, increasing both imports from and exports to ROW.

At the industry level, AFTA has mostly been trade creating in terms of member imports 
from the rest of the world, with import diversion observed only in professional and 
scientific equipment. AFTA has also been trade creating for member exports, although 
export diversion towards AFTA is observed for wood products. Finally, while there is intra-
bloc trade creation in some industries, a decline in intra-bloc trade in apparel seems to be 
driving the insignificant effect of AFTA on overall intra-bloc trade.
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2 Data

Bilateral import data was obtained at the industry level from the World Bank Trade 
and Production 2004 Database, and country-pair gravity variable data was obtained from 
Andrew Rose’s 2003 dataset. Once the datasets were merged and missing observations 
dropped, estimates were obtained for 152 countries and across 28 manufacturing sectors 
from 1985-1996, with a total of 551,340 country-pair-industry-year observations. Summary 
statistics are presented in Table 1.

3 Empirical Methodology

In this study, empirical analysis is performed using the gravity model, a commonly 
used framework to study the determinants of bilateral trade flows. This model explains 
variations in the log of trade flows (in this paper, I use ln of imports) across country pairs 
using country-pair specific variables such as the log of distance between the countries and 
log of the GDPs of the countries. For example, one expects a negative correlation between 
the distance between two countries and the volume of their bilateral trade, while GDP 
and trade are likely to exhibit a positive correlation. A basic gravity equation can also be 
augmented with other geographical and cultural variables that might affect trade, such as a 
shared language, common currency, and shared land border – all of which are expected to 
boost trade – or if the countries are landlocked or have a large land area – factors likely to 
reduce trade flows. 

In previous studies, the gravity model has displayed considerable empirical robustness 
and performed well in explaining most of the variation in international trade. Aitken (1973) 
and Winters and Soloaga (1999) apply the gravity model in their analysis of RTAs, and 
Rose (2003) also uses this model in his investigation of the effect of WTO membership on 
international trade.

By providing a “normal” estimate of the determinants of trade flows, the gravity model 
also presents a relevant counterfactual to isolate the effects of a particular variable. In this 
study, by presenting estimates for trade flows in the absence of the FTA, it allows us to 
identify the possible additional effects of the AFTA on bilateral trade flows (Carrere, 2003), 
which include the following: 

First, as AFTA lowers tariffs and other barriers to trade, it creates an integrated trading 
bloc with economies of scale that can attract foreign investment to the region. Consequently, 
one might expect membership in the free trade agreement to be trade creating, increasing 
imports and exports among members and between members and non-members. This is a 
desirable outcome and, indeed, the intended objective of AFTA. The second effect, however, 
may be observed if AFTA nations instead divert their trade away from non-member nations 
to member nations, resulting in a net trade diversion effect.

In this study, the main dependent variable used to measure trade flows is natural logarithm 
of imports. While other studies have utilised an average of imports and exports, or sum of 
imports and exports as a share of GDP, these measures of trade only take into account 
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the changes in the volume of trade flows. By analysing the natural log of imports, I can 
disaggregate the overall changes in trade volumes into changes in exports and imports, thus 
providing valuable information about changes in the direction of trade.

The main independent variables are dummies indicating membership in the ASEAN 
FTA, which allow us to extract information about the trade creation (TC) and trade diversion 
(TD) effects of AFTA for both members and non-members. BothAFTA is a dummy variable 
that equals one when both countries are part of AFTA, and its coefficient captures the 
effect of AFTA on intra-bloc trade, i.e. how is the bilateral trade between ASEAN countries 
affected by their membership in the FTA? This is an important variable to consider in 
light of the ASEAN community’s objectives of lowering barriers to trade and developing a 
common market for production through AFTA. 

ImporterAFTA and ExporterAFTA are measures reflecting the openness of the AFTA 
bloc to imports and exports, and the coefficient on the former – the case where only the 
importer is in AFTA – captures the effect on member imports from the rest of the world 
(ROW), while the coefficient on the latter – when only the exporter is in AFTA – reflects 
the effect on non-member imports from AFTA nations (member exports to ROW). The 
coefficient on ImporterAFTA is important for understanding the diversionary import effects 
of AFTA, where AFTA nations tend to reduce their imports from ROW, preferring instead to 
import from within the ASEAN bloc. Although the terms of AFTA do not explicity raise the 
tariffs on imports from other nations, the preferential status accorded to ASEAN countries 
may cause a shift in demand towards less efficient producers within ASEAN, resulting 
in an overall decrease in welfare and productivity. The coefficient on ExporterAFTA, on 
the other hand, provides information on what Winters (1999) terms “export diversion”. 
Winters (1997) argues that this is important for the welfare of non-member nations, and 
that a negative coefficient would indicate harmful effects of AFTA on the rest of the world.

Year dummies are also included in the regressions to control for year-specific fixed 
effects such as oil shocks, recessions and the business cycle that might affect the level of 
international trade.

The exact specification of the gravity model used is: 

(1) ln(Impijt)  = α + β 1lnDij + β2ln(YiYj) + β3ln(YiYj/PopiPopj)+ β4ln(AreaiAreaj)  
+ β5Landlij + β6Islandij + β7Borderij + β8ComLangij + β9ComColij 
+ β10ComCtryij + β11Colonyij + β12CurColijt + β13CUijt    
+ β14BothWTOijt + γ1ImporterAFTAit + γ2ExporterAFTAjt   
+ γ3BothAFTAijt + δtyr* + εijt

where i and j denote the importer and exporter respectively, t denotes time, and the key 
independent and dependent variables are defined as follows:

•	 Impijt denotes the imports of country i from country j in year t
•	 ImporterAFTA is a dummy variable that equals unity if the importer is a 

member of AFTA
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•	 ExporterAFTA is a dummy variable that equals unity if the exporter is a 
member of AFTA

•	 BothAFTA is a dummy variable that equals unity if both countries in the 
country-pair are members of AFTA

The definitions of the other gravity variables are presented in Appendix 1. 
The gravity model is estimated using ordinary least squares, with standard errors that are 

robust to clustering by country-pairs. The first set of estimates for equation (1) (Table 2) are 
obtained using aggregate values of imports (summed over all manufacturing industries), 
and the data is pooled across all years to obtain estimates of the coefficients in the gravity 
model. While such a cross-sectional analysis is useful to obtain cross country-pair averages 
of the impact of AFTA, this fails to take advantage of all the information available in the 
panel data set. We therefore also obtain estimates using country-pair fixed effects, thus 
controlling for unobserved heterogeneity across country-pairs and reducing the likelihood 
of estimation bias. The estimates from the country-pair fixed effects regressions give an 
estimate of how trade changes on average for a country-pair over time as one or both 
countries join AFTA, compared to the results from the cross-sectional analysis, which gives 
the average difference in trade arising from membership in AFTA, taken across country-
pairs. The fixed effects estimator is therefore a more useful result for nations interested 
in how their own membership in AFTA has affected trade, and will be discussed more 
extensively in this paper.

The second set of estimates disaggregates the data into 25 different industry sectors 
in the World Bank TPP 2004 data set, and results of the coefficients on ImporterAFTA, 
ExporterAFTA and BothAFTA are presented in Table 3 for the country-pair fixed effects 
regressions. The estimates obtained from the cross-sectional OLS regressions are presented 
in Appendix 3. This disaggregation by industry is a novel contribution of this paper, 
and industry level information about the effect of AFTA is important for policymakers 
interested in setting tariff levels and firm owners concerned about how their industries 
have been affected by the changes in tariffs. It may also be possible to observe how trade 
flows have changed (if at all) in tandem with tariff changes in specific industries as outlined 
in the terms of AFTA. Furthermore, disaggregation into specific industries allows one to 
distinguish the main sectors that drive the effect of AFTA on trade, i.e. if AFTA members 
overall trade more with each other, which industry contributes to the largest increase in 
trade, and were there sectors that might have actually exhibited a decrease in trade? 

4 Empirical Results

The trends of intra-AFTA imports, imports to AFTA members from the rest of the world 
(ROW), and imports to ROW from AFTA nations over the 12-year period studied here are 
graphed in Figures 1, 2 and 3. In all three cases, there exists a steady increasing trend in 
the logarithmic value of imports, with the only observable difference around the time of 
the signing of AFTA appearing in Figure 3 – between 1991 and 1992, imports by the ROW 
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from AFTA nations flatten before making a noticeable increase in 1992 and beyond. While 
the trend lines do not seem to present a significant impact of AFTA on trade flows, the 
regression estimates provide a more rigorous estimate of its effects.

The cross-sectional OLS estimates for the gravity variables are highly significant and 
in the expected direction (Appendix 2). Country-pairs that are further apart, have large 
land areas and that include landlocked countries have lower levels of bilateral trade, while 
country-pairs including countries that share a physical land border, are both members of 
the WTO, or have higher levels of GDP have higher levels of trade. This suggests that the 
gravity model is working well and is useful for determining the “normal” estimates of trade 
excluding AFTA effects. The year dummies are also all highly economically significant and 
positive.

Table 2 summarises the coefficients on the AFTA variables, which are all significant 
and positive for the cross-sectional OLS estimates, suggesting that AFTA membership 
increases imports and exports by member nations, both within the bloc and with the rest of 
the world, and therefore has a net trade creation effect. 

When panel data is used to run the cross-country pair fixed effects analysis, the coefficients 
on ImporterAFTA and ExporterAFTA remain positive (though lower than in the cross-
sectional analysis) and significant at the 5% and 1% levels respectively: membership in 
AFTA raises the average member’s imports from ROW by 34%, while raising exports 
by 86%1. This trade creation effect is in general agreement with Winters and Soloaga 
(1999), who in their cross-sectional analyses find a higher propensity of AFTA members 
to trade with the rest of the world (in both imports and exports) in 1995-96 than in 1986-
1988. Carrere (2006), using panel data from 1962-1996, also finds a positive effect AFTA 
members’ exports, but presents a negative impact of AFTA on imports.

The coefficient on BothAFTA, while remaining positive, becomes insignificant once 
panel data is used, indicating that the intra-bloc impact of AFTA may be less important 
than the impact it has on the trade of member nations with the rest of the world. One 
possible explanation for the insignificance of the effect on intra-bloc trade is that the 
existing preference to trade among the ASEAN countries – a characteristic picked up by the 
country-pair fixed effects and possibly arising from the 1977 ASEAN PTA – may account 
for most of the increase in trade between 1985 and 1996. In the literature, the impact on 
intra-bloc trade is ambiguous: Winters and Soloaga (1999) find a negative effect, while 
Carrere (2006) finds a positive effect.

In aggregate, the results suggest that the success of AFTA in integrating trade in South-
East Asia is uncertain, and its contribution towards creating an economic community 
with a single market is yet to be determined (as of 1996). AFTA seems to be relatively 
successful, however, in integrating the markets of its members with the rest of the world, 
with increases in both imports and exports. AFTA members’ commitment to increased 
openness and access to an integrated market with economies of scale may encourage 
foreign trading partners to look to South-East Asia as a center for manufacturing, thus 
explaining the positive coefficients on trade between AFTA and ROW.

To obtain a deeper level of insight into the effects of AFTA, the disaggregated estimates 
1  When γ>0.16, percentage changes are calculated using (eγ – 1) × 100%
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of AFTA membership on imports are presented in Table 3.  We focus on the country-pair 
fixed effects regression and observe the differential impacts that AFTA has on various 
manufacturing industries (Estimates using cross-sectional OLS analysis are also presented 
in Appendix 3.). At the 1% and 5% levels, AFTA member imports of leather products, wood 
products (excluding furniture), and metals have increased by approximately 105%, 108%, 
and 90% upon the creation of AFTA. This represents trade creation as AFTA countries 
expand their trade with countries exporting these products, and it is these industries that 
drive most of the positive and significant effect of AFTA on trade in the aggregate import 
analysis.

There is also a negative and significant effect of AFTA membership on members’ imports 
of industrial chemicals (1%), other chemicals (5%), furniture (10%), and professional and 
scientific equipment (10%), indicating a diversionary effect of AFTA imports away from 
ROW. To determine if this has been substituted by imports from AFTA members, we look 
at the coefficient on BothAFTA to see if reduced imports from ROW are accompanied by 
increased intra-bloc imports. We find that the coefficient on BothAFTA is positive and 
significant for professional and scientific equipment, suggesting that AFTA members have 
shifted their demand towards other members within the bloc – increasing intra-bloc imports 
by 99% - at the expense of decreasing imports from foreign exporters by 38%. While 
this simple analysis indicates trade diversion resulting from AFTA, one cannot make a 
conclusion about the accompanying welfare effects. If imports are diverted to less efficient 
intra-bloc producers due to AFTA, then there is an overall decrease in welfare. However, if 
AFTA allows for economies of scale that make intra-bloc producers more productive, then 
overall welfare might be increased by diverting imports to these producers.

For most industries, the coefficient on ExporterAFTA is positive and highly significant, 
driving the estimates obtained from aggregate import data in Table 2. There are, however, 
negative and significant (1%) impacts on members’ exports to the rest of the world in 
the industries exporting wood products and non-ferrous metals. Members’ corresponding 
imports in these industries are positive and significant, indicating that AFTA may have 
triggered a shift in the production profile of member nations away from wood products 
and non-ferrous materials, so that they tend to import more and export less. There is also 
evidence of export diversion for wood products, as the 55% decrease in AFTA members’ 
exports to ROW is accompanied by a 132% increase in intra-bloc trade in wood products. 

Coefficients on BothAFTA are positive and significant at the 5% level for beverages, 
leather products, wood products, pottery china earthenware, iron, steel, and machinery, 
and at the 1% level for professional and scientific equipment, with increases in intra-bloc 
trade ranging from 80% (for electrical machinery) to 210% (for beverages). While these 
estimates seem to be rather high, one can at least conclude that in these industries intra-
bloc integration is enhanced and the intended results of AFTA are observed. Here, it is the 
methodology of disaggregating observations by industry that allows such an observation 
to emerge: while the aggregate effect of AFTA on trade is insignificant, there are in fact 
significant effects for specific industries within the dataset.

In contrast to the industries that have positive, significant estimates for the coefficient 
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on BothAFTA, the clothing apparel industry is the only sector that exhibits a significant 
(5%) and negative coefficient on BothAFTA, with an 84% decrease in intra-bloc trade 
following the formation of AFTA. This suggests that the insignificance of the coefficient 
of BothAFTA in the aggregate import regression is driven by the negative response of trade 
in apparel to AFTA formation, and is not necessarily reflective of the impact of AFTA on 
trade in all manufacturing sectors. 

This is an important finding in evaluating the results of AFTA, because it would be 
premature to judge AFTA as ineffective because of the insignificant aggregate effect, when 
there are in fact seven industries where AFTA has proven to increase intra-bloc integration.

4.1 Robustness Checks
In order to remove any possible confounding effects of the Asian financial crisis which 

may have affected trade flows and biased the estimates for the coefficients on the AFTA 
membership variables, only data up to 1996 is used in this study.

A separate regression where only Asian countries were included was also performed as a 
robustness check to determine if there are differences in the impact of AFTA on trade within 
the Asian region and globally. The results are presented in Table 4. All the coefficients for 
both the cross-sectional and panel analysis are economically insignificant, suggesting that 
the impact of AFTA on trade within Asia is insignificant, and that most of the effects of 
AFTA arise in the trade of AFTA members with nations beyond Asia.

5 Conclusions
 
The results in this study suggest that the success of AFTA in integrating trade in South-

East Asia is uncertain, and its contribution towards creating a single market is yet to be 
determined. However, AFTA seems to be relatively successful in integrating the markets 
of its members with the rest of the world, increasing imports by 34% and exports by 86%.

A major contribution of this paper lies in the disaggregation of trade flows by industry 
and determining the effect of AFTA at the industry level. While AFTA has mostly been 
trade creating in terms of member imports from the rest of the world, there have been 
diversionary effects for imports of chemicals, furniture, and professional and scientific 
equipment, with trade in professional and scientific equipment diverted to intra-bloc nations. 
AFTA has also been trade creating for member exports, although export diversion towards 
AFTA is observed for wood products. Finally, while there is intra-bloc trade creation in 
some industries, a decline in intra-bloc trade in apparel seems to be driving the insignificant 
effect of AFTA on overall intra-bloc trade.

These findings are important for policy makers to determine the impact of AFTA on 
overall trade and, more importantly, trade at the industry level. Since tariffs are set for 
each industry separately, one can correlate changes in tariffs to changes in trade within the 
industries and therefore assess the effectiveness of AFTA. This study will also allow policy 
makers to target specific industries for trade liberalisation. For example, since declining 
trade in apparel seems to drive the insignificant intra-bloc trade effect of AFTA, policy 
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makers may target more aggressive liberalisation of the apparel industry to fully reap the 
benefits of a free trade area.

Looking ahead, there are several directions for future research in this area. As the AFTA 
is a free trade area targeted for full establishment in 2008, the results presented here only 
represent the effects of the initial years after the formation of the FTA. The expansion of 
the data set to include years after 1996 (taking into account possible confounding effects of 
the 1997 Asian financial crisis) may give a more complete picture of the impact that AFTA 
has had on international trade. Post-1996, Vietnam, Laos, Myanmar, and Cambodia also 
become part of the AFTA. Their membership in AFTA was a prerequisite for recognition in 
ASEAN, which these countries may have sought for reasons other than economic growth. 
This may therefore reduce the endogeneity problem surrounding AFTA membership and 
allow for further analysis.

More detailed tariff information may also allow deeper investigation into the actual effect 
of AFTA, e.g. for the manufacturing industries where tariffs were lowered, did bilateral 
trade in those manufactured products increase?

Future research can lead to greater empirical understanding of the success of AFTA in 
particular, and perhaps provide more insight into the effectiveness of FTAs in general.

References

Aitken, N. D. (1973). The Effect of the EEC and EFTA on European Trade: A Temporal 
Crosssection Analysis. American Economic Review, 63, 881–92.

ASEAN Secretariat. http://www.aseansec.org, retrieved on 10 Mar 2009.

Carrere, C. (2006). Revisiting the effects of regional trade agreements on trade flows with 
proper specification of the gravity model. European Economic Review, 50, 223-247.

De Melo, J., Panagariya, A., and Rodrik, D. (1993). The New Regionalism: A Country 
Perspective. World Bank Working Paper Series No. 1094.

Frankel, J., E. Stein and S. Wei (1995). Trading Blocs and the Americas: The Natural, the 
Unnatural and the Supernatural. Journal of Development Economics, 47, 61–95.

Frankel, J. (1997). Regional Trading Blocs in the World Economic System. Institute for 
International Economics, Washington, DC.

Rose, A. (2005). Do We Really Know That The WTO Increases Trade? American Economic 
Review, 94(1), 98-114.

Saloaga, I. and Winters, L.A. (1999). Regionalism in the Nineties: What Effect on Trade? 
CEPR Discussion Paper Series Number 2183.



CHRIS LIM 123

Figure 1: ln of Total Imports between AFTA Members vs. Year
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Figure 2: ln of Total Imports by AFTA Members from Rest of the World vs. Year
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Figure 3: ln of Total Imports by Rest of the World from AFTA Members vs. Year
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Table 1: Summary Statistics
Variable Obs Mean Std. Dev. Min Max

cty1 551340 237.66 165.34 111 964
cty2 551340 523.25 259.28 112 968
pairid 551340 8348.74 7731.46 765 32585
year 551340 1991.13 3.44 1985 1996
isic 551340 353.29 25.54 311 390
imp 551340 25312.05 340609.00 0.50 47900000
limp 551340 5.33 3.26 -0.69 17.68
ImporterAFTA 551340 0.01 0.10 0.00 1.00
ExporterAFTA 551340 0.04 0.20 0.00 1.00
BothAFTA 551340 0.00 0.04 0 1
landl 551340 0.19 0.41 0 2
island 551340 0.29 0.51 0 2
border 551340 0.05 0.21 0 1
comlang 551340 0.22 0.42 0 1
comcol 551340 0.06 0.23 0 1
comctry 551340 0.00 0.02 0 1
colony 551340 0.04 0.20 0 1
curcol 551340 0.00 0.03 0 1
custrict 551340 0.01 0.07 0 1
lareap 551340 24.68 3.16 9.83 32.20
ldist 551340 8.02 0.92 4.02 9.42
lrgdp 551340 50.41 2.42 38.00 57.89
lrgdppc 551340 17.20 1.30 11.38 19.88
BothWTO 551340 0.73 0.45 0 1
yr85 551340 0.06 0.24 0 1
yr86 551340 0.07 0.25 0 1
yr87 551340 0.07 0.25 0 1
yr88 551340 0.07 0.26 0 1
yr89 551340 0.08 0.26 0 1
yr90 551340 0.08 0.27 0 1
yr91 551340 0.08 0.27 0 1
yr92 551340 0.08 0.28 0 1
yr93 551340 0.09 0.29 0 1
yr94 551340 0.10 0.30 0 1
yr95 551340 0.11 0.31 0 1
yr96 551340 0.11 0.31 0 1
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Table 2: Cross-Sectional and Panel Estimates of AFTA Membership (Aggregated Import 
Values)

Variable Cross-Section Panel
ImporterAFTAit 0.45*** 0.29**

 (0.15) (0.13)
ExporterAFTAjt 1.56*** 0.62***

 (0.08) (0.07)
BothAFTAijt 1.31*** 0.24

 (0.34) (0.16)

Table 3: Panel Analysis of Gravity Model – Disaggregated Industry-Level Imports
Manufacturing Industry Importer

AFTA
Exporter

AFTA
Both

AFTA R2 No. of
Obs.

Food products 0.27 0.10 0.27 0.87 29818
(0.21) (0.07) (0.25)

Beverages -0.31 -0.16 1.13** 0.89 13669
(0.26) (0.13) (0.51)

Tobacco 1.16* -0.24 1.80* 0.85 4500
(0.66) (0.25) (0.94)

Textiles -0.18 0.53*** 0.26 0.89 27516
(0.19) (0.09) (0.21)

Wearing apparel except footwear 0.29 0.01 -0.61** 0.89 24391
(0.24) (0.09) (0.26)

Leather products 0.72** 0.35*** 1.05** 0.87 20086
(0.34) (0.10) (0.42)

Footwear except rubber or plastic 0.03 0.45*** -0.34 0.86 15142
(0.45) (0.13) (0.60)

Wood products except furniture 0.73*** -0.44*** 0.84** 0.89 21996
(0.26) (0.10) (0.43)

Furniture except metal -0.60* 0.29*** 0.02 0.88 17355
(0.34) (0.11) (0.39)

Paper and products 0.03 0.64*** 0.57* 0.88 16650
(0.29) (0.11) (0.31)

Printing and publishing -0.27 0.71*** 0.07 0.90 20649
(0.20) (0.09) (0.23)

Industrial chemicals -0.73*** 0.61*** -0.32 0.87 25524
(0.18) (0.09) (0.24)

Other chemicals -0.38** 0.34*** -0.14 0.88 22994
(0.16) (0.10) (0.17)

Petroleum refineries -0.21 0.26 0.82* 0.81 11438
(0.44) (0.25) (0.46)

Miscellaneous petroleum and coal products 0.13 -0.19 0.77* 0.81 3319
(0.57) (0.33) (0.42)

Rubber products -0.08 0.14 -0.44 0.87 17174
(0.30) (0.09) (0.39)

*** = significance at the 1% level, ** = 5%, and * = 10%
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Plastic products -0.25 0.23** 0.10 0.88 19140
(0.20) (0.11) (0.39)

Pottery china earthenware -0.08 0.72*** 0.84** 0.88 15738
(0.47) (0.11) (0.38)

Glass and products -0.42 0.45*** 0.39* 0.88 16547
(0.28) (0.09) (0.24)

Other non-metallic mineral products -0.20 -0.13 0.36* 0.87 15720
(0.30) (0.12) (0.20)

Iron and steel 0.48** 0.07 0.75** 0.85 16542
(0.23) (0.15) (0.31)

Non-ferrous metals 0.76*** -0.41*** 0.01 0.85 18041
(0.25) (0.16) (0.34)

Fabricated metal products 0.02 0.74*** 0.26 0.90 25577
(0.19) (0.09) (0.21)

Machinery except electrical 0.23 1.31*** 0.56** 0.89 29404
(0.16) (0.10) (0.25)

Machinery electric 0.15 0.89*** 0.59** 0.90 28056
(0.16) (0.09) (0.25)

Transport equipment -0.31 0.69*** 1.00* 0.83 23323
(0.31) (0.12) (0.57)

Professional and scientific equipment -0.32* 0.52*** 0.69*** 0.89 23943
(0.17) (0.08) (0.22)

Other manufactured products -0.33* 0.53*** 0.10 0.90 27088
(0.20) (0.08) (0.23)

Table 4: Cross-Sectional and Panel Estimates of AFTA Membership Coefficients for Asian 
Countries (Aggregated Import Values)

Variable Cross-Section Panel
ImporterAFTAit -0.16 0.36

 (0.41) (0.30)
ExporterAFTAjt 0.44 -0.05

 (0.36) (0.22)
BothAFTAijt 0.27 0.28

 (0.37) (0.26)

*** = significance at the 1% level, ** = 5%, and * = 10%

*** = significance at the 1% level, ** = 5%, and * = 10%
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Appendix 1 Definitions of Gravity Variables

	D is the distance between i and j
	Y is the real GDP (measured in US dollars)
	Pop is the population of the country
	Area is the land area of the country (in square kilometers)
	Landl is the number of landlocked countries in the country-pair (0, 1 or 2) 
	Island is the number of countries in the country-pair that are islands (0, 1 or 2)
	Border is a dummy variable that is unity if the countries in the country-pair share a 

physical border
	ComLang is a dummy variable that equals unity if the countries share a common language
	ComCol is a dummy variable that equals unity if the countries were colonized by the 

same colonizer after 1945
	ComCtry is a dummy variable that equals unity if the entities are the same country, or 

perennial colonies
	Colony is a dummy variable that equals unity if the countries in the country-pair were 

ever in a colonial relationship
	CurCol is a dummy variable that equals unity if the countries in the country-pair are 

currently in a colonial relationship
	CU is a dummy variable that equals unity if the countries are currently part of a strict 

currency union (e.g. EMU)
	Regional is a dummy variable that equals unity if the countries are part of a regional 

trading agreement
	BothWTO is a dummy variable that equals unity if both the countries in the country-pair 

are members of the WTO
	Yr* represents a series of dummies that account for year characteristics for each of the 

years in the sample

Appendix 2 Coefficients on Gravity Variables - Cross-Sectional and Panel 
Analysis (Aggregated Import Values)

Variable Cross-Section Panel
lnDij -1.44*** (dropped)

(0.04)
ln(YiYj) 1.09*** 1.00***

(0.02) (0.20)
ln(YiYj/PopiPopj) 0.56*** (dropped)

(0.03)
ln(AreaiAreaj) -0.12*** (dropped)

(0.01)
Landlij -0.21*** (dropped)

(0.06)
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Islandij 0.27*** (dropped)
(0.06)

Borderij 0.66*** (dropped)
(0.17)

ComLangij 0.55*** (dropped)
(0.07)

ComColij 0.35** (dropped)
(0.15)

ComCtryij -2.03** (dropped)
(1.00)

Colonyij 1.16*** (dropped)
(0.17)

CurColijt 0.97*** (dropped)
(0.18)

CUijt 1.21*** 1.17**
(0.40) (0.46)

BothWTOijt 0.44*** 0.18***
(0.06) (0.05)

yr85 (dropped) (dropped)

yr86 0.03 0.08**
(0.03) (0.03)

yr87 0.12*** 0.25***
(0.04) (0.03)

yr88 0.18*** 0.41***
(0.04) (0.04)

yr89 0.16*** 0.42***
(0.04) (0.05)

yr90 0.21*** 0.51***
(0.04) (0.05)

yr91 0.22*** 0.51***
(0.04) (0.06)

yr92 0.25*** 0.57***
(0.04) (0.06)

yr93 0.13*** 0.49***
(0.04) (0.06)

yr94 0.24*** 0.61***
(0.05) (0.07)

yr95 0.33*** 0.73***
(0.05) (0.08)

yr96 0.31*** 0.75***
(0.05) (0.08)

*** = significance at the 1% level, ** = 5%, and * = 10%
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Appendix 3 Cross-Sectional Analysis of Gravity Model – Disaggregated 
Industry-Level Imports

Manufacturing Industry Importer
AFTA

Exporter
AFTA

Both
AFTA R2 No. of

Obs.
Food products 0.02 1.45*** 1.95*** 0.44 29818

(0.21) (0.11) (0.28)
Beverages 0.12 -0.81*** 0.87 0.39 13669

(0.31) (0.16) (0.54)
Tobacco 1.69* 0.52** 0.65 0.22 4500

(0.87) (0.24) (0.53)
Textiles -0.90*** 0.52*** 0.38 0.51 27516

(0.19) (0.11) (0.34)
Wearing apparel except footwear -1.17*** 1.01*** -1.21** 0.47 24391

(0.29) (0.13) (0.52)
Leather products 0.33 0.13 0.44 0.43 20086

(0.32) (0.12) (0.47)
Footwear except rubber or plastic -0.96*** 1.55*** -1.48* 0.38 15142

(0.36) (0.14) (0.76)
Wood products except furniture 0.42* 2.00*** 0.27 0.33 21996

(0.24) (0.15) (0.42)
Furniture except metal -0.34 2.05*** -0.25 0.47 17355

(0.32) (0.13) (0.39)
Paper and products 1.23*** 0.55*** 1.60*** 0.41 16650

(0.24) (0.14) (0.41)
Printing and publishing -0.48** 1.16*** 1.08** 0.49 20649

(0.24) (0.12) (0.50)
Industrial chemicals 0.53*** 0.15 1.54*** 0.46 25524

(0.19) (0.11) (0.47)
Other chemicals 0.32* 0.30*** 1.87*** 0.47 22994

(0.18) (0.11) (0.39)
Petroleum refineries 1.25*** -0.20 1.48 0.27 11438

(0.44) (0.29) (0.94)
Miscellaneous petroleum and coal products 0.73* -0.56* 0.42 0.41 3319

(0.44) (0.31) (0.53)
Rubber products -0.71** 1.13*** 0.76 0.44 17174

(0.29) (0.12) (0.57)
Plastic products -0.67** 1.67*** 1.53*** 0.45 19140

(0.27) (0.12) (0.33)
Pottery china earthenware -0.16 1.14*** 0.72* 0.42 15738

(0.43) (0.13) (0.43)
Glass and products 0.07 0.85*** 1.46*** 0.47 16547

(0.33) (0.11) (0.43)
Other non-metallic mineral products 0.29 -0.40*** 1.28*** 0.47 15720

(0.29) (0.14) (0.43)
Iron and steel 2.03*** -1.12*** 0.73** 0.39 16542

(0.27) (0.16) (0.36)
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Non-ferrous metals 1.29*** -0.38** 1.26** 0.39 18041
(0.30) (0.19) (0.63)

Fabricated metal products 0.19 1.14*** 1.59*** 0.51 25577
(0.21) (0.10) (0.36)

Machinery except electrical 0.75*** 2.06*** 3.16*** 0.54 29404
(0.16) (0.11) (0.38)

Machinery electric 0.56*** 2.78*** 3.44*** 0.51 28056
(0.18) (0.12) (0.46)

Transport equipment -0.34 0.47*** 1.88*** 0.43 23323
(0.25) (0.12) (0.41)

Professional and scientific equipment -0.16 1.20*** 2.07*** 0.52 23943
(0.20) (0.11) (0.38)

Other manufactured products -0.09 1.33*** 0.60 0.54 27088
(0.30) (0.10) (0.44)

*** = significance at the 1% level, ** = 5%, and * = 10%
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1 Introduction

One of the more puzzling political economy debacles is the propensity of oil producing 
nations to suffer from a number of ills in what is known as the “resource curse.”  Counter to the 
notion that a generous endowment of such a valuable natural resource contributes positively 
to economic growth, many states abundant in oil or other similar resources experience 
lower growth than those who are not, despite the resulting revenue flow.  In addition, states 
that are dependent on oil revenues are commonly associated with authoritarianism, regime 
instability, and corruption. Indeed, much of the empirical literature identifies natural 
resource abundance as a significant contributor to corruption, and several studies point 
out the uniqueness of oil in particular with respect to the phenomenon.  These studies cite 
the capital intensiveness of the oil industry and the tendency of oil states to intervene in 
economic matters act as unique characteristics, among others, that influence corruption 
levels.  Some scholars have posited that states that intervene more in national economic 
issues tend to exhibit higher levels of corruption.  They make this claim on the grounds of 
the theoretical hypothesis that governments with large oil revenues can insulate themselves 
from political demands by engaging in corrupt behavior to appease their populations.  As 
this paper will explore, it could be the case that irresponsible fiscal behavior provides an 
environment in which corruption is more likely to occur.

An area of literature that establishes a connection between large oil revenues and 
a government’s fiscal behavior centers on the theoretical concept of the “rentier state,” 
which broadly refers to countries that receive a significant portion of revenue from 
external rents.  Since states that are dependent on oil exports are some of the most likely 
to display this characteristic, rentier state arguments focus on the consequences of large 
government revenues in those nations in particular.  Studies on this subject similarly cite 
the uniqueness of oil, and also indicate that certain aspects of economic intervention by oil 
state governments, such as taxation and spending, are significant in determining various 
measures of democracy.

While previous work has examined the relationship between oil and corruption, the 



OIL STATES, GOVERNMENT INTERVENTION, AND CORRUPTION132

rentier state literature, offers a unique lens through which to view this relationship.  This 
paper seeks to combine the two perspectives and empirically test certain indicators of 
government intervention as channels through which oil states may exhibit corruption.  It 
will test the hypothesis that government action in the economy meant to appease a state’s 
population, specifically low taxes and high government spending, contributes to higher 
corruption levels.  The paper is organized as follows.  The next section reviews the literature 
in greater detail and develops focused research questions.  Section 3 addresses the issues 
of data and methodology.  Section 4 presents the results and Section 5 discusses their 
robustness.  Section 6 concludes.

2 Literature Review

Much of the earliest literature on the causes of corruption speculates a positive relationship 
between corruption and natural resource abundance.  Both Ades and Di Tella (1999) and 
Leite and Wiedmann (1999) hypothesize that corruption is significantly influenced by the 
presence of rent seeking opportunities, and both identify revenue from natural resources 
as a potential source of high rents.  Ades and Di Tella utilize the percentage of a country’s 
exports comprised of fuel and minerals as a proxy for the prevalence of rents but establish 
no strong consensus as to this variable’s effect on corruption levels.  

Leite and Wiedmann advance this argument, hypothesizing that because capital-intensive 
natural resources such as fuel and ores provide more rent-seeking opportunities than labor-
intensive ones such as food and agricultural products, an abundance of the former will result 
in more corruption. Their empirical research supports the theoretical arguments of Karl and 
Gary (2004), who posit that because oil is the most capital intensive economic activity, 
power and resources in oil states concentrate in the hands of either states or multinational 
companies. They argue that when large oil revenues are accrued directly by the state, a 
development cycle based on rent seeking persists in which all actors seek to establish 
connections with the state in order to derive benefits, legal or illegal, thereby creating an 
ideal environment for corruption.

While theoretical and empirical support exists for a strong link between natural resource 
abundance and corruption, later studies have questioned the robustness of such conclusions.  
Treisman (2000) finds that a higher percentage of fuel, metals, and minerals as exports 
indicate a higher level of corruption, but the significance of this variable disappears when 
he controls for economic development and a measure of democratic stability.  Pellegrini 
and Gerlagh (2007) reach a similar conclusion with respect to natural resources in general.  
The results of these studies suggest that dependency on a natural resource like oil for export 
does not contribute to corruption directly, but through the channels of poverty and weak or 
instable democracy.

Neither study, however, attempts to isolate oil dependency in particular.  Montinola and 
Jackman (2002) develop an indirect, but effective, way to capture some characteristics of 
oil states.  They seek to test the hypothesis that larger governments (or those that intervene 
in the economy most) generate more opportunities for corruption because of their activity 
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in economic affairs.  In addition to controlling for government consumption as a percentage 
of GDP, they include a dummy variable for OPEC members as a proxy for government 
intervention in the economy.  The authors justify this selection on the grounds that all 
OPEC states receive and distribute oil revenues directly through national oil companies, 
and as possessors of large oil revenues, they tend to engage more in national economic 
issues.

Montinola and Jackman (2002) robustly defend a positive relationship between 
OPEC membership and corruption, but find that government size, in general, does not 
systematically affect corruption.  This conclusion provides support for the idea that there 
is, indeed, some unique aspect of oil states that makes them prone to corruption.  The 
authors develop an explanation –  claiming that because oil revenues can substitute for 
direct taxation, leaders in oil states are able to insulate themselves from political demands.  
They suppose that low tax rates give politicians freedom to secure political loyalty, creating 
an ideal environment for corruption.

Theoretical literature regarding rentier states does not specifically address corruption, but 
it offers a similar rationalization for why oil states tend to be less democratic.  Motivated by 
rentier state theory, Ross (2001) empirically tests two channels through which dependence 
on oil may impact democratic accountability.  The first is the “taxation effect,” which 
presupposes that governments deriving sufficient revenue from oil are likely to tax 
their populations less heavily and, as a result, reduce the demand for accountability and 
representation. The second is the “spending effect,” which claims that a government with 
oil wealth can spend more on patronage, which also dampens pressure for democratization.  
His results indicate that lower personal and corporate taxes are associated with oil states 
and with lower levels of democracy, thus validating the taxation effect.  He also finds 
support for the spending effect, observing that that more government spending is typical of 
both oil states and less democratic states.

Previous empirical work clearly establishes a connection between oil and corruption, and 
the above examples indicate that corruption is strongly influenced by the extent to which 
a government intervenes in national economic issues.  Montinola and Jackman (2002) 
theorize that large oil revenues cause corruption because they provide less need for taxation 
and more room for government consumption.  Ross empirically proves that lower taxes and 
higher government spending both decrease the level of democracy.  The goal of this paper 
is to merge the hypotheses of those two works into an empirical study of the relationship 
between oil states, government intervention, and corruption.  More specifically, I seek to 
determine whether or not intervention levels provide causal explanations as to why oil 
states are prone to corruption.

3 Methodology and Data

We use three measures of government intervention to act as channel variables: the 
percentage of government revenue received from state owned enterprises (SOEs), average 
income tax level, and government consumption.  To test these indicators as channels 
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through which oil states and corruption are related, we employ a series of ordinary least 
squares regressions in two stages.  In the first, we determine the effect that oil has on each 
of the channel variables; in the second, we test how these variables individually influence 
corruption levels.

We anticipate that oil states will receive a much higher percentage of government 
revenue from SOEs, for the reason that in most oil states, the overwhelming majority of oil 
ownership and production is concentrated in the hands of national oil companies.  In turn, 
we expect that, regardless of oil dependency, a higher percentage of revenue from SOEs 
will be associated with more corruption.  Establishing this relationship is an important 
empirical precursor to subsequent arguments, because the extent of taxation and government 
spending depends upon the amount of revenue that is accrued directly to the state. 

The predicted effect of tax levels and government consumption on corruption is more 
ambiguous, and this paper seeks to determine whether the taxation and spending effects 
described by Ross (2001) are applicable to oil and corruption.  With respect to the former, 
we expect that oil states will impose lower tax rates on their populations, in conjunction 
with the argument that they have the freedom to substitute oil revenue for tax revenue.  
According to this logic, lower tax levels will be associated with higher corruption because 
governments in such a position are less democratically accountable and therefore, more 
likely to accept bribes or grant favors in return for political support.  To the contrary, 
however, it may be argued that higher tax levels also contribute to more corruption due to 
an increased incentive for tax evasion.  In a cross-country study, we favor the first argument 
because the European countries that maintain some of the world’s highest tax rates also 
demonstrate comparatively low levels of corruption.  

We envisage a similar outcome with respect to the effects of government spending 
on corruption, but this relationship will likely be the most tenuous.  Previous literature 
indicates that oil states’ governments will consume more than other governments because 
of the large revenues they receive, but even this assumption is contentious.  A government 
that receives a large portion of revenue from taxation may be just as likely to exhibit higher 
consumption, especially if such a government imposes taxes in order to redistribute wealth.

The empirical study is based on a panel dataset encompassing 137 countries over the 
five-year period from 1999 to 2003.  Its scope is limited by the data’s availability, quality, 
and accessibility, but the range of countries provides ample opportunity for analysis.  Also, 
the near tripling of real crude oil prices in the specified time period allows for sufficient 
variation of oil revenues across states and over time.  Due to the nature of the primary 
subject of the study (corrupt oil states), there are many countries for which essential data 
are unavailable or unreliable, but excluding them would impose a severe sample bias on 
the panel.  For this reason, several independent variables are derived from less-than-ideal 
indicators so as to maximize potential observations and avoid such a bias.

Data on corruption, the dependent variable, are taken from Political Risk Group’s 
International Country Risk Guide (ICRG), which measures corruption in a country’s 
political system.  Their definition of corruption includes “demands for special payments 
and bribes… excessive patronage, nepotism, job reservations, ‘favors-for-favors’, secret 
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party funding, and suspiciously close ties between business and government.”1  Leite 
and Weidmann (1999) favor the ICRG index for the study of natural resources’ effect on 
corruption because of its emphasis on corruption at the political level, rather than at the 
firm level.

Due to the limited availability of information regarding oil exports, we construct a 
dummy variable to act as our main indicator of oil states so as to have an observation for 
every country-year pair in the sample.  Countries that are categorized as oil states meet 
one of the following three qualifications: (1) the country is a member of the OPEC; (2) 
exports of crude and/or refined petroleum exceeded 500 thousand barrels per day, so long 
as the value exceeded ten percent of total exports; (3) petroleum exports exceeded 30 
percent of total exports.  The purpose of this variable is to include all states that export a 
significant amount of oil but exclude those whose exports are more diversified.  Although 
combining several sources into one binary variable makes for a less predictive measure of 
oil dependency than a variable such as oil exports over GDP, the lack of this data for many 
countries drops a considerable number of observations.  

Data for two of the channel variables, revenue from SOEs, and tax levels come from 
the Heritage Foundation’s Index of Economic Freedom (IEF). The former measures 
the percentage of government revenue a country receives from companies under state 
ownership.  It does not specifically refer to firms in the oil industry, but an advantage of 
the two-stage process outlined above is that it will establish the relationship between oil 
and SOEs.  To measure tax levels, we utilize the IEF’s data on the marginal income tax rate 
applied to the income bracket of the average citizen’s income.  As opposed to top income tax 
rates, this indicator captures the effect of a government’s tax policy on a group that is more 
representative of the population, thus better grasping the taxation effect.  Total tax revenues 
may be a more precise estimator of the taxation effect, but missing data again prohibit the 
use of the most ideal indicator.2  The final channel variable, government consumption, is 
measured by the log of government’s share of GDP, as reported in the Penn World Tables 
version 6.2.  The three channel variables are largely uncorrelated, so we can assume that 
each one measures a different aspect of government intervention in the economy.

Five principal control variables are employed throughout the second stage of regressions 
to account for factors most commonly associated with corruption.  Indicators of wealth 
and institutional quality are included because of Treisman’s (2000) conclusion that natural 
resources only influence corruption through the channels of poverty and instability.  GDPcap 
controls for the per capita gross domestic product measured in current U.S. dollars by the 
IMF’s World Economic Outlook.  In the first stage, we control for regime type using Polity 
IV’s combined measure of authoritarianism and democracy, which we rescale from -10-
10 to 0-10.  Because polity is highly correlated with ICRG’s corruption index, stage two 
regressions instead include ICRG’s index on government stability.  Stability is a 12-point 
scale that accounts for government unity, legislative strength, and popular support; it is 
uncorrelated with the corruption index.
1   PRS Website: http://www.prsgroup.com/ICRG_Methodology.aspx
2   Sensitivity analysis will show, in any case, that using tax revenue as a percentage of GDP produces 
similar results.
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Aidcap measures the amount of foreign aid a country receives relative to its population.  
Depending on a country’s institutional quality, a large amount of foreign aid may provide 
more opportunities for corrupt behavior and improper use of those funds.  Import penetration 
may present similar opportunities as a result of tariff collection (or evasion), so imports as a 
percentage of GDP (Import/GDP) is also included.  The World Bank’s World Development 
Indicators provides ample data for these variables.  FDI inflows were thought to be another 
indicator of rent seeking opportunities, but the variable proved to be insignificant in all 
regressions and was dropped.

Finally, a dummy variable for Middle Eastern countries is included in order to differentiate 
regional qualities from the effects of oil.  While a large portion of countries that we have 
designated as oil states are located in the Middle East, there are several located elsewhere 
and not all Middle Eastern countries are oil states.  Mideast and Oil are uncorrelated.

4 Analysis

We utilize fewer control variables in stage one regressions, as we seek to establish a simple 
relationship between oil and the channel variables.  We estimate oil’s impact on RevSOE 
and AvgIncTax controlling for regime type and per capita GDP, and add tax revenue and 
per capita aid to the equation for lnGovCons.  Regressions are run using an OLS technique, 
employing robust standard errors to account for potential heteroskedasticity (see Table 1 
for results).3

Table 1:  Dependent Variables
 RevSOE AvgIncTax lnGovCons
Independent
Variables

(1) (2) (3)

Constant 28.83
(3.05)

4.581
(1.17)

2.667
(.069)

GDP/cap 0.0426
(.055)

0.536***
(.005)

0.0099***
(.001)

Polity -2.568***
(.364)

0.0061***
(.002)

-0.0099
(.007)

TaxRev 0.0149***
(.004)

Aid/cap 0.0029***
(.001)

Oil 20.34***
(3.24)

-4.245***
(1.02)

0.0336
(.051)

No. Obs 479 657 454

R-squared 0.3863 0.3083 0.2455

As expected, oil states receive a higher proportion of government revenue from SOEs, 
indicating an elevated potential for government intervention (regression (1)).  The high 
3   For all regression results: *,**, and *** indicate significance at the 10%,5%, and 1% levels, respec-
tively.
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economic significance of Oil in this regression helps to validate Ross’s (2001) prerequisite 
assumption that the taxation and spending effects can occur in oil states as a result of the 
large amounts of revenue received from oil.  Our argument assumes that the revenue from 
SOEs in oil states comes largely from oil companies, and this assumption is valid given the 
observation that, at least in OPEC states, all oil revenues accrue directly to the state.

Given the connection between oil states and high oil revenues, the results of the other 
stage two regressions illustrate whether or not there is an empirical basis for the taxation 
and spending effect in these states.  Regression (2) shows that, in accordance with Ross’s 
(2001) hypothesis, oil dependency has a negative impact on the income tax rate imposed on 
the average citizen of a given country.  The result provides evidence for the argument that 
oil states can use oil revenue as a substitute for taxation.  There is little support, however, 
for the argument that oil states demonstrate higher levels of government consumption, 
making it difficult to establish a basis for the spending effect.  Regression (3) yields an 
insignificant coefficient for lnGovCons, as did a number of alternate regressions.

The dependent variable in stage two, though limited to a range of 1- 6, is continuous 
within that range, so we again use the OLS technique, as well as robust standard errors.  All 
control variables described above are included, and the channel variables are introduced 
individually in order to isolate each one’s effect on corruption levels.  Because stage one 
determined oil dependency’s impact on the channel variables, we exclude Oil from the 
regressions at first.  The initial equation for estimating corruption takes the following form, 
where Φ represents the individual channel variable in a given regression:

Corruption = β0 + β1Aidcap + β2GDPcap + β3Imports/GDP + β4Stability + β5Mideast 
+ β6(Φ) + error

Table 2:  Dependent Variable ICRG Corruption Index
 (1) (2) (3) (4)
Constant 1.406

(.223)
1.206
(.238)

1.1254
(.225)

0.3049
(.356)

Aid/cap 0.0019*
(.001)

-0.0001
(.001)

0.0023**
(.001)

-0.0005
(.001)

GDP/cap 0.0655***
(.005)

0.0600***
(.005)

0.0573***
(.004)

0.0667***
(.004)

Imports/GDP 0.0030*
(.002)

0.0053***
(.002)

0.0028*
(.002)

0.0032**
(.002)

Stability 0.0833***
(.025)

0.1177***
(.027)

0.0965***
(.025)

0.0945***
(.025)

Mideast -0.5216***
(.097)

-0.3841***
(.123)

-0.5324***
(.089)

-0.5868***
(.098)

RevSOE -0.0089***
(.002)

AvgIncTax 0.0158***
(.003)

lnGovCons 0.3475***
(.090)

No. Obs 655 465 638 642
R-squared 0.4050 0.4311 0.4299 0.4211



OIL STATES, GOVERNMENT INTERVENTION, AND CORRUPTION138

Before introducing the channel variables, we test the significance of the controls 
independently from the channels.  Regression (1) in Table 2 shows all five to be statistically 
significant: Aidcap and Imports/GDP at the 10 percent level, and GDPcap, Stability, and 
Mideast at the 1 percent level.  For this reason, they are included in nearly all subsequent 
regressions.

The channel variables are added to the equation to determine whether they are inherent 
aspects of oil states that cause them to be corrupt.  This test is possible for RevSOE and 
AvgIncTax because revenue from SOEs and low taxes were found to be associated with 
oil dependency.  Since oil dependency was not a significant contributor to government 
spending, it is inaccurate to assume that high government consumption is unique to oil 
states.  Nonetheless, we run a regression with lnGovCons in order to determine the general 
viability of the spending effect (see Table 2).  As an additional test of the impact of oil 
dependency on corruption, we subsequently add Oil to the three regressions in order to 
observe whether the significance of the channel variables is absorbed (see Table 3).

All three channel variables are statistically significant determinants of corruption, 
independent of whether or not a country is an oil state.  As expected, higher percentage of 
revenue from SOEs leads to higher levels of corruption, as a 10-percentage point decrease in 
RevSOE will cause an improvement of 0.089 on the corruption index.  Even more revealing 
is the fact that when Oil is added to the equation, the coefficient of RevSOE is reduced by 
46 percent.  This considerable decrease indicates that much of the effect that revenue from 
SOEs has on corruption is explained by oil dependency, meaning that one channel through 
which oil states are more corrupt is their tendency to funnel revenues through national oil 
companies.

Without controlling for oil, countries that impose a lower marginal income tax rate on 
their average citizen display higher levels of corruption (see Table 2).  This result alone 
lends support to the existence of a general taxation effect on corruption for all countries, 
but the previous result that oil states tend to tax their populations less makes them more 
likely to exhibit this phenomenon.  In addition, the coefficient on AvgIncTax is reduced by 
more than 15 percent when controlling for oil, which again identifies relatively lower tax 
levels as a channel through which oil states are corrupt.  These results imply that Ross’s 
(2001) taxation effect for oil and democratic accountability is also applicable to oil states 
and corruption.

The initial results for the government consumption variable provide less support 
for the existence of a spending effect.  Without controlling for oil, results indicate that 
government consumption contributes to corruption reduction.  This counters the spending 
effect argument that high levels of government spending reduce the demand for political 
accountability; instead, it better supports the notion that government spending reduces the 
motivation for corrupt behavior.  Furthermore, when controlling for oil, the significance 
of lnGovCons changes by a mere 3.31 percent, confirming the previously established 
conclusion that oil is a poor indicator of government consumption levels.

Still unconvinced of the non-existence of a spending effect, we introduce a variable 
that interacts government consumption with the Oil dummy into the equation.  If oil 
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dependency does not determine government consumption, the fact that the latter variable 
has a positive effect on corruption implies nothing about its validity as a channel through 
which oil affects corruption.  It could be the case that government consumption’s impact 
on corruption is contingent upon whether or not a state is oil dependent.  The interaction 
variable will account for the fact that government consumption may affect oil states and 
non-oil states differently.  In other words, it will show government consumption’s effect on 
corruption for oil states, and in doing so, will better capture Ross’s (2001) characterization 
of the spending effect as a phenomenon of oil states.

Table 3: Dependent Variable: ICRG Corruption Index
  (1) (2) (3) (4)
Constant 1.260

(.235)
1.220
(.222)

0.4060
(.346)

0.8216
(.342)

Oil -0.5575***
(.128)

-0.3514***
(.099)

-0.4724***
(.094)

-0.2462**
(.121)

RevSOE -0.0048***
(.003)

AvgIncTax 0.0134***
(.003)

lnGovCons 0.3360***
(.089)

0.2472***
(.090)

Oil*GovCons -0.0182***
(.007)

No. Obs 465 638 642 567
R-Squared 0.4500 0.4383 0.4372 0.4410

The results of regression (4) in Table 3, nonetheless, provide sparse support for the 
hypothesis.  The negative coefficient on the interaction variable, Oil*GovCons, implies that 
government consumption in oil states is more likely to contribute to corruption but fails 
to surpass the magnitude of lnGovCons alone.  In other words, high levels of government 
consumption are still generally associated with low levels of corruption, and this result is 
only slightly less applicable to oil states.  In fact, when the interaction effect is applied to 
the coefficient on lnGovCons, the difference is a mere 0.07 percent, indicating that being 
an oil state does little to reverse the effect of government consumption on corruption.  
Therefore, the results indicate that the spending effect cannot be applied to corruption in 
oil states.

5 Sensitivity & Limitations

The previous results are subject to a number of robustness checks.  The first relates to 
the validity of the Oil dummy as an indicator of oil dependence.  A preferable alternative 
would measure the extent to which a country is dependent on oil by quantifying oil exports 
as a percentage of GDP or total exports.  The World Bank’s World Development Indicators 
measures fuel exports as a percentage of GDP.  Replacing Oil with this variable in the 
above regressions, however, consistently yields a statistically insignificant coefficient.  
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Faced with the dilemma of choosing between imperfect estimators and incomplete data, we 
elect the former for the main analysis but recognize the limitations that this choice imposes 
on our conclusions.

Despite the limitations in data, we supplement the main analysis using the Oil dummy 
variable by breaking it into its component parts and running separate regressions for both 
crude oil exports as a percentage of total exports (PerCrudeExp – from UN Comtrade) and 
volume, in barrels per day, of crude oil exports (CrudeExpVol – from the EIA).  Although 
the data are incomplete, this alternate method of analysis will provide some insight into the 
different effects of what more accurately represents oil dependence and sheer oil production.

Crude oil exports as a percentage of total exports impacts the channel variables in the 
same way that the Oil dummy did.  This variable has a significant positive impact on 
revenue from SOEs and a significant negative impact on average income tax levels.  Like 
Oil, it is not a significant determinant of government consumption.  The effects of crude 
oil export volume are somewhat opposite; it is an insignificant determinant of average 
income tax levels, but is a significant contributor to government consumption.  Results 
from the stage one regressions indicate that the two components of the dummy variable 
affect government intervention in the economy in different ways, but stage two regressions 
show that both PerCrudeExp and CrudeExpVol have a significant and positive effect on 
corruption.  

Combining the results lends support to the existence of a taxation effect on corruption 
and the non-existence of spending effect, as we had previously found.  The percentage of 
exports composed of crude oil has a more significant impact on tax levels than government 
consumption, and tax levels in turn contribute more to corruption.  Hence, the validity of 
taxation as a channel holds.  In addition, because volume of oil exports has no effect on tax 
levels, the taxation effect is only prevalent when a country is dependent on oil exports as a 
source of revenue.  Although the volume of oil exports contributes to corruption, it is also 
has a positive effect on government consumption, which alone is associated with lower 
corruption levels.  For this reason, we argue that government consumption is not a channel 
through which oil states are prone to corruption and that the spending effect does not apply 
to corruption.

The alternative oil variables allow for fixed effects analysis, which takes into account 
time independent aspects of a country that may contribute to corruption.  Certain factors 
such as colonial heritage, culture identity, religious composition, and regional affiliation 
are likely to be significant determinants of corruption, but are more difficult to control for.  
We apply fixed effects estimation only to the stage two regressions that measure corruption, 
and the results are strikingly different from those of the pure panel data regressions.  
Neither RevSOE nor AvgIncTax are shown to be determinants of corruption, and adding 
PerCrudeExp to the equation increases their significance (before, adding Oil decreased 
their significance).   Although the observations are considerably reduced due to lack of 
data, the result provides little support for those indicators’ validity as channel variables.

Government consumption is the one intervention indicator variable that is significant in 
determining corruption under the fixed effects model, but its sign is opposite from that of 



DANIEL LEONARD 141

previous regressions.  Higher levels of government consumption are associated with more 
corruption.  Furthermore, the significance of this variable is dropped when PerCrudeExp is 
added to the equation.  These results conflict with the previous conclusion that government 
consumption does not act as a channel through which oil states are prone to corruption.

A final set of fixed effects regressions shows that neither PerCrudeExp nor CrudeExpVol 
have a significant effect on corruption levels, and the general trend of insignificant results 
in this analysis has several implications for the overall conclusions of this study.  First, the 
results suggest that some of the time-constant characteristics mentioned above are among 
the most important determinants of corruption in a given country.  When these factors are 
accounted for, most indicators of oil and government intervention that were previously 
significant become unimportant.

Second, and perhaps more notable, the only two variables that are consistently 
significant in determining corruption levels in the fixed effects analysis are per capita GDP 
and government stability.  Such a result is suggestive of Treisman’s (2000) conclusion 
that natural resources contribute to corruption only through the channels of poverty and 
instability, but in this case, a higher GDP corresponds to higher corruption levels.  This 
counterintuitive result occurs in all fixed effects regressions and is one that I find most 
difficult to rationalize.  In general, I am hesitant to take full confidence in the results of the 
fixed effects analysis due to the lower number of observations in these regressions.  It is for 
this reason that we did not use these variables in the main analysis.  Therefore, although 
the fixed effects estimation results do not support the previous conclusions, we do not take 
them to be fully invalidated.

We included two other considerations for robustness.  As mentioned in Section III, a 
more ideal variable to evaluate the taxation effect would be a country’s tax revenue as a 
percentage of either total revenue or GDP, because it would capture the extent to which a 
country is able to replace tax revenue with oil revenue.  We originally utilize AvgIncTax 
instead, again with the goal of maximizing observations.  Despite the missing values for the 
variable TaxRev, we run the regressions using WDI’s measure of tax revenue as a percentage 
of GDP, and the results produce no significant changes to the previous conclusions.

Since previous studies have linked the more general category of capital-intensive natural 
resources as significant determinants of corruption, I would be apt to test whether the 
results are unique to oil states or if countries dependent on other such resources also exhibit 
the characteristics of oil states.  Unfortunately, the most readily available data on other 
resources also come from the WDI, which measures minerals and ores as a percentage 
of GDP, and these data suffer from the same limitations as fuel exports.  As a result, this 
indicator is insignificant in estimating corruption levels as well.

Any empirical study of corrupt states inherently suffers from imperfect data, and mine 
is no exception.  We have taken several steps to account for this fact, and we hold that the 
forthcoming conclusions shed at least some light on the reasons why oil states are prone to 
corruption.  
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6 Implications and Conclusions

An underlying motivation for this study was the anticipation of contributing to the long-
established discussion regarding the existence of characteristics unique to oil states that 
make them prone to a number of economic and political maladies, in this case by studying 
the causes of corruption.  I hoped to determine whether or not Ross’s (2001) taxation and 
spending effects for oil states and democratic accountability also applied to oil states and 
corruption.  Given the results of the empirical section and the limitations mentioned, this 
paper finds support for applying the taxation effect to corruption, but it is unable to suggest 
the same for the spending effect.

According to the results of the main empirical section of this paper, not only are oil 
states corrupt because they receive large amounts of revenue from SOEs, but also because 
of the tendency of those countries to tax their populations less.  It is hypothesized that such 
fiscal behavior promotes corruption because it reduces a government’s accountability to its 
citizens, thereby allowing it to engage in corrupt activity without consequence.  It is also 
hypothesized that high levels of government spending have the same effect on corruption 
in oil states, but main empirical work indicates that the opposite is true.  

Both of the results above hold up to a robustness check that differentiates between the 
effect of oil dependence and that of sheer oil production.  According to this analysis, the 
percentage of exports made up of oil is more significant in determining revenue from SOEs 
and tax levels, and low taxes contribute to higher corruption.  On the contrary, the volume 
of oil exports more accurately predicts government consumption, higher levels of which 
generally contribute to lower corruption.  In addition to providing further evidence for the 
taxation effect and against the spending effect, this analysis indicates that oil exports as a 
percentage of total exports are a more significant contributor to corruption than the volume 
of oil exports.

A principal conclusion of this paper can be extrapolated from these results.  Given that 
oil dependence is a better indicator of corruption that sheer oil production and the fact 
that revenue from SOEs is a consistent channel through which oil states are corrupt, one 
could argue that the source of a country’s government revenue is important in determining 
whether that country is corrupt.  Corruption, therefore, seems to occur more when a large 
percentage of revenues are funneled through national oil companies.

Our conclusions are slightly weakened by fixed effects estimations of the causes of 
corruption.  While average tax rates are an insignificant determinant of corruption in these 
regressions, government consumption is not only significant, but its significance is reduced 
when controlling for oil.  The results support higher government consumption as a channel 
through which oil states are corrupt, providing some support for the spending effect that 
was previously rejected.  Additionally, the results do not support existence of a taxation 
effect for corruption.  For reasons elaborated above, however, the limitations of the fixed 
effects estimation do not lead us to reject previous conclusions.

Finally, the results of this paper also offer ample motivation for further study into the 
relationship between oil and corruption.  First, supplementary efforts could also be made 
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to expand the scope of the panel.  Given that some of the variables utilized in this study 
were manually extracted from various statistical volumes, additional time could allow 
for the inclusion of more years.  As more of these data are released for the most recent 
years, the results using the ICRG index could be compared with other indices such as 
Transparency International’s, which does not measure corruption far enough back in time 
to be considered for this study.  

Second, while we have established three potential channel variables through which oil 
influences corruption, we in no way make the claim that these are the only ones.  In fact, 
controlling for all of the channel variables, oil is still a significant contributor to corruption, 
meaning that further research can identify additional channels.  In particular, a closer 
examination of the time-constant characteristics of a country that influence corruption in 
oil states would supplement the fixed effects analysis presented in this paper.  Given the 
unobservable nature of corruption, however, academic study is likely to ponder the causes 
of this phenomenon for ages to come.
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1 Introduction

Sub-Saharan Africa has been and remains the greatest challenge to economic 
development and improving human well-being, as outlined by the UN’s Millennium 
Development Goals.  Many academics and policy makers cite high trade barriers imposed 
on commodities in which developing countries and SSA countries in particular may have 
a comparative advantage, such as in agricultural and textile products, as one of the main 
obstacles in the way of African development.  This paper seeks to use the 2000 African 
Growth and Opportunity Act to explore the validity of this question not only in terms of 
trade growth but progress in human development as well.

In 2000, the United States initiated the African Growth and Opportunity Act, which 
unilaterally lowered import tariffs for specific non-import-sensitive goods from select 
African states.  The intention of the Act was to foster economic growth by providing 
more access to the large US market.  In order to be eligible for AGOA tariff reductions, 
African countries had to be GSP-eligible:  they had to have established or be making 
continual progress toward establishing market-based economies, the rule of law, protection 
of intellectual property, policies to reduce poverty, and the protection of human rights and 
worker rights, among other requirements. Originally, thirty-four countries were eligible 
to receive the baseline benefits of AGOA, and an additional seven have become eligible 

Sub-Saharan African remains the greatest challenge to human development, as outlined 
by the United Nation’s Millennium Development Goals.  Many argue that this is due to 
high trade barriers imposed by developed countries.  In 2000 the United States sought 
to promote economic growth and development in Sub-Saharan Africa by reducing tariffs 
through the African Growth and Opportunity Act.  This paper examines whether increased 
access to the large US market increased African exports and ultimately affected human 
development in the first few years of the act (2000-2007).  We consider several different 
measures of trade and human development and find that there was no significant effect on 
either trade or human development.  We conclude by proposing several courses for further 
research.

ABSTRACT
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in subsequent years.  In 2001, an apparel provision was added, for which some but not all 
AGOA countries are eligible. 

This paper measures the immediate short-run impacts of AGOA on exports and human 
development indicators in AGOA countries.  Using a difference-in-difference fixed effects 
estimator for year and country, we find that AGOA eligibility had no significant effect on 
exports to the US or on human development indicators, even after examining whether a 
country was LDC or non-LDC and whether or not the country was eligible for textile tariff 
reductions. 

2 Economic Theory

Economic theory predicts that a unilateral increase in market access, especially to larger 
markets, should contribute to poverty reduction in the developing country.  The Hecksher-
Ohlin model predicts that gains to trade should flow to abundant factors of production, 
which in developing countries means unskilled labor.  Reducing tariffs on developing-
country imports in developed countries will increase prices in developing countries and 
increase wages as well.  Since this trade policy is unilateral, it will not increase foreign 
competition but will simply increase domestic competition of the exported goods, thus 
promoting efficiency.  If the gains from this improved efficiency are directed toward 
workers either in the form of training/education, wages, or healthcare, then such market 
access will promote human development.  However, while many economists argue that 
economic growth is a requisite for human development and increasing human welfare in 
areas such as education, health, women’s status, and poverty reduction, evidence of such a 
cause and effect is mixed.  

3 Related Literature

Here we consider the effects of unilateral trade reforms on economic growth in developing 
countries.  Overall, Kraay (2004), Dollar and Kraay (2004) Romalis (2003 and 2006), and 
Ramirez (2002) find that trade liberalization leads to growth and an average reduction 
in poverty.  Romalis (2003) considers a prospective view of the Generalized System of 
Preferences (GSP), and estimates the potential effect on GDP growth in developing regions 
if the US removed tariffs on developing country imports.  He finds that within 15 years 
Eastern Europe would be 2% wealthier, Asia would be 14% wealthier, and Africa and 
Latin America would realize over an 8% increase in GDP.  He finds that his results are not 
driven by a demand increase which would have occurred in the absence of tariff reform.  In 
later research (2006), he estimates that eliminating developed countries’ tariffs would also 
increase growth rates in developing countries by 0.6 to 1.6% per year.  As Kraay suggests, 
a 1% increase in growth may be sufficient for several developing countries to meet MDG1 
and for others to come half-way to one third of the way toward meeting that goal.  As such, 
if Romalis’ estimation is accurate, trade liberalization, either via GSP or AGOA, could 
have very important implications for African growth and human development.  As Dollar 
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and Kraay (2004) demonstrate, since trade promotes growth but has no effect on income 
distribution, trade increases the average income of the poor. 

McCaig further examines the intersection of these two fields of inquiry: can a country 
reduce poverty by gaining access to a rich country?  He does so by looking at the 2001 
US-Vietnam Bilateral Trade Agreement and exploring three channels between the trade 
agreement and poverty alleviation:  increases in wages, reallocation of workers between 
industries, and enterprise job growth. Overall, he finds that for Vietnamese provinces that 
had a higher share of workers employed in industries that received large tariff cuts under 
this agreement, there was a greater proportional drop in poverty. 

Several papers pertaining directly to AGOA have found similar results.  All the research 
on AGOA to date has evaluated the impact of AGOA on exports from African beneficiary 
countries to the United States.  Frazer and Van Biesbroeck (2008) consider this question 
using a triple difference-in-difference estimation, which allows them to control for both 
country and product-level import surges at the time that AGOA took effect (2000).  This is 
important as it allows for different responses conditioned to initial rates of protection.  Their 
results show that AGOA had a large and robust impact on apparel imports to the US as well 
as on agricultural and manufactured goods that qualified for tariff reductions.  Interestingly, 
they find that these import responses grew over time, perhaps as a result of the time it took 
for African countries to adjust to this new policy.  Tadesse and Fayissa (2008) try to sort 
out this relationship by including a variable that measures the number of years elapsed 
since each country started exporting its first product under AGOA (as opposed to when the 
country became eligible for AGOA benefits).  Also importantly, Frazer and Van Biesbroeck 
find that AGOA did not result in trade diversion from Europe, and countries with high 
corruption or poor rule of law were equally able to benefit from AGOA as countries with 
lower corruption/better institutions.  Granted, in order to be eligible for AGOA, these 
countries had to already have achieved a minimum level of institutional quality.  Contrary 
to popular belief that the end of the Multi-Fiber Arrangement in 2005 would undo many 
of the gains from exporting apparel under AGOA, these authors found that AGOA had 
the largest effect on apparel exports in the last two years sampled (2005 and 2006) and in 
general, apparel drives the benefits/export increases of AGOA. 

Tadesse and Fayissa (2008) as well as Brenton and Ikezuki (2004) find that there exists 
a significant post-AGOA increase in exports for only a select number of countries, namely 
non-LDC countries that did not qualify for LDC-GSP benefits (Brenton and Ikezuki 2004).  
South Africa alone accounts for more than half of US imports from AGOA eligible countries, 
and oil imports account for 90% of all AGOA imports, suggesting that these countries 
should also be considered separately (Brenton and Hoppe 2006).  Brenton and Ikezuki 
also conduct product level analysis and find that most increases in exports under AGOA 
have stemmed from product initiation rather than production intensification, suggesting 
that AGOA is successfully encouraging countries to expand into different markets.

However, while this research has revealed important relationships between trade and 
growth, endogeneity problems associated with trade and growth, especially when trying to 
expand into considering the relationship between growth and human capital development, 
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raise concerns about reverse causality.  Acemoglu et al. (2002) find that greater access to 
trade could facilitate growth by inducing countries to adopt institutions that protect property 
rights, and indeed criteria for AGOA eligibility include such conditions as combating 
corruption, establishing a free market, political pluralism and rule of law, protecting US 
intellectual property rights, and respecting labor rights (Seyoum, 2007).  These factors in 
turn may promote growth, regardless of trade status, and may also encourage better trade 
arrangements with other countries.  As such, while AGOA is a unilateral trade policy, it is 
not exogenous and should therefore not be viewed as a natural experiment in the way that 
McCaig and others are able to examine trade policy changes. 

A similar problem of endogeneity and simultaneity bias exists in the cycle of economic 
growth (EG) and human development (HD).  As Remirez et al. (2000) show, a significant 
relationship between public expenditures on health and education is especially important in 
the chain from EG to HD, and the investment rate and income distribution is significant in 
the link from HD to EG.  The necessity of balancing these two chains of development may 
be instructive when considering AGOA’s long-term potential. 

By considering the effect of AGOA on human development indicators (poverty, literacy, 
and life expectancy), this paper transitions between these areas of study (the effect of trade 
on growth and the effect of growth on human development) and look at the effect of trade 
on human development.  The implementation of AGOA provides a good case study of 
specific, quantifiable policy implementation with which to examine this issue.  In this way, 
my paper both stretches beyond previous research on the relationship between trade and 
human development and examines a new facet of AGOA’s success.   To date, little research 
has focused on the effects and success of AGOA in terms of promoting growth, likely due 
to its recent inception in 2000.  No research has examined the effect of AGOA on human 
development.  This paper further expands the data sets used by Tadesse and Fayissa (2008) 
and Frazer and Van Biesbroeck (2008) by including 2007 trade and human development 
data.  Additionally, this paper includes clustered standard errors, for which previous papers 
do not account.  

4 Data

In this paper, we examine the impact of the Act on African exports and US imports from 
African countries.  We then look at whether the Act has affected human development, both 
in absolute terms and in terms of the rate of development.  The primary trade measure 
used in the empirical analysis is aggregate value of US imports from African countries 
and aggregate value of total African exports.  Specifically we use the CIF import value, 
which includes import charges and customs value but excludes US import duties.  This data 
comes from United States International Trade Commission and World Bank Development 
Indicators.  This paper also considers key dependent variables such as adult literacy (as 
percent of adult population), life expectancy at birth, and the Human Development Index, 
all gathered from the 1999-2008 United Nations Development Reports.  The Human 
Development Index measures human development on a scale of 0 to 1 and is a composite 
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of gdp per capita, life expectancy, and adult literacy (For example, in 1980 the US=.892 
and Nepal=.308).  Though by no means a perfect measure of human development, HDI 
is accepted as a rough estimate of a country’s level of human development and capital.  
The primary independent variable is “agoamem”, a dummy variable equal to 1 for years 
when a given country was AGOA eligible and 0 otherwise.  Other information on aid 
per capita, FDI, trade volumes, labor force participation, etc. was gathered from World 
Bank Indicators, data for governance and anti-corruption measures was taken from World 
Bank’s Governance and Anti-Corruption Indicators, and data concerning number of tariffs 
liberalized in manufacturing and agricultural sectors for LDCs versus non-LDCs was 
compiled from USITC and Seyoum 2007.  To understand the effect of AGOA, we use 
panel data on all 53 African countries (AGOA-eligible, non-AGOA, Sub-Saharan African, 
and Northern African) spanning 1996-2007.  (see Table 10).  

5 Empirical Methodology

Countries that were eligible for AGOA membership are likely to differ from ineligible 
countries in both observable and unobservable ways.  For example, in order to be eligible 
for AGOA, countries had to demonstrate that they had established or were making continual 
progress toward establishment of market-based economies and rule of law, elimination 
of barriers to US trade and investment and certain child labor practices, and protection 
of human rights. Clearly these factors that effect AGOA eligibility would likely also 
affect economic outcomes, like trade, regardless of AGOA’s existence.  Some of them are 
observable, while others are not.  An ordinary least squares (OLS) regression allows us 
to estimate the average relationship between AGOA membership and different dependant 
variables of interest such as exports, HDI, adult literacy, or life expectancy for a cross 
section of countries. 

We run these regressions clustering country effects in order to correct for the fact that errors 
for each country-unique observation will likely be correlated with all other observations 
for that particular country.  Clustering also controls for possible heteroskedasticity, which 
will result if the variation in our error term is correlated with the value of our regressors.  
However, this regular (OLS) regression is susceptible to omitted variable bias, and while 
it has the potential to show whether AGOA membership has an effect on exports or 
human development indicators, it cannot answer the question we’re truly examining: does 
the AGOA policy affect exports or human development?  We choose to examine OLS 
regressions, however, in order to examine cross-sectional results in keeping with previous 
studies.  Additionally, while fixed effects estimation will give us a less biased estimate of 
our coefficients compared to running an OLS regression with omitted variable bias, the 
standard errors in fixed effects are also larger due to a decrease in the variation in each x.  
We prefer to avoid large standard errors, as they reflect high uncertainty of our coefficient 
estimates.  Additionally, this method may exacerbate attenuation bias due to measurement 
error, which will bias our coefficients toward zero.

However, in order to address my main question of interest, we use several country-
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year fixed effects regressions, which allows us to “difference out” any unobservable 
characteristics that are constant for each country over time and that might influence 
our dependent variable of interest (US imports, country exports, HDI, literacy, or life 
expectancy), AGOA membership, or both.  We include both country and year fixed effects, 
since it is impossible to know whether more of our unobservable effects are time or country 
invariant.  Again, I cluster the country effects.

(1)   logimportct = b0 +b1agoamemct+ b2yrt* + b3cc +ect
logexports3ct = b0 +b1agoamemct+ b2yrt*+ b3cc +ect
loghdict = b0 +b1agoamemct+b2yrt*+ b3cc + ect
loglifect = b0 +b1agoamemct+b2yrt* + b3cc + ect
literacyct = b0 +b1agoamemct+b2yrt* +b3cc  +ect
c=country identifier
t=year identifier
agoamem= dummy variable for whether a country was AGOA-eligible in year t

The coefficient of interest, b1, captures the average effect of AGOA membership on 
trade and human development outcomes.  The inclusion of country fixed effects absorbs 
unobserved country-specific heterogeneity that may affect the dependent variable outcomes, 
such as strength of institutions, and the year dummies control for macroeconomic shocks 
that would affect all sampled countries in a given year (such as a boom in demand for 
exports produced by all sampled countries).

5.1 AGOA’s Effect on Trade
Before examining whether AGOA membership has had an effect on human development, 

we give a cursory look at whether it has performed as intended in terms of boosting 
members’ exports to the US and thereby enhancing economic growth in these countries.  
We look at regressions with both US imports from the sampled countries and total exports 
from the sampled countries as the dependent variable in order to consider whether 
AGOA membership has resulted in trade diversion, which may ultimately have negative 
implications for the African countries.  Alternatively, AGOA reform may have increased 
exports overall, even if not by a significant amount to the US.  This might occur if AGOA 
encouraged diversification into new industries, as found by Tadesse and Fayisa (2008), 
yet the majority of new goods produced were ultimately exported to a country other than 
the US.  Population and FDI are included as additional regressors, as is standard practice 
in gravity trade models.  Using a dummy variable for whether a country was eligible for 
textile tariff reductions in a given year and an interaction variable (textileactive) of how 
long a country has been eligible for textile benefits and the number of tariff lines reduced 
for that country, further allows us to consider the effect of being eligible for only a baseline 
of AGOA benefits versus being eligible for textile benefits, and whether the extent of textile 
benefits and time for which a country has been eligible for these benefits has an effect on 
exports or US imports from that country. 

logimportct = b0 +b1agoamemct+ b2textilemem +b3textileactive+b4yrt* + b5cc +ect
logexports3ct = b0 +b1agoamemct+b2textilemem +b3textileactive+b4yrt* + b5cc +ect



THE AFRICAN GROWTH AND OPPORTUNITY ACT150

This analysis could be strengthened by looking only at textile imports and exports as 
opposed to aggregate.  By running a similar regression with more detailed trade data, 
Tadesse and Fayissa (2008) did find a significant effect of being eligible for textile benefits 
versus not.

 Last, we examine whether being designated a Least Developed Country (LDC) has an 
effect on imports or exports relative to a non-LDC country, as LDC status determines the 
number of tariff lines that a country may have reduced by AGOA; non-LDCs are eligible 
for greater reductions under AGOA, as LDCs already had lower tariffs from previous 
LDC-GSP status.  Since LDC status is time invariant for 1996-2007 and will therefore be 
dropped in a year fixed effects regression, we create the variable LDCagoa, which interacts 
AGOA membership in a given year with LDC status.  

5.2 Results of AGOA’s Effect on Trade
The simplest regression models, both OLS and fixed effects, include no controls other 

than year dummy variables, and the findings are all insignificant at the 5% significance 
level, both statistically and in an economic sense. (As the confidence intervals for 
these regressions each span 0, lowering the significance level to 90% would not yield 
significant results).  These results remain consistent upon removing outliers:  dropping 
the observations for South Africa, which accounts for more than half of all US imports 
from AGOA countries (Tadesse and Fayissa, 2008), and restricting years to before 2005, 
which is when the Multi Fiber Agreement (MFA) ended, possibly reducing production 
and exports of textiles in Africa, as China brought its manufacturing back home (see Table 
6,7,9).  For the simple regressions, both OLS and fixed effects, that examine the effect 
of AGOA membership on US imports or African exports, the dummy variables for years 
2004-2007 are very significantly positively correlated with the value of imports or exports.  
This may be due to a sharp rise in consumption in general, or specifically due to increased 
demand for oil.  It seems that the correlation is not in fact related to a change in demand 
for oil, as the results are robust to removing oil-producing countries from the analysis (see 
Table 8).  Textile benefits show no significant effect on trade variables, which is perhaps 
not surprising.  Though apparel exports showed the highest growth under AGOA, previous 
research (Shapouri and Trueblood, 2003; Brenton and Ikezuki, 2004) suggests that this 
growth has been limited primarily to only seven countries.  As such, this effect could be 
masked by the nature of the panel data. 

5.3 AGOA’s Effect on Human Development
Turning the focus to whether AGOA membership has affected human development, we 

perform several fixed effects regressions examining membership affect on HDI (which is 
a weighted aggregate of adult literacy and life expectancy at birth) and then adult literacy 
and life expectancy separately, which allow us to consider whether AGOA membership has 
had an effect on literacy in the short run, even if it would take a greater number of years 
to effect life expectancy.  In order to reduce omitted variable bias, we add more regressors 
to the equations in (1) such as aid per capita, gross enrollment in primary and secondary 
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school, log gdp per capita, rule of law, labor force, trade, and government effectiveness.  
Though the inclusion of additional controls such as public and private health spending 

may be desired, as these regressors may have an important effect on production or human 
development, a paucity of data significantly reduced the number of observations, so we 
omit them.  Lastly, we use a country and year fixed effects regression to examine whether 
becoming an AGOA member had an affect on the rate of change in HDI, literacy, or life 
expectancy.  From a policy perspective, this may be even more important than whether the 
policy simply affected levels of human development achievement. 

5.4 Results for AGOA’s Effect on Human Development
The simplest regression models, both OLS and fixed effects, include no controls other 

than year dummy variables, and the findings are all insignificant at the 5% significance level, 
both statistically and in an economic sense.  Again, as the confidence intervals for these 
regressions each span 0, lowering the significance level to 90% would not yield significant 
results.  The same holds true for the more complicated regressions that include multiple 
regressors, with the exception that enrollment and log GDP per capita have statistically 
significant effects on HDI at the 5% significance level.  Specifically, if GDP per capita 
increases by 1%, HDI will increase by .0005, and a 1% increase in enrollment will result in 
a .000016 increase in HDI and a .007 increase in life expectancy, holding all other factors 
constant (see Table 4).  These results remain consistent upon removing outliers, dropping 
the observations for South Africa, which accounts for more than half of all US imports 
from AGOA countries, and restricting years to before 2005, which is when the Multi Fiber 
Agreement (MFA) ended, possibly reducing production and exports of textiles in Africa, as 
China brought its manufacturing back home (see Table 6,7,9). 

6 Weaknesses and Further Research

This paper was somewhat ambitious in seeking to expand upon a topic about which only 
two previous papers have been written.  Additionally, AGOA is still such a relatively recent 
and complex piece of policy, that further efforts to re-examine its effects might be better 
postponed until a few more years have passed, at which time there will be more available 
data, and the policy will have had a longer chance to take affect, not only in terms of 
changing export volumes, but more specifically in relation to affecting human development 
indicators.  However, as it stands, this paper has some shortcomings that could be better 
addressed by more immediate further research. 

First, in considering the effect of AGOA membership on exports to the US, disaggregated 
trade data should be used.  For simplicity, we only used aggregate trade data, even though 
this may disguise industry-specific effects that AGOA may have had.  For example, if 
AGOA raised US imports of corn from Mali, but corn is not Mali’s main export to the US, 
this effect may be disguised by changes in commodities that comprise a greater portion of 
Mali-US trade. We try to account for this by running regressions that examine how eligibility 
for textile benefits affects exports, as Tadesse and Fayissa (2008) showed these countries 
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benefiting the most from AGOA.  However, if textile exports comprise only a small portion 
of exports, the effects could still be disguised.  Tadesse and Fayissa (2008) and Frazer and 
Van Bisebroeck (2008) both use HS-2 product classification when considering the effect of 
AGOA on exports and find robustly significant results.  It seems that these authors clustered 
their standard errors though, which greatly affects the significance of results. 

Second, including a regressor that measures transaction costs associated with 
diversification of commodity production may provide more significant results for 
regressions examining the relationship between AGOA membership and trade variables.  
Research by Rodrik (1998) and Morrissey (2005) suggest that high transport costs and poor 
infrastructure are most responsible for relatively low levels of African trade.  If this is true, 
and Tadesse and Fayissa’s (2008) findings that export initiation of new goods, rather than 
intensification of previously exported goods comprise the majority of AGOA’s effect on 
trade, omitting a measurement of associated costs may bias my findings.  This effect would 
not be accounted for by the fixed effects method if costs of product diversification change 
with AGOA implementation or after a few years’ adjustment periods. 

Finally, in considering the regressions that examine human development outcomes, 
concerns about reverse causality remain prevalent.  Human capital and economic 
productivity tend to operate in closely associated cycles, and without a sound instrumental 
variable, it is difficult to disentangle these effects.  This is especially true with AGOA 
membership, which as previously mentioned, is conditional on such factors as working to 
reduce poverty and increasing availability of healthcare and education opportunities. 

7 Conclusion

This paper attempted to estimate the impact on exports and human development of a 
large, developed country reducing its import tariffs for specific goods from a developing 
country.  We examined this in the context of the African Growth and Opportunity Act and 
found no significant effect on either exports or human development. This paper focused 
exclusively on immediate, short-run impacts of the tariff reform and should be revisited 
once AGOA has had a longer time to take effect and possibly influence human development.  
Re-examining this question with disaggregated trade data may have important implications 
when creating future policy and trying to determine which sectors are most important to 
liberalize for human development purposes.  A significant increase in exports in a sector 
does not automatically indicate an increase in human development for workers in that 
sector, depending on occupational health conditions, wage effects, etc.  Additionally, if 
policy is truly meant to promote growth and development, it must be targeted at those 
sectors in which the developing country has a strong comparative advantage.  For example, 
while agriculture comprises a large percentage of African exports and GDP, it saw little 
tariff reduction under AGOA, perhaps limiting the overall effectiveness of the Act.   These 
considerations must be taken into account when designing future trade-based development 
policy. 
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Tables

Table 1: Results for AGOA Effect (Basic OLS)   
Dependent Variable Coefficient P-Value* R-Squared # Obersvations

Logimport1
                
.0013168 0.999           0.0165 576

Logexports3 . . . .
Loghdi -.0636584 0.405 0.0234 512
Loglife -.0753054 0.203 0.0505 520
literacy 1.772161 0.710 0.0127 493

*Absolute Value
**Including year dummy variables (fixed effects) and clustered standard errors
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Table 2: Results for AGOA Effect (Basic Fixed Effects)  
Dependent Variable Coefficient P-Value* R-Squared # Obersvations

Logimport1 -0.1455409 0.574           0.0161 576
logexports3 -0.0017026 0.989 0.0279 499
loghdi -0.0030283 0.88 0.0151 512
loglife -0.0386727 0.208 0.0504 520

literacy 1.242031 0.651 0.0127 493

*Absolute Value
**Including year and country fixed effects and clustered standard errors

Table 3: Categorical Grouping for LDC and Textile Effects  
Textile Benefits (US imports)
Indpendent Variable Coefficient P-value*
agoamem 0.6087885 0.149
textilemem 0.073646 0.886
textileactive 0.0732706 0.786
R2 0.0111
# Observations 168
Textile Benefits (African Exports)
Independent Variable
agoamem 0.1023183 0.316
textilemem -0.0294252 0.596
textileactive 0.0585602 0.329
R2 0.0246
# Observations 142
LDC vs. NonLDC (US imports)
Indep. Variable
agoamem 0.2380287 0.509
LDCagoa -0.4120617 0.217
R2 0.0239
# Observations 576
LDC vs. NonLDC (Africa Exports)
Indep Variable
Agoamem 0.1070882 0.495
LDCagoa -0.1172974 0.253
R2 0.0293
# Observations 499

*Absolute Value
**Including year and country fixed effects and clustered standard errors

Table 4: Human Development Fixed Effects  
Dependent Variable--> loghdi loglife literacy
agoamem 0.0005958 -0.0386727 1.242031
(p-value) 0.978 0.208 0.651
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fdi 0.00141 0.0013399 0.086242
0.235 0.533 0.267

population -1.27E-08 -2.76E-09 8.38E-08
2.26E-01 0.529 0.744

aid -0.000038 -0.00013 -0.0102306
0.604 0.294 0.399

enroll 0.0039395 . -0.1033768
0 . 0.159

labor 2.70E-08 . .
3.50E-01 . .

loggdp1 0.0922586 0.002031 -1.561691
0 0.905 0.34

rule 0.0205128 0.0476864 3.984166
0.322 0.149 0.09

effect -0.0120296 -0.0042481 -1.740711
0.685 0.871 0.575

trade -0.0003316 -0.0000998 -0.0353777
0.325 0.859 0.191

R2 0.5320 0.0551 0.2250
# Observations 324 331 312

**Including year and country fixed effects and clustered standard errors

Table 5: Effect of AGOA on Rate of Change in Dependent Variables  
Dependent Variable--> ratehdi ratelife ratelit
agoamem 0.0198659 0.0045717 0.0844853
(p-value) 0.161 0.437 0.173
fdi 0.0006113 -0.0011308 0.0054001

0.617 0.076 0.155
population 7.39E-09 -8.05E-10 5.21E-09

0.146 0.405 0.681
aid -3.48E-06 -0.0000741 -0.0000725

0.954 0.29 0.828
enroll 0.0000209 . 0.0004386

0.966 . 0.676
labor -1.81E-08 . -6.91E-09

0.183 . 0.835
loggdp1 0.0648509 -0.011503 -0.0032449

0 0.533 0.921
rule 0.0217068 0.0105789 0.0055069

0.329 0.552 0.93
effect -0.0140897 -0.0020235 -0.0185532

0.5 0.927 0.809
trade 0.0000601 -0.0000882 -0.0011984

0.861 0.666 0.163
R2 0.0139 0.2672 .0081
# Observations 324 330 298

**Including year and country fixed effects and clustered standard errors
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Robustness Checks

Table 6: When Year <= 2005  
Dependent variableà Logimport1 Loghdi Loglife literacy
agoamem -0.1813573 -0.0041446 -0.0424725 1.265638
(p-value) 0.443 0.847 0.185 0.631
fdi 0.0011527 0.0016173 0.0066071

0.362 0.522 0.908
population -1.20E-08 -2.67E-09 1.74E-07

3.24E-01 0.602 0.503
aid -0.0000168 -0.0001421 -0.0745946

0.815 0.302 0.276
enroll 0.004191 . -0.002639

0 . 0.804
labor 2.51E-08 . .

4.58E-01 . .
loggdp1 0.0707339 -0.0048266 -4.065443

0.001 0.859 0.206
rule 0.0135023 0.0514664 2.332188

0.586 0.167 0.294
effect 0.0028532 0.0088227 -0.0642456

0.932 0.757 0.985
trade -0.0003253 -0.0000674 -0.027495

0.375 0.915 0.33
R2 0.5107 0.0547 0.2250
# Observations 282 288 312

**Including year and country fixed effects and clustered standard errors

Table 7: Removing South Africa  
Dependent Variable--> logimport1 loghdi
agoamem -0.1526729 0.0002178

0.559 0.992
fdi . 0.0014276

. 0.233
population . -1.21E-08

. 0.259
aid . -0.0000428

. 0.565
enroll . 0.0039162

. 0
labor . 2.54E-08

. 0.386
loggdp1 . 0.0921639

. 0
rule . 0.0214224

. 0.303
effect . -0.0108632

. 0.718
trade . -0.0003387

0.318
R2 0.0178 0.5245
# Observations 565 317

**Including year and country fixed effects and clustered standard errors
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Table 8: Removing Oil Exporting Countries  
Dependent Variable--> logimport1
agoamem -0.1455409
(p-value) 0.574
R2

0.0161
# Observations

576
**Including year and country fixed effects and clustered standard errors

Table 9: Removing Outliers  
Dependent variableà Loghdi Loglife literacy
agoamem 1.253407 -.0388147 1.253407
(p-value) 0.648 0.207 0.648
fdi . 0860219 . 0013422 . 0860219

0.270 0.532 0.270
population 8.43e-08 -2.76e-09 8.43e-08

0.743 0.529 0.743
aid -.0108082 -.0001222 -.0108082

0.388 0.324 0.388
enroll -.1040398 . -.1040398

0.157 . 0.157
labor . . .

. . .
loggdp1 -1.607341 .0024038 -1.607341

0.324 0.887 0.324
rule 3.95182 .0475391 3.95182

0.094 0.150 0.094
effect -1.694085 -.0045319 -1.694085

0.585 0.863 0.585
trade -.035814 -.0000934 -.035814

0.188 0.868 0.188
R2 0.5253 0.0537 0.2250
# Observations 322 329 310

**Including year and country fixed effects and clustered standard errors



THE AFRICAN GROWTH AND OPPORTUNITY ACT158

Table 10: Summary Statistics

Variable Obs Mean  Std. Dev.. Min  Max
year   636       2001.5      3.45477        1996        2007
ccode   0
life  520     51.81673     10.15443        31.3         73.8
literacy   493     60.56917      19.2272        12.8         91.9
enroll   514     50.50409     18.82699          15           97
gdp1   509     3034.004     3716.759         281        30130
hdi   512     .5026877     .1355229        .252         .853
aid          530     46.94794     52.81853   -11.89064    400.0858
exports2  419     7.563686     19.23431   -45.85616    176.7138
fdi   495     4.678818      9.43067   -13.31348     90.7411
labor   520      6469652      8589886    39866.74    5.27e+07
population  530     1.59e+07     2.27e+07       77319     1.45e+08
trade   499     76.40977     39.50901    17.85861    275.2324
rule    474    -.7051017     .6713486   -2.640676    .9269493
effect   477    -.6917268     .6302116   -2.349166     .881069
manufacture  636     632.6415     642.3026           0         1806
agriculture  636      146.434     225.3525           0          541
entry   444     2000.378     .9411971        2000        2004
textile   288     2001.917     1.039298        2001        2004
tenure   444     6.621622     .9411971           3            7
tenure2   288     5.083333     1.039298           3            6
import1   583     785020.3      2835022           0     3.35e+07
agoamem  636     .4433962     .4971767           0            1
everagoa  636     .6981132     .4594378           0            1
evertextile  636     .4528302     .4981618           0            1
textilemem  636     .2295597     .4208807           0            1
ccode1   636       27       15.3091           1           53
active1   282     3.368794     2.263469           0            7
loggdp1   509     7.534187     .9196881    5.638355    10.31328
logaid   528     3.432575      .966998   -.2342038    5.991679
logexports3  499     20.82946     1.694031      17.064     25.0554
loggdp   515     22.08388     1.567166    18.15228     26.2645
logimport1  576     10.42138     2.918007    1.386294    17.32641
active2   168    -2.083333      2.25982          -6            3
textileact~e  168    -2.285714     1.958072          -6            0
lines   636     779.0755     836.6744           0         2347
LDC         638     .8119122     .3910889           0            1
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Table 11: Descriptive Statistics

obs:           638                          vars:            37                          
  
variable name  variable label
year 
ccode  country name 
life  life expectancy at birth
literacy  adult literacy rate %
enroll  gross enrollment in primary and secondary for <15
gdp1  gdp per capita (UNDP)
hdi  human development index value
aid  aid per capita
fdi  fdi as % gdp
labor  total labor force
population 
trade            trade as % gdp
rule             rule of law
effect  government effectiveness
manufacture  #Manufacturing tariff lines liberalized by AGOA                                          
agriculture #Agricultural tariff lines liberalized by AGOA
entry year of AGOA eligibility
textile Year of eligibility for textiles/apparel benefits
tenure # of years country has been eligible for AGOA (up to 

2007)
tenure2 # years eligible for textile benefits (up to 2007)                                            
import1 US import ($1,000s) 
agoamem 1 if AGOA member during that time, dummy variable
everagoa  1 if ever an AGOA member
evertextile 1 if ever was eligible for textile benefits
textilemem 1 if eligible for textile benefits during that year
ccode1  country code numeric
active1  # years has been in agoa
loggdp1   
logaid  log(aid per capita)
logexports3 
loggdp 
logimport1 
active2  # years has been eligible for textile benefits
textileactive  how long eligible for textile beneftis* # lines reduced
lines  total # tariff lines reduced by AGOA
LDC  1 if LDC
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1 Introduction

Tax evasion, defined as the attempt to decrease the payment of taxes by underreporting 
income, is a serious and widespread problem in Italy.  Estimates of tax evasion (or 
noncompliance) vary, hardly a surprise given the inherent difficulty of calculating income 
that is hidden from or underreported to the tax authorities, but most studies find that 

This paper analyzes the effect of the Studi di Settore (SDS), an Italian policy aimed at 
combating tax evasion, on Italian firms’ income tax declarations.  The SDS is an innovative 
audit strategy that helps tax authorities in Italy to identify possible tax evaders.  It provides 
firms with a tool to estimate “normal” revenues, which becomes a benchmark: if firms 
declare fewer revenues than this benchmark, the probability of audits increases.  Using data 
on income declarations and SDS implementation provided by the Italian revenue agency, 
I test the hypothesis that the implementation of the SDS led to a shift in the distribution 
of returns closer to the benchmark, which in practice becomes an increase in the share 
of returns in the middle-income brackets (for tax purposes), and also led to a decrease in 
share of returns in the low- and high-income brackets.  At first, the results of the empirical 
study confirm my initial hypothesis, but the results are not robust to a falsification exercise, 
indicating that other factors, and not the SDS, might be affecting income distribution.

ABSTRACT
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between 18 and 21 percent of income goes unreported,1 giving Italy one of the highest rates 
of noncompliance among developed countries.  Tax noncompliance varies significantly 
among different types of incomes and taxes.  For example, Bernardi and Bernasconi (1996) 
find that an average of 26 percent of income is underreported for income tax purposes.  
However, while employees evade only 8.5 percent of income, the self-employed and 
business owners evade 62.8 percent.  The estimation of VAT tax noncompliance varies 
between 30 and 40 percent (Bernardi and Franzoni, 2003), with a minimum of 14.6 percent 
noncompliance for industries and a maximum of 58.3 percent for commercial businesses. 

Governments are generally concerned about tax evasion because noncompliance has 
negative effects on equality and on government revenues.  Tax evasion leads to vertical 
and horizontal inequality, since opportunities to evade taxes depend on the taxpayer’s type 
of income and occupation.  For example, the self-employed and the owners of small- and 
medium-sized firms have greater opportunities to evade because government auditing 
of these individuals is more difficult and costly than is auditing of individuals with a 
regular salary.  Moreover, noncompliance leads to decreased government revenues, which 
adversely affects public welfare. 

In the last decade, the Italian government has been keen on increasing revenues by 
fighting the phenomenon of noncompliance.  For the government, therefore, it is imperative 
to understand the factors that drive tax evasion.  In the basic model of noncompliance 
developed by Allingham and Sandmo (1972), they conclude that noncompliance increases 
as tax rates increase, and decreases as the probability of being audited by the tax authorities 
and the fine of evading increases.  Applying this model to the Italian economy, it seems that 
the high rates of evasion in Italy may be due in part to the prevalence of small- and medium-
sized firms, which makes audits harder to conduct.  Accordingly, different governments 
tried to increase the efficiency of fiscal controls by implementing the “Studi Di Settore” 
(SDS), or “business sector analysis” method, from 1998 onwards. 

This innovative method facilitates the tax authorities in the identification of firms who 
are more likely to evade taxes.  Under the SDS, the Agenzia delle Entrate, the Italian tax 
authority, provides firms and the self-employed with computer software with which they 
can estimate “normal” revenues.  What the Agenzia considers to be “normal” revenues 
are average revenues given the underlying characteristics of the firms, such as size of 
the firm, industry, location, number of employees, etc.  This estimate of normal revenues 
becomes a benchmark; if firms declare their revenues to be less than the benchmark, then 
the probability of audits becomes larger.  Conversely, if income declared is above the 
benchmark, the probability of being audited approaches zero.

In my thesis, I empirically test whether the introduction of the SDS led to an increase 
in compliance, as the government intended.  More specifically, I analyze whether the 
introduction of the SDS had an effect on the VAT declarations of small and medium 
firms and of the self-employed.  I expect the introduction of the SDS to have affected 

1  Chiarini and Marzano (2007) calculate tax evasion to be around 18% of income. According to a 
study conducted by Krls Network of Business Ethics for the Associazione dei Contribuenti Italiani (As-
sociation of Italian Taxpayers), instead, 331 billion Euros were not reported in 2008, which is equivalent to 
approximately 21% of GDP.
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income declarations as follows: firms who previously were underreporting their income 
and declaring less than the benchmark should now declare a higher revenue, while those 
that were above it have more incentives to evade.  Therefore, I test whether the shape 
of the income distribution changed after the SDS was implemented, expecting returns to 
significantly increase in the middle-income brackets, and to decrease at the two extremes.  
The expected effect of the SDS is shown in Figure 1. 

In order to test this hypothesis, I use data on the implementation of the SDS method and 
on income declarations.  The dataset on income declarations was provided directly to me by 
the Agenzia delle Entrate. It consists of data on nominal aggregate income brackets of VAT 
returns, divided by type of economic activity (or industry), for the years 1996 and 1998 to 
2005. For example, a certain observation in 1999 (year) might have 2000 firms (returns) 
declaring between 0 and 2500 Euros (bracket) of income in the bread manufacturing 
industry (activity). 

At first, the results of the empirical analysis confirm my hypothesis.  In my basic regression 
model with and without fixed effects, the implementation of the SDS is correlated with 
an increase in the percentage of returns (or income declarations) in the middle-income 
brackets, and with a decrease in the low- and high-income ones.  However, after controlling 
for the possibility that each activity might have a different income distribution, the previous 
results do not hold.  Finally, I conduct a falsification test in order to check the robustness of 
my results. Unfortunately, the results of the falsification test contradict my prior findings.  
Thus I am forced to conclude that the SDS did not have the expected significant effect on 
income declarations. 

The reasons for which the results obtained in my empirical analysis do not support 
my hypothesis are varied.  First of all, in the late 1990s, the Italian government not only 
introduced the SDS, but it also improved other the fiscal auditing procedures.  All these 
improvements might have led to the change of the distribution of income declarations, 
as shown in my empirical analysis.  Moreover, the availability of only a few, fairly 
wide income brackets might make it difficult to observe the expected change in income 
distribution, as the SDS affects each firm at a different income level.  For this reason, the 
use of disaggregated data would have significantly improved my analysis.   Lastly, the SDS 
simply might not have affected firms’ reporting behavior.

This paper is organized as follows.  Section II presents some basic background on the 
Italian economy and on the functioning of the SDS.  Section III reviews relevant papers 
on tax evasion, in both the United States and Italy.  Section IV describes the data used in 
the study, while Section V describes the methodology utilized to study the effect of SDS 
in income declaration.  Finally, Section VI provides the empirical results and concludes.

2 Background Information 

The Italian tax system is comprised of a variety of taxes.  Among them, the most 
important ones are the income tax, the corporate income tax and the Valued Added Tax 
(VAT).  The VAT is a consumption tax levied on all goods and services consumed in Italy, 
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at a typical rate of 20 percent.2  The equivalent of the VAT in the United States is the sales 
tax.  However, while the sales tax is levied at the moment of purchase of the final good, 
the VAT is levied on the value added at each stage of production and exchange of goods 
and services.  Hence firms pay VAT on the materials they need for production and receive 
VAT payment for the goods produced.  At the end of each month, they have to declare VAT 
paid and received, as well as revenues, costs and income (or profits).  The government then 
calculates the amount of VAT that each firm has to pay, and settles the differences.  Not 
only do firms have to provide governments with monthly VAT declarations, but they also 
have to provide yearly VAT and income declarations.

Despite the mandatory frequent income declarations and the use of invoices to reinforce 
the system, VAT noncompliance is extremely high.  One of the possible explanations for 
this high evasion rate is the peculiar organization of the Italian economy.  In fact, 81.5 
percent of Italian firms have 250 employees or less.  When compared to other European 
countries, Italy has the highest percentage of small or medium enterprises (SMEs): the only 
other countries that display a similar economic structure are Spain and Portugal, with 79.1 
and 80.9 percent respectively (Arachi and Santoro, 2007).  In comparison, SMEs comprise, 
on average, 67.1 percent of all firms in the European Union (EU). 

Although the relationship between firm size and evasion is still debated, studies conducted 
on the Italian economy have found an inverse relationship between these two variables.  
According to Arachi and Santoro (2007), a “smaller firm with a simpler organizational 
structure will evade more than a larger firm in relative terms.”  Smaller firms are able to 
evade at higher rates because auditing by the tax authorities is more difficult for this type 
of firm, given the fact that the issue of invoices is hard to mandate and control.  Hence, 
after an improvement of the auditing process, we would expect tax compliance to increase, 
particularly among smaller firms. 

In 1993, a new law aimed to increase tax compliance by introducing the concept of 
Studi di Settore (SDS), or “business sector analysis,” to be implemented from 1998 
onwards.  The SDS was intended to help the tax authorities to detect anomalies in income 
tax and VAT declarations, and hence identify probable tax evaders.  The SDS estimates 
the ability of each firm or business activity to produce revenues.  The methodology used 
in the SDS is as follows. First, questionnaires are sent to all taxpayers who own a business 
activity.  These questionnaires ask for information on the structural characteristics of the 
firms, on their location, and on their revenues.  For example, firms have to declare the 
number of employees, the machinery necessary to production, the size of the building in 
which it operates, etc.  This information is then used to identify cluster groups, which are 
groups of businesses that present homogeneous structural characteristics.  Subsequently, 
a multiple regression model is developed, where the dependent variable is revenue and 
the explanatory variables are the firm’s structural characteristics.  The coefficients of the 
explanatory variables resulting from this regression analysis are then utilized to derive a 
mathematical function to estimate revenues, given all the characteristics of the firm and its 
location.
2   On some goods and services, the VAT rate is lower. For example, necessity goods are taxed at only 
4%, while the tourism sector is taxed at 10%, since it is considered vital for the Italian economy. 
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The results of this statistical analysis are then included in a software package called 
Ge.Ri.Co, which is available for download by all taxpayers who own a business activity, 
and whose revenues are lower than approximately five million euros. Through this 
software, taxpayers can determine whether the revenues declared in their income and VAT 
declarations are “adequate,” in comparison to the revenues estimated by the software.  If 
the taxpayers’ declarations result is deemed not to be adequate, they can either adjust their 
declarations to the estimated revenue (or benchmark), or they can remain in a non adequate 
status and submit taxes using the original declaration.  Whenever revenues are deemed to 
not be “adequate” in comparison to the benchmark estimated by Ge.Ri.Co, the probability 
of audits by the tax authorities is increased.3  

3 Literature Review 

Academic interest in tax evasion has always been substantial.  The most influential 
theoretical model of evasion is the one developed by Allingham and Sandmo (1972).   
They assumed taxpayers to be rational individuals, who optimize their expected utility 
of noncompliance, after taking into account the costs that they would bear if audited and 
fined.  They posited that noncompliance should be positively correlated with tax rates, 
and negatively correlated with the probability of audits and the penalty incurred if found 
guilty.  Other economists have disputed the notion that the low noncompliance rates can be 
fully explained by the rational utility maximization model, as tax evasion appears to be not 
only affected by tax rates, penalties, and auditing rates, but also by the perceptions of and 
attitudes towards evasion (Slemrod, 2007).

Empirical studies of evasion are difficult to conduct because evasion is by its nature 
hard to measure.  Existing studies have focused both on estimating the extent of evasion 
and on testing whether evasion conforms to the predictions of various theoretical models, 
such as the ones mentioned above.  Economists have developed different methods of 
calculating estimates of the extent of tax evasion.  To date, three main methods to estimate 
noncompliance have been developed: the monetary, the direct, and the indirect methods.

The monetary method, first introduced by Gutmann (1977) and Freige (1979), calculates 
discrepancies between income declarations and currency demand, as underreported 
economic activity is assumed to take place in cash.  The monetary method, however, 
is not very accurate since it relies on various assumptions about the economy that are 
implicit in the model of currency demand.  The most reliable method, but also the hardest 
to implement, is the direct method.  This method involves studying actual tax returns, 
which were audited by the tax authorities, and the results of these audits.  The pioneer 
in this method was Clotfelter (1983), who used data from the IRS Taxpayer Compliance 
Measurement Program (TCMP) to estimate evasion.  However, since this type of data is 
available only in the United States, utilizing this method is practically impossible in other 
countries. 

Because of the aforementioned difficulties in calculating noncompliance, the indirect 
3   Information about SDS methodology and implementation is obtained from the Agenzia delle En-
trate guide on the “Studi di settore” (2008) and from Perinetti (2005).
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method was developed.  In this method, tax evasion is estimated by calculating the 
discrepancy between national accounts data on income and the income declared to the 
tax authorities.  Studies utilizing this method are numerous, given the relative easy access 
to data.  For example, a study conducted by Engel and Hines (1999) utilizes the indirect 
method in order to analyze the effect of fines and penalties on tax evasion in the United 
States. 

As in the empirical literature more generally, economic studies of noncompliance in Italy 
are divided into two main categories.  The first group of studies uses the aforementioned 
methods to estimate evasion in Italy.  The second group of studies, fewer in number, 
analyzes which characteristics affect evasion, in order to suggest possible ways to decrease 
this phenomenon.  I will discuss both areas of the literature in the rest of this chapter. 

Given the inaccurate results obtained by using the monetary method, most studies in 
Italy have focused on the use of the direct and indirect methods.  However, studies utilizing 
the direct method are scarce, since data on tax audits are difficult to obtain in Italy.  Zanardi 
(1996), among the few to use the direct method, analyzes tax returns of firms and the 
self-employed audited between 1987 and 1995.  He finds that 84.3 percent of the audited 
taxpayers had declared income to be lower than it actually was, declaring on average 55.3 
percent of actual income (Bernardi and Franzoni, 2003). 

One of the most influential studies utilizing the indirect method is that of Bernardi and 
Bernasconi (1996).  By calculating the discrepancies between national income and tax 
returns data, the authors are able to estimate both overall tax evasion and tax evasion on 
VAT, income taxes, and capital gains taxes.  They estimate noncompliance by the self-
employed to be higher than 40 percent on all three types of taxes.  Other studies conducting 
similar analyses are Convenevole (1995), Bernardi (1996), and Sogei (1999), who find 
results similar to those of Bernardi and Bernasconi (1996): VAT noncompliance is estimated 
to be between 33 and 40 percent.4 

Chiarini et al. (2008) is among the few studies that attempt to explain the factors which 
affect noncompliance.  They use data on VAT noncompliance from the Agenzia delle 
Entrate to study the relationship between tax burden and tax evasion.  They find that average 
fiscal pressure is the factor that drives long run tax evasion, which converges to a stable 
equilibrium.  Moreover, they find that whenever “a new reform or a tool comes into the 
system and generates disequilibrium, this is rapidly learned by the evaders and removed.” 

In another study, Convenevole and Pisani (2003) use the indirect method to analyze 
the effect of audits and economic cycles on VAT tax evasion.  The authors conclude that 
higher tax rates have a positive effect on evasion, while audits have a negative impact.  Tax 
amnesties, which are defined as time-limited opportunities to pay a sum in exchange for 
forgiveness for tax liabilities, have an insignificant effect.  According to the authors, the 
increase in VAT compliance in the 1990s is due to many improvements of the fiscal system 
such as the introduction of the SDS method from 1998 onwards.  

The SDS method, although being an innovative methodology to improve auditing 
4   See Bernardi and Franzoni (2003) for a thorough survey of the results obtained from these studies.  
For more recent studies utilizing the indirect method, see also Pisani and Polito (2006), Marigliani and Pisani 
(2006), and DiLorenzo (2007).
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procedures, has not received particular attention in the academic literature.  Most of the 
(few) existing studies were conducted by the Agenzia delle Entrate. These are generally 
reports about the number of firms adopting the SDS or about the increased revenues accrued 
since the adoption of this method.5  To date, therefore, empirical studies on the effects of 
SDS on income declarations, or more generally on tax evasion, do not exist. 

In a theoretical study, Arachi and Santoro (2007) conduct a thorough analysis of the 
SDS method.  First, they hold that the choice to set an estimated benchmark for revenues 
instead of income, or profits, might be inefficient, as there is an incentive to manipulate 
costs.  Since taxes are calculated according to income and not revenues, firms can minimize 
taxes by increasing their over-reporting of costs.  Second, Arachi and Santoro (2007) point 
out that firms could manipulate their independent variables by misreporting the structural 
characteristics of their firms, taxpayers could minimize the estimated benchmark revenues. 

In another theoretical study, Marchese and Privileggi (2007) analyze the economic 
consequences of increasing the efficiency of the SDS.  They point out that the SDS method 
leads to vertical inequality, since those whose incomes are higher than the benchmark, but 
that declare at the benchmark level, are not audited.  Hence the SDS might introduce a form 
of legalized tax evasion, which could be decreased if the SDS becomes more efficient.  
However, the authors find that increasing the threshold does not always lead to an increase 
in compliance.

As we can see from the previous literature on the SDS method, many theoretical studies 
have focused on discovering whether the SDS would lead to increased income declarations.  
They predict that the SDS should have led to increased income declarations, and that 
the increased declarations should come from lower income groups, while those with 
incomes higher than the benchmark would be likely to declare just at the benchmark level.  
Moreover, they postulate that the SDS effect is bigger in the first year, when taxpayers are 
not acquainted with the exact working of the SDS.  

However, the empirical studies on the effect of the SDS on noncompliance are very 
limited.  Moreover, their main focus is on the analysis of the effect of the SDS implementation 
on tax revenues.  Abritta et al. (2003) analyze the effect of the first two years of the SDS 
implementation (1998 and 1999) on income declarations.  They find that the SDS has 
a positive effect on the number of individuals who declare an income higher than the 
threshold.  Moreover, they calculate that the SDS led to an overall increase in income 
declared between 144 and 434 million euros.  In a subsequent study, Pisani (2004) finds 
the increase in number of individuals declaring above-threshold incomes to be insignificant 
when adjusted for inflation. In addition, he finds that, as time passes by, and familiarity 
with the SDS increases, individuals adjust their behavior in order to minimize taxes.  Last, 
Pisani finds that the SDS has a bigger effect on lower income individuals and on those 
whose difference between income declared and estimated benchmark is smaller.6 

In my thesis, I examine how the SDS affects the shape of the distribution of income 
declarations.  I expect income declarations at the middle-income brackets to increase, as 
5   See Farina and Perinetti (2008) and Convenevole et al. (2006).
6   For more recent studies, similar to the ones mentioned above, see Convenevole et al. (2006), and 
Convenevole and Perinetti (2008).
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more taxpayers will declare incomes at the benchmark level.   Moreover, I expect income 
declarations at the two extremes of the income distribution to be lower, as taxpayers who 
were evading a high amount, thus declaring little income, now will have incentives to 
declare more in order not to be audited, while taxpayers who were declaring incomes above 
the benchmark will declare just at the benchmark level, as their probability of being audited 
is almost nil. 

4 Data

In order to analyze the effect of the SDS on income declarations, data on both the SDS 
implementation and on income declarations are needed.  The dataset on income declarations 
was provided to me by the Agenzia delle Entrate.  This dataset has information on the 
number of taxpayers declaring incomes in each nominal income bracket; this information 
is given for the years 1996 and 1998 to 2005, and provided separately for 62 different 
economic activities.  In Italy, economic activities are classified with numbers between 1 
and 100. Each activity is then divided into different business categories.  For example, 
the lodging economic activity group is subdivided into business categories such as hotels, 
motels, hostels, guesthouses, etc.  Using this information, I construct a dataset in which 
each observation contains information on the number of returns declared in activity i, 
bracket b and year t. 

The number of income brackets varies by year.  Furthermore, the reporting method 
changed in 1998, and again in 2001 with the adoption of the euro.  However, these brackets 
can be normalized, obtaining between 7 and 16 homogeneous brackets, depending on the 
years included in the data.  If I utilize all data at our disposal, there are 7 income brackets, 
hence the total number of observations is 3906.  If instead I use only data from 2001 until 
2005, there are 16 income brackets.  With this sample, the total number of observations is 
4960.  

The data on SDS implementation are taken from the website of the Agenzia delle Entrate.  
This dataset consists of information on the year in which each SDS was implemented, 
which type of business category the SDS was applied to, and which economic activity that 
business category belonged to, as well as what the exact coefficients utilized in each SDS 
were. I create dummy variables – labeled sds98, sds99, and sds00 – to signify whether the 
SDS was being applied to a particular economic activity in a particular year.  One challenge 
that arises in creating these dummy variables is that when the SDS is implemented in a new 
economic activity, it may not apply to all business categories in the first year.  I adopt the 
following convention: I define sds98i to be equal to one if at least one business category 
belonging to economic activity i was affected by an SDS in year 1998.  The same method 
is used for creating the other SDS dummies.

5 Methodology

The objective of this study is to analyze the effect of the implementation of the SDS 
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on income declarations.  More specifically, I intend to test whether the SDS had an effect 
on the shape of the income distribution: after the SDS was implemented I expect income 
declarations in the middle-income brackets to increase, while those at the two extremes 
(low and high income brackets) should decrease.  I use a simple multiple regression model 
in which the treatment group is composed of the activities which have already received an 
SDS, while the control group is composed of the activities that never receive one, or where 
the SDS is going to be implemented in the immediate future.  Subsequently, I add various 
fixed effects in order to control for unobserved factors affecting each activity, bracket, or 
year. 

The basic regression model used for the analysis is the following:
(1) %returnsibt= bo + b1bbracketb + b2postsdsit + b3bpostsdsit*bracketb + εibt

Here, %returnsibt is equal to the number of returns in each activity, year, and bracket, 
multiplied by 100 and divided by the total number of returns in each activity and year.  In 
this way, the %returnsibt dependent variable represents the percentage of returns filed in 
bracket b, compared to the total returns filed for economic activity i and year t.  bracketb is 
a set of dummy variables that indicate to which bracket the returns belong.  For example, 
bracket1 equals one if the income declarations belong to bracket 1, and zero if they belong 
to any of the other brackets. 

In addition, postsdsit is a dummy variable that assumes the value of 1 if an SDS was 
imposed on at least one business category in economic activity i either in the current year 
or in the past and has value equal to zero if no business categories within economic activity 
i have yet been affected by the SDS.  In other words, I consider an observation to belong 
to the post-SDS period if the SDS has been applied to at least one business category in the 
economic activity before or in the year of the observation.

By including a full set of bracket dummies, my empirical analysis allows for different 
brackets to have a different number of returns; this is important because the middle brackets 
usually have more income declarations.  By including the interaction term postsdsit*bracketb, 
I allow the SDS to have different effects on each bracket, which then would show the 
effect of the SDS on the shape of the distribution of income declarations.  Moreover, it 
is possible to argue that over time inflation might have led to an increased number of 
returns for certain brackets, as more and more people move toward higher income brackets 
because their revenues increase on a nominal basis.  For this reason, I control for this effect, 
introducing an interaction term between bracket and year dummies.  Finally, in order to 
allow each activity to have its own baseline income distribution, I introduce controls for the 
interaction between activity and bracket.  

5.1 Extensions and Robustness Check
The previous literature on the effect of the SDS on tax evasion has suggested that the SDS 

has a bigger effect in the first year of its implementation.  Afterwards, taxpayers become 
familiar with the SDS and misreport their structural characteristics in order to decrease 
the benchmark revenue, and hence taxes due (Pisani, 2004).  I will test this hypothesis by 
breaking up the postsdsit variable into two variables.  The first one, called yearsdsit, is equal 
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to one if the SDS was implemented in activity i and year t.  The second dummy variable, 
called aftersdsit, is equal to one if the SDS was implemented in activity i during year t, and 
if the observation is taken in year t+n, where n >0.

Hence, the basic regression model is transformed in the following way:
(2)    %returnsibt= bo + b1bbracketb + b2yearsdsit + b3byearsdsit*bracketb + b4aftersdsit 

+ b5baftersdsit*bracketb+ εibt
Finally, in order to check whether the results obtained in the previous regressions are 

driven by the effect of the implementation of the SDS, or by some other underlying factor that 
affects income declarations, I conduct a falsification exercise.  In this exercise, I arbitrarily, 
and randomly, change the year of the SDS implementation, but keep the activities that 
receive an SDS fixed.  If the SDS had an impact on income declarations, I would expect the 
results of the falsification test to differ substantially from the previous ones. 

6 Results and Conclusion7 

Table 1 presents the results of the empirical analysis using data from the years 1996 
and 1998-2005.  The results of the basic regression model are shown in Column 1 and 
can be interpreted as follows.  The variable postsds indicates the common effect of the 
implementation of the SDS on the omitted income bracket, which is the first bracket.  The 
variables postsds*bracket, instead, indicate the additional, unique effect of the SDS on 
each single bracket, relative to the omitted bracket.  According to the results, the SDS led 
to 11 percent fewer firms declaring incomes in the lowest income bracket.  By summing 
the coefficients of postsds and postsds*bracket, I can calculate the effect of the SDS on the 
other brackets.  I calculate the SDS to have led to a decline of 2.0 percentage points in the 
share of declarations in the second bracket, but resulted in increases of 13.3, 2.9 and 0.3 
percentage points in the share of returns in the third, fourth, and fifth brackets respectively.  
Finally, the implementation of the SDS results in a 1 percentage point and a 3.1 percentage 
point decrease in the share of firms filing returns in brackets 6 and 7 respectively.  All these 
results are statistically significant at the 1 percent confidence level. 

In Column 2, the interaction term year*bracket is introduced to control for the possibility 
that more and more people move towards higher income brackets as their revenues increase 
on a nominal basis.  The magnitude of the coefficients changes slightly, but their overall 
interpretation does not vary; the SDS remains significantly positively correlated with an 
increase in the number of returns filed in the middle-income brackets, and significantly 
negatively correlated with the number of returns filed in the lower and higher-income ones.  

Finally, the results of Column 3, which also includes the interaction term bracket*activity 
to allow each activity to have its own baseline income distribution, differ sharply from 
the previous ones.  The magnitudes are significantly smaller, and the key findings are no 
longer statistically significant.  Thus, by allowing each activity to have its own baseline 
distribution, the previous effect of the SDS disappears.  One explanation is that the SDS 
had a large and significant effect in only a few of the activities.  However, after a careful 

7  Tables of all regression results are available upon request.
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analysis of the data, I observe that the SDS affected most activities similarly and that there 
were only a few outliers, whereas the SDS had a bigger effect.  I then drop these outliers 
and recompute the previous regression analysis for Column 3, finding similar results.  This 
is the first sign that what I identify in the previous specification is not purely driven by the 
SDS.

The results obtained when I differentiate between the first year in which the SDS was 
implemented, and the following years, confirm the hypothesis that the SDS has a bigger 
effect in the first year of its implementation.  For both yearsds*bracket and aftersds*bracket, 
the SDS is positively correlated with the middle-income brackets, and negatively correlated 
with the low and high-income brackets.  Moreover, the magnitude of the coefficients on 
yearsds*bracket is greater than that of aftertsds*bracket: the SDS raises the share of 
returns in the third bracket by 10.3 percentage points in its first year of implementation, but 
in following years the increase is only equal to 4.6 percent.

The results of the falsification test are extremely similar to those obtained with the real 
SDS implementation, strongly suggesting that the SDS is not the cause of the change in 
the income distribution identified in Table 1: if this were the case, we should not be able 
to see the same effect in the falsification test.  However, it is interesting to notice that the 
activities that were treated by the SDS did change their income declarations in the (fake) 
years analyzed.  

The results obtained in my empirical analysis could be explained in different ways.  
First, we can see that the activities that received an SDS did change their reporting 
behavior, although its cause might not be the SDS implementation.  In the same period of 
the SDS, the Italian government implemented other policies to fight tax evasion, such as 
the simplification of reporting procedures and the efficiency increase of the tax authorities 
(Convenevole and Pisani, 2003).  These procedures might have led to a change in the 
Italian income distribution.  However, if fiscal controls become more efficient and easy 
to implement, I would expect these improvements to lead to an equally lower evasion in 
all income brackets, hence an increase in the share of returns in both the middle and high-
income brackets.  Instead, I find that there was an increase of returns in the middle income 
brackets and a decrease in the low and high-income brackets, which is only expected if the 
SDS is the factor that drives the change in income declarations. 

Second, the use of big income brackets might render it difficult to observe the effect 
of the SDS on income declarations.  Since the benchmark calculated by the SDS varies 
significantly according to which activity and business category each firm belongs to, the 
SDS might have a big effect within each income bracket, an effect I cannot calculate 
given my limited data availability.  If disaggregated data were available, it would be 
possible to analyze the change in declarations behavior of each firm prior to and after the 
implementation of the SDS.  Lastly, the roll-out of the SDS to different business categories 
over time is problematic, as it is difficult to capture in my empirical framework.  Again, 
disaggregated data would allow me to identify the firms that received the SDS, and its 
exact year of implementation, rendering my empirical analysis more effective. 

Given the aforementioned problems inherent in the empirical analysis, further studies 
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on the effect of the SDS on the distribution of income declarations should be conducted.  
The use of disaggregated data, to which I did not have access, could significantly improve 
the quality of the analysis, as it would allow the study of the behavior of each single firm 
over time and the easy identification of the year in which each firm received the SDS.  If 
a similar study with disaggregated data is conducted, and the results are still insignificant, 
then it would be possible to conclude that the SDS did not have an effect on the distribution 
of Italian income declarations.  

Figure 1: Expected effect of SDS on income declarations.

Table 1: Basic Regression and Regressions with fixed effects (1996-2005)
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1 Introduction

The well-being of the middle and lower end of the income distribution has been an 
intense political debate in developed countries since the beginning of representative 
government.  Politicians consistently argue that their opponents are enacting policies that 
ignore the poor and are detrimental to their welfare.  The debate centers over the best 
method to increase the incomes of the poor, which has been an especially intense political 
debate in the U.S., continuing as recently as the 2008 presidential election.  The question 
is whether government fiscal policy can result in economic growth that benefits the poor 
proportionately.  One specific area of policy that has been discussed is taxation, on both 
personal and business income.  Presidents from John F. Kennedy to Ronald Reagan have 
argued that reducing tax rates spurs economic growth that is beneficial to all citizens, while 
on the other hand, presidents such as Franklin Roosevelt and Bill Clinton have increased tax 
rates on the rich to increase equality.  This debate raises two questions.  First, does growth 
in incomes accrue mostly to the rich, or does the lower end of the income distribution 
benefit equally?  Second, how do changes to the tax structure affect the wages of the poor, 
beyond the impact that is captured through overall economic growth?

In the last decade, Europe has provided an excellent opportunity to evaluate these 
questions.  With the increasing development of the EU, many European countries have 
drastically altered their tax systems, cutting the top tax rates on both corporate and personal 
income.  These tax cuts would normally be viewed as directly benefitting the rich, with the 

This paper explores changes in the structure of European tax systems and how those 
changes affected the poor.  Specifically, it examines whether incomes of the poorest end 
of the income distribution in 13 European countries grew as fast as overall incomes in 
these countries.  It finds that economic growth did benefit the poor proportionately, and 
that tax rate reductions, while widening the tax base, actually benefited the poor more 
so than other income groups.  The paper offers several possible explanations for this 
counterintuitive finding.

ABSTRACT
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poor possibly seeing some gains through increased economic growth.  As a prime example, 
Ireland reduced its corporate tax rate from 38% in 1995, down to 12.5% in 2007.1  As 
corporations and citizens could move between countries with greater ease, it has become 
more and more necessary to lower rates to compete in a globalized market.  However, 
while rates were cut, personal and corporate income revenue (as a percentage of GDP and 
of total revenue) changed very little (in the sample countries, it actually increased slightly).  
This indicates that these developed economies reduced rates while increasing the size of 
their tax base.  This paper does not attempt to explain the effects of these changes on 
overall growth.  It does, however, attempt to determine whether growth in income during 
this period benefited everyone in society proportionally, or whether, as is often argued by 
those in politics, the poor were left behind.  If corporate and income tax rates do have a 
discernable effect on making growth less poor-friendly, politicians may have a hard time 
convincing their constituents to accept rate cuts that largely go to the rich.  However, if 
these cuts have no additional impact on the poor other than through economic growth, and 
this growth benefits the poor proportionally, it will be necessary to reevaluate how we view 
tax structure in its relationship to the economic well-being of the lower middle class.

To determine the effects of these changes, we examine the effect of growth determinants 
and the elasticity of overall economic growth with respect to the incomes of the poor.  The 
results indicate that economic growth during this time was beneficial to the poor.  The 
income of the poor actually grew by more than a one to one ratio with that of average 
income.  Overall economic growth is the biggest determinant in increasing the income of 
the poor, which means that any policy attempting to increase the welfare of the poor should 
primarily be focused on increasing overall economic growth.  These findings are similar 
to much of the previous empirical research on the subject.  Furthermore, the results imply 
corporate and personal tax rate cuts increase the income of the poor beyond the impact that 
is captured in overall income growth.  Thus, it would seem that reducing rates on income, 
while increasing the tax base, is a good way for politicians to support economic growth that 
is beneficial to the poor.  Although this finding appears counterintuitive, this paper offers 
several possible explanations for this outcome.

2 Previous Research 

Previous research is relevant to this paper in three different areas, each of which will be 
discussed separately.  First, it is important to analyze how the income of the poor changes 
in relation to the overall income level. Second, if growth is found to benefit equally all ends 
of the income distribution, an analysis of any policy’s overall impact on the poor will have 
to evaluate its effect on aggregate economic growth. Thus, it is important to determine what 
actually impacts economic growth (and specifically, the effect of fiscal policy on growth). 
While this paper will not empirically test the effect of fiscal policy on economic growth, 
past literature will provide a tool for evaluation of fiscal policy’s complete effect on the 
poor.  Assuming that economic growth does benefit the poor, fiscal or other government 
policies that positively impact growth would be good for the poor, and vice versa.  Finally, 
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we analyze past literature on the effects of certain growth determinants on the poor that are 
not captured through their effect on overall income growth. 

The first question of this paper is whether economic growth is good for the poor. A 
significant amount of research has been done on how GDP growth affects the wages of 
the poor and overall equality.  Several studies have shown that overall economic growth is 
good for the poor.  Dollar and Kraay (2002), whose work motivates many of the methods 
in this paper, found that overall income growth benefited the poor proportionately.  Their 
model covers four decades and 137 countries, and their results do not allow them to reject 
that the income of the poor varies disproportionately with overall average income.  They 
find that the income of the poorest 20% of the population actually has an income elasticity 
of greater than 1 with respect to overall mean income.  Foster and Szekely (2008), however, 
find that when giving higher weight to the lower end of the income distribution through 
a generalized means measure of income, the elasticity of income for the poor approaches 
zero.  They use micro-data from 188 household surveys to compute their income measure.  
When they use the mean of the bottom 20% of the income distribution without weights, 
they get an elasticity slightly greater than 1 (1.01), which is similar to that found in the other 
literature.  However, as more weight is given to the bottom of the distribution, that elasticity 
drops (and for high weights they cannot reject that it is 0.)  Alternatively, they also find that 
as the poor income distribution is expanded to include higher incomes, the elasticity rises.  
When they measure the bottom 30% of the income distribution, the elasticity rises (1.08).  
Overall, previous research indicates that when the bottom of the income distribution is 
measured evenly, they do benefit as equally from economic growth as everyone else.

The next question to be answered is what drives this economic growth.  Research on this 
subject has been done for decades, both theoretical and empirical.  Moral-Benito (2009) 
states that studies have identified over 140 variables as growth determinants. However, the 
literature on these determinants has not been decidedly conclusive in the past.  This paper 
is primarily concerned with the relationship of tax policy to growth.  In theory, tax rates 
should be negatively associated with growth. Tax rates discourage labor by reducing the 
returns to work, distort investment and purchasing decisions, and discourage investment in 
physical and human capital (Gwartney and Lawson 2006).  In a theoretical proof, Easterly 
(2006) shows that, for both endogenous and neoclassical growth models, taxation will 
impact growth and per capita income.  His model for endogenous growth shows that:

In this model, the growth rate is determined by capital and a rate of investment which is 
directly affected by the tax rate.  According to this theory, an increase in tax rates has the 
potential to shift a country from a steady state of positive growth towards a negative rate 
(or vice versa).  In his neoclassical model, capital and labor cannot sustain growth in the 
long run.  However, higher taxes would mean a lower return to capital.  Thus the incentive 
to invest would decrease, causing the level of capital stock to fall (which would bring the 
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return to capital back to equilibrium because of diminishing returns). In the short run, this 
would slow income growth.  This model is shown as follows:

Under the neoclassical growth model, a decrease in taxation would not affect long run 
economic growth, but it would raise the level of per capita income in the steady state 
because of a higher level of capital stock.  Despite this strong theoretical justification for 
lower taxes leading to higher growth, the empirical results are more mixed. This could 
largely be expected, as growth policy has appeared to have little impact on overall per 
capita income for the last 40 years.  Easterly (2006) shows that there is a correlation of .87 
between per capita income in 1960 and 1999.  This would imply that complex historical, 
geographical, and cultural factors play a much larger role in determining growth than do 
good policies.  The empirical literature does suggest a negative correlation between growth 
and tax rates, although this link is somewhat fragile. Easterly and Rebelo (1993) find 
inconclusive evidence on most fiscal policy variables, but do find that higher taxation on 
income is detrimental to growth.  Auerbach and Slemrod (1997) find that the tax reforms 
in the U.S. did have significant effects on economic behavior.  Foreign and corporate 
investment behavior changed significantly, although savings and labor changed very little.  
Arnold (2008) finds that the structure of taxes has an important impact on economic growth.  
His results show that corporate and income taxes, as well as the progressivity of income 
taxes, are negatively associated with growth, while property and consumption taxes are 
more growth friendly.  For the EU, it is likely this would be especially true, as corporations 
and labor can freely flow to the best returns (which would be largely impacted by tax rates).  
While the results are not completely robust, the literature suggests that lowering tax rates 
is beneficial to economic growth.

Beyond taxation, several other variables have been determined as important to economic 
growth.   Easterly (2006) states the “Washington Consensus,” as named by Williamson 
(1985), encouraged good policies on the variables of fiscal policy, inflation, black market 
premiums on foreign exchange, financial repression vs. financial development, real 
overvaluation of the exchange rate, and openness to trade.  Many of these variables will 
not be included in the analysis of this paper.  For example, with floating currencies and 
no capital restrictions in the EU and in OECD countries, there would be no black market 
premiums for exchange rates in these countries, and this variable would be time invariant.  
However, inflation, fiscal policy, and trade volume will all be analyzed for their effect on 
the poor.  Several studies have shown that inflation is bad for growth, including Easterly 
and Fischer (2000).  Frankel and Romer (1999) analyzed whether more trade openness 
increased growth.  They find that a 1% increase in trade volume led to a .5% increase in 
per capita income.  The literature on both inflation and trade strongly suggests that they are 
correlated with economic growth.
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The final area of concern for this paper is whether these growth determinants have an 
additional effect on the income of the poor that is not captured through their effect on overall 
income growth.  Both Foster and Szekely (2008) and Dollar and Kraay (2002) attempt to 
determine whether certain policies associated with growth have a differential effect on the 
income of the poor.  Foster and Szekely find that, beyond its effect on aggregate growth, 
the coefficient on trade openness is positive and statistically significant across all weights.  
Inflation has a negative coefficient that is much more statistically significant and larger 
as the weights become larger.  This corresponds with the findings of Easterly and Fischer 
(2000), which they hypothesize reflects an inability by the poor to shield their incomes 
from being inflated away.  Foster and Szekely also find that government consumption as a 
percentage of GDP is insignificant for low weights, but becomes positive and significant for 
high weights in their generalized least squares model.  Dollar and Kraay (2000) find similar 
results for inflation, with negative and slightly significant results.  However, they find a 
negligible effect of trade volume and a negative and statistically significant coefficient on 
government consumption.  These contradictory results could very likely be a result of the 
weights applied in the generalized means, as each paper defines the poor differently. The 
empirical literature on taxation affecting the poor (beyond its impact on overall economic 
growth) is somewhat lacking.  Aghion and Bolton (1997) present a theoretical model for 
a trickle down effect.  They show that an increase in wealth by the rich benefits the poor 
through easier access to capital for entrepreneurial and business activities.  This is one 
possible explanation of how tax cuts for the rich could possibly benefit the poor.  However, 
as most of these developed countries have largely progressive tax systems, the hypothesis 
is that a cut in income taxes would accrue largely to the rich.  Thus, it would seem that 
large reductions in taxation would affect the poor through overall growth, but a reduction 
in rates would have either a negative or insignificant additional effect on the lower end of 
the income distribution. 

4 Model and Empirical Results

The empirical results will explore several regressions.  The first set of regressions will 
look at average income of the poor.  We first run the simple regression of income of the 
poor on overall income growth, to test whether the poor have benefited proportionately.  
We then include fiscal and tax measurement variables, to examine whether these variables 
made growth more or less pro-poor.  We run separate regressions for two different 
measurements of the tax system, as there is no perfect measure for the level and structure of 
taxation.  We then run regressions where all of the growth determinants are included (with 
separate regressions for both methods of tax measurements).  Finally, we use a different 
econometric technique, using all variables, which accounts for potential autocorrelation 
and heteroskedasticity. We follow similar steps in a second model which uses the Gini 
coefficient as the dependent variable.

The first model will explore the effects of growth and fiscal policy on the average income 
of the poorest 25% of the population distribution:
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Log(Income_25%) = ß1log(mean income per capita) + ß2Xi 

where Xi is a group of control variables such as tax structure, government expenditure 
and revenue, inflation, and trade volume.  We use mean income of the bottom 25% of the 
income distribution as our measure for income of the poor, which is significantly different 
than much of the existing literature.  Most authors using income distribution select the 
bottom 20% of the income distribution.  However, that research is primarily focused 
on raising the poor out of extreme poverty, often in developing countries.  This paper is 
focused on answering a political question on lower class income and tax structure, and thus 
we expand the range of the distribution of income measurement.  Because mean income 
per capita is included in the model, the effects of corporate and income taxation on income 
growth are controlled for.  Therefore, their inclusion in the model simply measures whether 
or not they have a differential effect on the income of the poor.  We also have the problem 
of accurately measuring the tax rate.  Economics theory implies that the marginal tax rate is 
what should matter for growth.  However, as pointed out by Easterly and Rebelo, deriving 
the marginal rate is very difficult.  Thus, as previously stated, we run separate regressions 
using two different measures of tax rates.  The first will be the rate for the top bracket 
of personal incomes and corporations (although most European countries have a flat tax 
for corporations).  The other will be a measure of corporate and personal income as a 
percentage of total revenue, which is meant to measure the tax structure.   By taking the 
logs of all variables, the coefficients represent the elasticity of growth determinants to the 
income of the poor.  If growth were exactly proportional, ß1 would be equal to 1 (a 1% 
increase in mean income would lead to a 1% increase in the income of the poor).

For this regression, the data covers 7 years and 13 EU countries.  We use a fixed effects 
estimator with robust standard errors.  This differences out time invariant regressors (such 
as geography and black market premiums). The results of regressing the log of average 
income for the lowest 25% of the income distribution on the log of mean income per capita 
gives a coefficient of 1.27 and is statistically significant at the 1% level. This indicates that 
growth in these countries is actually pro-poor.  The poor gain more than one to one from 
average income growth.  It is possible that growth is endogenous in the model and that 
there is reverse causality.  We explore this by using lagged mean income as an instrument 
for income, and the coefficient is very similar.  Following the work of Foster and Szekely, 
the rest of our regressions do not instrument for mean income.  We now want to examine 
several different models to test the effects of tax structure on the incomes of the poor.  
Regressing income of the poor on average income, corporate and personal income nominal 
tax rates, and total revenue and expenditure as a percentage of GDP again reveals pro-
poor growth.  When these fiscal variables are incorporated, the elasticity shrinks to 1.12 
but is still statistically significant.  The coefficient on revenue is positive and statistically 
significant.  This means that a 1% rise in the revenue collected as a percentage of GDP will 
raise the wages of the poor by approximately .5% (beyond its effect on growth of mean 
wages).   Both corporate tax rates and personal income rates are negatively associated 
with the income of the poor (meaning a higher rate hurts the poor).  However, they both 
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have weak statistical significance.  We also run the same regression, lagging each variable 
by 1 year.  This is done to eliminate the concerns of endogeneity, as well as the fact that 
income or corporate tax cuts may take time to affect the poor.  Under this model, the 
elasticity of income of the poor with respect to mean income falls even further (1.10), and 
is still statistically significant.  Corporate and personal income rates still have a negative 
relationship with incomes of the poor, but are stronger and more statistically significant.  
Further, We run the same regression including dummy variables for the years to test whether 
the income of the poor with respect to the mean has simply been climbing each year. All of 
the time dummies have coefficients close to zero and are statistically insignificant, with the 
other coefficients relatively unchanged, so we do not include them in the model.  

As previously stated, we also want to use regressions with different measures of tax 
structure.  We run the same regression, using corporate and personal income taxes as a 
percentage of revenue instead of their nominal rates.  As usual, the elasticity of incomes 
for the poor with respect to mean incomes is larger than 1 and statistically significant. 
The implicit assumption in this model, as developed by Arnold (2008), is that the sum 
of all the taxes is neutral once the level of revenue is controlled for.  This means that a 
decrease in corporate taxation will have to be made up for by an increase in another type 
of taxation (such as a consumption or property tax). The regression reveals a negative 
correlation between measures of income and corporate taxation, and is weakly significant, 
which indicates that corporate taxation is particularly harmful to the income of the poor.  
The regression using lagged fiscal variables reveals similar results. 

The next regressions include all identified growth determinants in our model.  We use 
trade volume (total exports and imports as a percentage of GDP) and inflation as additional 
control variables, maintaining the lag on all fiscal variables.  The results (when using 
nominal rates as our tax measure) are similar to previous findings. This regression shows 
a much lower elasticity of income for the poor (1.07), but one that is still significant at 
the 1% level. Trade is positively correlated with incomes of the poor and is statistically 
significant. This implies that the poor benefit especially from increased trade (which 
could also possibly indicate closer integration with other countries in the EU).  Inflation 
is negatively correlated and weakly significant.  Both corporate and personal income tax 
rates are negatively correlated with income of the poor, with personal income rates being 
strongly significant.  For the other tax measure using the percentage of revenue generated 
by corporate and personal taxes, the results are again similar to previous regressions.  The 
poor have an elasticity of income slightly greater than 1, and corporate and income tax 
revenue percentages are negatively correlated with income of the poor, with the measure of 
corporate being significant.  Trade is again positively correlated, while inflation is negatively 
correlated, with both being strongly significant.  Table 1 shows regression results using full 
control variables and lagged fiscal variables (with both measures of tax.)

Finally, we also want to ensure that we run a regression that controls for the presence 
of autocorrelation.  To do so, we use a feasible generalized least squares regression.  This 
regression controls for both AR (1) autocorrelation within panels and cross-sectional 
correlation and heteroskedasticity across panels.  The results are similar to the previous 
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regressions, although now the variables are more statistically significant.  Using nominal 
tax rates as the measures of taxation, the coefficient on mean income is again positive (1.23) 
and statistically significant.  Both corporate and personal income tax rates are negative 
and statistically significant at the 10% level.  Government revenue and expenditure are 
now positive and significant at the 1% level.  Trade again has a positive coefficient and 
is significant at the 10% level.  Inflation now has an extremely small negative coefficient 
and is statistically insignificant.  When we use percentage of total revenue from each tax 
as the measure of taxation, the elasticity is again greater than 1 and significant at the 1% 
level.  Similar to the previous results, corporate income as a percentage of total revenue 
is negative and weakly significant, while personal income percentage is insignificant.  
Government revenue has a positive coefficient, and expenditure has a negative coefficient, 
but neither are significant.  Trade is again positively correlated with growth and is weakly 
significant.  The coefficient on inflation is negative but is insignificant.  Table 2 shows the 
results for the feasible generalized least squares regression, for both tax measures with full 
control variables.

Table 1
Poor Income = 

Dependent Variable
Mean 

Income
Tax 

Rates
Tax 

Structure
Mean Income 1.26

(.000)
1.07

(.000)
1.27

(.000)
Gov Rev -.027

(.906)
-.249
(-.96)

Gov Exp .124
(.245)

.135
(.303)

Corporate -.094
(.117)

-.051
(.066)

Personal -.252
(.002)

-.057
(.214)

Inflation -.022
(.122)

-.028
(.078)

Trade .134
(.04)

.153
(.043)

All fiscal variables are lagged one year. Variables are log transformed to get elasticities. P-values in 
parentheses.
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Table 2
Poor Income = 

Dependent Variable
Tax 

Rates
Tax 

Structure
Mean Income 1.23

(.000)
 1.16
(.000)

Gov Rev .599
(.000)

.418
(.159)

Gov Exp .494
(.00-)

-.059
(.206)

Corporate -.154
(.066)

-.108 
(.010)

Personal -.273
(.000)

.036
(.393)

Inflation -.001
(.880)

-.014 
(.195)

Trade .068
(.072)

.102 
(.048)

Fiscal variables are lagged one year.  P-Values are in parentheses.  Regression is feasible generalized least 
squares.

5 Conclusion

The results strongly demonstrate that the lower end of the income distribution does 
benefit proportionately from average income growth.  In fact, the data shows an elasticity 
of income greater than 1 for the income of the poor with respect to mean per capita income. 
Additionally, overall income growth has the largest coefficient in all regressions.  Therefore, 
the main goal of government policy, with regards to increasing the living standards of the 
lower middle class, should be towards promoting pro-growth policies.  As stated above, 
the literature on these policies is very inconclusive, with few variables being agreed upon 
as actual growth determinants (and among those that are, their sign is often debated).  The 
additional effects that fiscal variables have on the poor are also unexpected, with the level 
of corporate and income taxation being negatively correlated with income of the poor.  
There are several possible explanations for this.  The first is that, due to a small sample 
size and a large amount of multicollinearity between fiscal variables, it is difficult to get 
strong results.  Unfortunately, there is little else to do here except use more observations 
or combine variables, which also would result in losing information.  Another possible 
explanation is that since the overall level of revenue is controlled for, there is something 
particularly harmful to the poor from high corporate and income tax rates.  While rates 
for both personal and corporate income were falling, revenue as a percentage of GDP was 
actually rising in Europe.  It is possible that shifting towards another form of taxation (such 
as a consumption tax) would actually be beneficial to the poor.  It could also be that as 
nominal rates fell but the percentage of taxes collected from corporate and personal income 
remained relatively unchanged, the base was widened to allow for these changes.  It is 
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likely that large loopholes and deductions in the tax system disproportionately benefit the 
rich, possibly because the poor don’t know about them or don’t have access to them.  The 
financial costs of hiring skilled accountants and financial planners, who can structure assets 
so as to minimize taxation (both for small business and personal income), may be prohibitive 
for the poor. Furthermore, these loopholes are distortions, and it is possible that their affect 
on economic growth is distributed over high and low income groups differently. Therefore, 
these findings suggest that countries should lower tax rates and increase the size of the tax 
base to increase the welfare of the poor in the economic system.  An additional explanation 
(and one that is not mutually exclusive) is that corporate tax cuts encourage more foreign 
owned firms to locate their production in that country.  For example, Ireland consistently 
had a GDP much higher than its gross national income.  A large reason for this was that 
foreign owned corporations located their plants there, so while the profits of the plant were 
sent overseas, there were still good paying jobs generated by these corporations, most of 
which went to people who would be considered lower or middle class. For example, until 
very recently, Dell located many of its production plants in Ireland.  In the United States, 
Toyota provides a similar example.  Therefore, it is possible that a cut in the corporate rate 
brings in good paying jobs that benefit primarily the middle and lower end of the income 
distribution.

Going forward, there are several areas of the research that need to be expanded.  The 
simplest, and most important, is to expand the sample size of countries (and possibly years) 
and include the micro-level data to get more robust standard errors.  This will limit the 
sensitivity of the coefficients, and also would allow for transformation of the data, such as 
the generalized means used by Foster and Szekely.  Although government expenditure is 
controlled for, having access to microlevel data would enable the removal of social transfers, 
so as to more accurately assess the effect of tax cuts on income.  Additionally, analyzing the 
specific effects of tax cuts on overall income growth is vital to understanding their effect 
on the distribution of income and the welfare of the poor.  Increased understanding of these 
effects will allow policymakers to weigh the costs and benefits for the poor on pro-growth 
policy decisions.  Furthermore, it is also possible that the returns to corporate and personal 
income taxes have changed over time, which could help explain the negative correlation 
between the poor’s income and corporate and personal tax rates.  If a country is the only one 
in Europe to lower their corporate income tax, it is likely that they would see more gains 
than if every country in Europe cut their taxes at the same time.  In the latter half of the last 
decade, tax cuts in the EU were not as prevalent as they are today.  It is possible that being 
the first to cut taxes (for example Ireland), had a much more significant impact than cuts in 
the current decade.  Cutting taxes while everyone else maintained their rates could possibly 
lead to an influx of investment and new job creation (which might disproportionately benefit 
the poor).  If everyone cut their rates by the same amount, corporations would have no new 
incentive to switch between countries (meaning the rate would have less of a benefit for the 
poor).  With a larger dataset, this could be tested relatively easily.  Overall, while the results 
do show interesting possibilities, it will likely require a much stronger and larger dataset 
(and potentially advanced econometric techniques) to truly establish the conclusions.
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1 Introduction

Despite strong theoretical backing – grounded in Rogoff’s seminal 1985 paper on 
time inconsistencies and inflation – economists have had mixed results at best in finding 
a relationship between central bank independence and inflation. Previous studies have 
only focused mainly on developed countries, and those that did broaden their scope to 
developing countries were unable to find any relationship between CBI and inflation.  This 
study attempts to use new information and different econometric techniques in order to 
find the theoretical benefits that greater central bank independence (hereafter referred to 

Since the 1970’s central bank independence (CBI) – the latitude given to the central 
bank in determining monetary policy – has undergone significant changes in both 
developing and developed countries.  The 1970s saw the collapse of the Bretton Woods 
system and an expanded role for monetary policy; many governments saw monetary policy 
as another way to temporarily stimulate the economy, and slightly higher inflation was 
seen as a reasonable tradeoff for lower unemployment and greater nominal GDP.  During 
subsequent decades, however, a consensus was reached that a central bank’s primary goal 
should be price stability and to a certain extent, promoting long-term growth.  In order 
to boost the central bank’s inflation fighting credentials, many governments granted their 
central banks greater independence in order to reduce the likelihood of time inconsistent 
inflation generating policies.

Using first differences, this paper examines the effect of changes in CBI from 1970-
1979 and 1995-2000 on the level and variance of inflation.  This paper finds a negative 
relationship between CBI and inflation levels and variance in both developed and developing 
countries.  Both relationships stand up to control variables, although there does seem to be 
some interaction between institutions and CBI in developing countries.  There also appears 
to be a minimum threshold for effectiveness in developing countries, with the relationship 
only being statistically significant for countries that already had moderate levels of CBI in 
the 1970s.  In contrast, the control variables are not statistically significant for developed 
countries and CBI is significant for both low and medium starting levels of CBI.  The 
results of this study suggest that CBI contributes to better economic performance, but that 
the process is gradual.

ABSTRACT
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as CBI) should bring. The time periods 1970-1979 and 1995-2000 are examined, with the 
dependent and control variables averaged for each time period.   Two different techniques 
are used to increase the robustness of previous studies.  Country fixed effects are controlled 
for using first differences.  In addition, countries are divided into categories of high, 
medium and low levels of CBI based on their initial index values.  This division technique 
attempts to capture an institution effect with special attention paid to countries at initially 
medium levels of CBI.  Countries with low levels of CBI may have institutional problems 
that a more independent central bank cannot solve.  Likewise, there may be little benefit 
for an already independent central bank to be granted even higher levels.  This evolutionary 
approach to CBI is able to find a link between inflation levels and variance and CBI in 
developing countries as well as develop ones.

Section 2 surveys the literature and different CBI measurements.  Section 3, which 
displays the regression results, has been omitted.  Section 4 analyzes the channels through 
which CBI could affect price stability in the regression results and identifies how the process 
might work differently in developed and developing countries.  Section 5 concludes.

2 Theory & Literature Review

The topic of central bank independence has been of interest since Rogoff proposed the 
concept of a conservative central banker to offset time inconsistent policy.  In his 1985 paper, 
Rogoff puts forwards the idea that the government appoints a conservative central bank 
that has a greater commitment to price stability than the government.  If the government 
is tempted to use monetary policy to spring surprise inflation on the public and create an 
artificial boost in output, it would be overridden by a conservative central banker. In order 
for this setup to work, however, the central bank needs to be the final authority in monetary 
policy.  Central bank independence has come to be defined as the level of policy discretion 
central banks are given; it does not necessarily refer to goal independence as there has been 
a growing consensus that central banks should focus primarily on price stability. 

Economic studies have attempted to prove that greater central bank independence has 
led to price stability as well as better economic performance.  This has been a tricky task 
as there is no way to truly quantify CBI.  The earliest index was constructed by Bade and 
Parkin in 1977.  Their study of 12 developed countries finds a weak negative relationship 
between inflation and CBI. A more comprehensive study by Grilli, Masciandaro and, 
Tabellini (1991) focuses on country attributes that influence fiscal policy with CBI being 
one of the attributes.  Grilli et al. find a negative and statistically significant relationship 
between CBI and inflation.  There is not a statistically significant relationship between CBI 
and output and budget deficits.  The most common measurement of CBI is the Cukierman, 
Neyapti, and Webb index.  Developed in 1992, the Cukierman et al. index places different 
weights on 16 CBI components to create a scale between 0 and 1.  The closer the indexed 
value is to one, the greater control a central bank has over monetary policy.  In comparison 
to previously used indexes, the Cukierman et al. index includes 70 different countries and 
spans four decades.  Cukierman et al. find that de jure CBI only seems to have an effect 
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on inflation in developed countries.  Interestingly, the developed country index average 
is not much higher than the overall sample set average.  In contrast, measures of de facto 
independence (measured as the turnover rate of central bankers, TOR) are better predictors 
of price stability in developing countries.  Cukierman et al.’s results suggest that CBI might 
not work through the same channels in developed and developing countries.

Most subsequent studies use some variant of the GMT or Cukierman et al. index.  An 
interesting result arises in a 1995 study done by Banaian, Burdekin, and Willett.  Banaian 
et al. believe that the assignment of weights and the aggregation process of both the 
Cukierman and GMT indexes are completely arbitrary.  They re-run the regressions of 
the Cukierman and GMT indexes on inflation for 21 OECD countries between 1971 and 
1988.  Initially, for both regressions the coefficient on CBI is statistically significant.  
Banaian et al. then create a dummy variable standing for whether or not the government 
has the option to overturn monetary policy. Once this dummy variable is included in the 
regressions, the CBI variables become statistically insignificant.  Banaian et al. believes 
that this result shows that in the absence of policy autonomy, all of the other components 
in the GMT and Cukierman indexes are not helpful in combating inflation in developed 
countries.   Strume and Haan (2001) updated the Cukierman et al. index through the 1990s.  
Unlike previous studies Strume and Haan focused exclusively on developing countries. 
After including control variables such as openness, GDP per capita and debt-to-GDP ratio 
the CBI coefficient becomes insignificant when regressed against inflation. The use of 
control variables suggests that CBI may be proxying for other forces that were at work in 
the 1990s.  

Crowe and Meade (2009) update the Cukierman et al. Index through 2004. Crowe and 
Meade use first differences to help eliminate omitted country fixed effects and include 
openness, GDP per capita, and exchange rate regime as control variables. Crowe and Meade 
find a negative and statistically significant relationship between CBI and inflation levels 
in both developed and developing countries.  Unlike previous studies, the CBI coefficient 
remains statistically significant with the inclusion of control variables. The first difference 
technique will be utilized in this study along with the Cukierman et al. index.

4 Data and Results

4.1 Measurements of CBI
There are two main measures of de jure central bank independence: the GMT index 

and the Cukierman et al. index.  The Cukierman et al. index includes the most criteria to 
describe CBI.  It is also available for the most countries and the most time periods.  The 
Cukierman de jure measurement of central bank independence is composed of 16 different 
legal indicators, divided into four different clusters of issues.  The first is with regards 
to the appointment and dismissal of the head of the central bank.  The second concerns 
the resolution of conflicts between the government and the central bank over monetary 
policy.  The third covers the objectives of the central bank as outlined in its charter.  The 
fourth and final category is about the limitations placed on the central bank’s ability to 
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lend to the public sector.  This study concerns itself with the aggregate measurement.  Two 
time periods are examined: 1970-1979 and 1995-2000.  If CBI changes during any given 
decade, the country is assigned the measurement it was for the majority of that decade.  The 
1970-1979 data is taken directly from the appendix in the Cukierman 1992 study.  Polillo 
and Guillen update this index from 1989-2000 in their study on how government structures 
changed during the 1990s. 

Table 1 shows the descriptive statistics of the data set used. In general, there appears 
to be an increase in the average CBI level worldwide.  Changes are divided into three 
categories based on the initial level observed.  Countries are labeled as having an initially 
low level of CBI if they are observed as having a CBI index value between 0 and 0.32 in the 
first time period. Countries have an initially medium level of CBI if their index value falls 
between 0.33 and 0.59.  Finally, high CBI countries are those had an index value of 0.6 or 
above during 1970-1979. Changes in CBI level seem greatest for countries that started out 
at initially low levels. Table 1 is further split into developed and developing countries based 
on the IMF’s definition of advanced economies.  The most marked difference between 
developed and developing countries is that initially low CBI countries in developed 
countries have a much greater increase in CBI in the second time period than developing 
ones. To help account for the differences in end levels of CBI, separate regressions are run 
for developed and developing countries.

4.2 Regressions
CBI will be regressed against inflation level and variance. All of these dependent 

variables will be averaged across 1970-1979 and 1995-2000 and then differenced.  For 
each of these regressions, 4 models are used. The first is a bivariate regression of the 
differenced dependent variable against the difference in CBI level. Second, the changes 
in CBI are divided into three categories based on initial CBI level. The second regression 
will have three independent variables representing countries with initially high, medium, 
and low levels of CBI. It should be expected that staying at a high level of CBI would 
have a different effect than a country that stays at a low level of CBI.  It would also not be 
unexpected that there might be a threshold level where an increase in CBI has no effect 
on macroeconomic performance. If such a threshold exists, the benefits of an increase in 
CBI might be understated. At the same time, there may be a minimum threshold level of 
CBI that needs to be met in order for CBI to have any effect on economic outcomes.  The 
use of categories will help reveal if such thresholds exist.  These categories are not dummy 
variables; the change in CBI level is still contained in these variables, and it is only being 
segmented into different parts.

The third regression includes control variables. In the past decade a global consensus 
has not only been built for central bank independence but also for democratization and free 
trade.  The polity index roughly approximates how democratic a country is on a scale from 
-10 to 10 with 10 being the most democratic.  The openness measurement is composed 
of imports plus exports, divided by real GDP per capita.  Other studies use exchange rate 
regime as a control variable.  Unfortunately, the IMF’s exchange rate database only goes 
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back to the 1990s.  Like the dependent variables, the control variables are averaged across 
1970-1979 and 1995-2000 and then differenced.  

In the fourth regression, interaction terms are created between the categorical changes 
in CBI and the control variables.  It is possible that CBI has a greater impact in democratic 
countries in order overcome time inconsistent policies. CBI and openness may also interact 
because openness makes a country’s economy more vulnerable to worldwide shocks and 
therefore more volatile.  The complete form regression is:

D(dependent variable) = B0 + B1(dhigh) + B2(dmedium) + B3(dhigh) + B4(dpolity) 
+ B5(dopenness) + B6 (dmedium)(dpolity) 
+ B7(dlow)(dpolity) + B8(dmedium)(dopenness) 
+ B9(dlow)(dopenness) + e

Although the differences technique helps to control for country fixed effects, it does 
cause for some data to be lost.  (West) Germany has no change in its polity score during the 
time periods observed and Austria has no change in its CBI.  This changes the interpretation 
of the polity and openness coefficients as well as the interaction terms.  For example, the 
polity coefficient is now the change in inflation relative to a polity change in an initially 
high CBI country:  

Δ(dependent variable)/Δ(polity) * H

Likewise, the openness coefficient is now how a change in openness affects inflation 
in a high CBI country.  The coefficient on the interaction term and change in an initially 
medium CBI level country can be interpreted as

coefficient on (Medium)(polity) =
Δ(dependent variable)/Δ(polity) * M - Δ(dependent variable)/Δ(polity) * H

The coefficient above is the response in the dependent variable to an increase in 
democracy for a medium versus a high CBI country. If the coefficient is negative, then the 
coefficient shows that the response of the dependent variable to an increase in democracy 
is higher for an initially high CBI country than for an initially medium CBI country.  These 
interpretations hold for the developed country and all country datasets for the complete 
forms.  The coefficients in the complete form for developing countries and all of the reduced 
forms can be interpreted as how that variable affects the dependent variables because no 
categories are omitted (there are no initially high CBI countries in the developing country 
dataset).

4.2.1 Inflation Levels and Central Bank Independence
The relationship between central bank independence and inflation levels will be 

examined first.  An independent central bank should eliminate periods of hyperinflation 
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because it would not be subject to government control or use seignorage.  Even without the 
problem of hyperinflation, greater CBI has the potential to reduce inflation by anchoring 
expectations at low levels.  The relationship between inflation levels and CBI has been held 
up to be robust in most studies, especially for developed countries.  

Inflation is transformed using the following equation:

Adjusted Inflation = P / (1+P)

This equation is used in Cukierman (1992) and Crowe and Meade (2008) to prevent 
undue weight being given to countries with hyperinflation.  Table 2 contains the results for 
developed countries.  The coefficient on CBI change is negative and statistically significant 
at the 5% level in equation I.  This is consistent with past studies.  In equation II, the 
coefficients on all CBI levels are statistically significant at the 10% level.  For medium- 
and low-level countries, the coefficient is negative but for initially high CBI countries 
the coefficient is positive. With prices already stabilized, looking at changes in inflation 
levels may be inappropriate for high CBI countries. Additionally, the institutional variables 
seem to have no effect on inflation levels and actually lower the adjusted R-squared value. 
This may mean that time inconsistencies and seignorage are not a problem in developed 
countries so that increasing the level of democracy does not lead to the government 
generating inflation.

Table 3 displays the results for developing countries.  The bivariate regression is 
not statistically significant, consistent with past studies.  However, once separated by 
initial CBI levels, the change in CBI becomes statistically significant for medium level 
countries.  It may be in these medium level countries where CBI can provide the greatest 
benefit.  The coefficient on CBI change for initially medium countries is also larger for 
developing countries than its counterpart in the developed country regression.  Another 
marked difference is that the control variables increase the adjusted R-squared value for 
the developing country dataset. The control regressions reveal an interesting relationship 
between CBI and democracy. Initially, polity and openness make the CBI coefficients 
insignificant. However, the addition of interaction terms in Equation IV results in all of the 
interaction terms being statistically significant. This suggests the importance of institutions 
in determining how CBI affects the economy in developing countries.  It is important to 
keep in mind that there are no initially high CBI countries in the developing country data 
set. As a result, the polity, openness, and interaction terms in equation IV can be interpreted 
as the effect each regressor has on inflation levels.

  
4.2.2 Inflation Variance and Central Bank Independence

The variance level of inflation matters, especially in relation to developed countries. 
Many developed countries now have implicit or explicit inflation targets of 1-2%.  In 
contrast, during the 1970s, developed countries were still willing to accept slightly higher 
levels of inflation for temporary decreases in unemployment.  Increased CBI should lower 
the variance of inflation in developed countries if they are held accountable to their inflation 
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targets.  The variance is based on the adjusted inflation rate used earlier.
Table 4 displays the regression results for developed countries and inflation variance.  

As with the inflation levels regression, the coefficients on the control variables and their 
interaction terms are not statistically significant.  CBI appears to be the main force behind 
lower inflation variance between the two time periods.  In equation II, the coefficient on 
CBI change is negative and statistically significant for initially medium level countries.  
With controls added in equations III and IV, change in CBI is statistically significant for 
initially low CBI countries.  This result is difficult to interpret and cannot be disregarded 
because the adjusted R-squared value increases with the inclusion of the interaction terms.  
All of the interaction terms are positive.  With the absence of interaction terms for high 
CBI countries, this may just mean that most countries still have slightly higher levels of 
inflation variance relative Germany and Austria.  The coefficients on polity and openness, 
which represent how changes in polity and openness affect inflation variance in high CBI 
countries, are not statistically significant and have coefficients close to zero.  The negative 
terms on the CBI change coefficients suggests that CBI helps lower inflation variance in 
developed countries.

Table 5 shows the developing country regressions.  As with developed countries, the 
inflation variance results are very similar in form to their inflation level counterparts.  
Initially, medium CBI countries are the most affected by CBI and institutional changes.  
The coefficient on CBI change is negative and statistically significant at the 5% level for 
initially medium countries in equations II and III.  In equation III, both control variables 
are statistically significant and negative.  In the complete form, the interaction terms are 
negative.  For an initially medium CBI country, the results are statistically significant.  The 
coefficients for initially low CBI countries are not statistically significant but exhibit the 
same coefficient pattern as with inflation levels.  The results suggest that a country must 
go through a number of institutional changes in order for CBI to have the desired effect on 
inflation variance in developing countries.

4.3 Analysis
Contemporary times have not seen sharp swings in inflation for developed countries.  

Nonetheless, during the 1970s many developed countries still saw slightly higher levels 
of inflation as an acceptable tradeoff for lower unemployment rates.  This thinking has 
largely been abandoned (partially due to the advent of ideas of a vertical long-run Phillips 
Curve and the natural rate of unemployment).  By keeping inflation within a narrow band 
of 1-2%, developed countries hope to anchor inflation expectations at low levels. This 
study finds some evidence that increasing central bank independence helps to achieve this.  
There appears to be a negative relationship between CBI and inflation levels and variance 
for countries that have initially low and medium levels of CBI. The relationship is not any 
weaker or stronger for countries that have initially low levels of CBI compared to those that 
have initially medium levels. Additionally, the type of institutions a developed country has 
does not seem to have a significant effect on price stability.  

One exception to this rule is the statistically significant and positive coefficient on the 
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interaction term between changes in CBI for an initially low level country and openness. 
This appears in both the inflation variance and level regressions. The openness coefficient 
itself is always negative, suggesting that increasing CBI and openness in an initially high 
CBI country reduces inflation levels and variance. In this sense, increasing CBI and openness 
may still reduce inflation in initially low CBI countries, it just does not reduce it as much as 
the same changes would in a high CBI country. The positive sign on the interaction terms 
suggests that there may not be an upper limit (or that it is very high) on the benefits of CBI 
when it comes to price stability. This may be due to the growing openness and complexity 
of countries’ economies.  Central banks have to deal with domestic inflationary pressures 
as well as international ones.  With increased openness, central banks need to be even more 
vigilant about price stability.  As a result, a very high level of CBI is needed in an open 
economy to maintain low inflation levels and variance. 

Previous studies have generally been unable to find a relationship between inflation 
levels and variance in de jure measurements of CBI for developing countries.  Reliance 
on de facto measurements, such as Cukierman’s TOR, seem to better explain inflation in 
developing countries.  The results of this study plays into this by showing the importance 
of institutional factors in developing countries.  The coefficient on changes in CBI is more 
statistically significant and negative in initially medium CBI countries than initially low 
ones for both the inflation level and variance regressions.  This may reflect that governments 
with initially medium levels of central bank independence enforce their central bank 
charters while those with initially low levels do not.  The average change in CBI is not 
much larger for a low CBI country than a medium CBI country.  As a result, increasing the 
level of CBI in a medium country has a greater effect on inflation than for a low one.  The 
interaction terms also suggest that good institutions may be important.

Taken together, the developing country datasets show some interesting patterns.  First, 
CBI seems to be more beneficial to countries that already have moderate levels of CBI 
than those with low levels.  This could reflect a number of factors.  Along with the legal 
explanation given above, there may be a threshold where CBI starts to matter.  Unlike 
initially low CBI developed countries which eventually caught up to medium ones, low 
CBI developing countries only slightly increased their CBI over the two time periods. 
The interaction between institutions and CBI may also help explain differences.  Initially 
medium CBI may have better developed institutions so that the benefits of CBI can be 
maximized. The openness and polity interaction terms are both negative and statistically 
significant for medium CBI countries. This suggests that all three institutional changes feed 
off of one another in medium CBI countries, leading to greater price stability.  Without 
all three of these components in place, inflation levels and variability are not affected. An 
increase in democracy could tempt a government to perform time inconsistent policies to 
win votes before an election but an increase in CBI could prevent this.  Openness increases 
a country’s vulnerability to worldwide shocks and price swings.  Without a strong central 
bank that can effectively neutralize inflation, openness will lead to more inflation. 

Although less pronounced, there appear to be benefits from increasing CBI in initially 
low CBI countries as well in relation to inflation levels.  The interaction term for CBI 
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change and openness is positive in both regressions, reinforcing the idea that a certain level 
of CBI is needed in order to maintain low inflation in an open economy.  The interaction 
term on CBI change with polity is negative, however. An increase in polity may reflect 
better overall institutions in a country.  Without better institutions, a de jure increase in 
CBI may not translate into greater de facto CBI and simply be window dressing.  The 
polity*low interaction term is statistically significant for the inflation levels regression but 
not the variance one.  It may be that in initially low CBI countries, central banks have been 
able to prevent bouts of hyperinflation, leading to lower inflation levels.  However, many 
of them have not been able to implement inflation targeting and still experience inflation 
variance.  In contrast, the coefficients on medium countries are statistically significant in 
both regressions, suggesting that they are capable of some inflation targeting.

This study suggests a central bank independence evolution pattern.  Initially more 
independent central banks help lower inflation levels by eliminating time inconsistent 
policies and seignorage.  It appears that even low CBI countries with weak institutions 
can lower inflation levels by eliminating these policies.  With the threat of hyperinflation 
mitigated, central banks can then focus on keeping inflation within a narrow band, thereby 
lowering inflation variance.  In this stage, institutions matter.  In developing countries, only 
medium CBI countries were able to effectively lower inflation variance through greater CBI.  
It is that a certain level of CBI needs to be achieved along with institutional requirements 
in order for inflation targeting to work.  Although this study provides evidence that central 
bank independence has economic benefits, it suggests that supporting institutions need to 
be in place in order for it to have its full effect. 

 There is the concern of endogeneity with CBI and inflation.  High inflation could cause 
countries to give their central banks more independence.  Since CBI is an indexed value, 
finding an adequate instrument for CBI is very difficult.  The CBI measurement itself may 
be biased since points are awarded for having inflation targets.  CBI may be a proxy for 
how inflation adverse the central bank is.  Furthermore, how inflation adverse the central 
bank is may not even matter if the CBI measurement is actually proxying for the degree 
to which a country’s population is inflation adverse.  A population that does not care at 
all about inflation could always call for the government to override the central bank or 
have its charter rewritten if growth is low and unemployment high.  Untangling these 
effects would be difficult.  It does appear that in developed countries, central bank have 
been able to anchor inflation expectations at low levels.  This may not be a direct result 
of independence, but it suggests that people view central banks as credible and will not 
employ any time inconsistent policies.  Future research could create a variable to proxy for 
inflation preferences as well as test for endogeneity.  

5 Conclusion

This study contributes some interesting results to the ongoing discussion on the role 
central banks play in the economy. It suggests that central bank independence does not 
work in a vacuum and that certain conditions need to be in place in order for any increases 
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in de jure CBI to have a positive impact on the economy. There also appears to be a 
threshold of effectiveness in place, at least for developing countries where institutions are 
weak. Nonetheless, there is evidence that central bank independence does have an overall 
positive effect on the economy.

The increases in CBI seem to help reduce inflation levels and variance in both developed 
and developing countries.  The effect appears larger in developing countries where inflation 
levels are generally higher yet the relationship between CBI and inflation levels is more 
statistically significant for developed countries.  There may still be a gap between de jure 
CBI and actual CBI in developing countries so that rewriting the central bank’s charter 
does not necessarily make it freer from government influence. The relationship between 
CBI and inflation levels and variance in developed countries does not seem dependent 
on institutional factors.  In contrast, the effect CBI has on inflation seems to interact 
with institutional variables in developing countries.  CBI on its own has no statistically 
significant effect, yet in countries with medium levels of CBI there appears to be a negative 
and statistically significant effect when coupled with increases in polity and openness.  It 
may be that increases in polity help ensure that increases in de jure CBI are translated 
into increases in de facto CBI.  Overall, the results show that increases in CBI help both 
developed and developing countries lower inflation levels and variance.
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Appendix Tables

Central Bank Independence Descriptive Statistics: Initial Period 1970-
1979

Total

Average 
1970-
1979 

Average 
1995-
2000 

Average 
Change

All 
countries High 2 0.650 0.765 0.115

Medium 33 0.422 0.520 0.097
Low 30 0.230 0.467 0.237
Overall 65 0.340 0.503 0.162

Developed High 2 0.650 0.765 0.115
Medium 12 0.448 0.540 0.092
Low 12 0.233 0.592 0.359
Overall 26 0.364 0.581 0.217

Developing High 0 0.000 0.000 0.000
Medium 21 0.408 0.508 0.100
Low 18 0.228 0.384 0.156
Overall 39 0.325 0.451 0.126

Table 1: Descriptive statistics of CBI dataset divided by initial CBI level and country type 
Inflation Levels (Developed)

Variable I II III IV
DCBI -0.0364 **

-0.1171
HIGH 0.1132 *** 0.1115 *** 0.0925 ***

0.0249 0.0273 0.0251
MEDIUM -0.1309 * -0.1290 -0.3518

0.0756 0.1059 0.9944
LOW -0.0289 * -0.0284 -0.0755 **

0.0156 0.0210 0.0282
POLITY -0.0001 -0.0017

0.0008 0.0018
OPENESS 0.0000 -0.0001

0.0002 0.0002
MED*POLITY 0.0074

0.0235
LOW*POLITY 0.0015

0.0024
MED*OPENESS 0.0055

0.0463
LOW*OPENESS 0.0015 *

0.0008
CONSTANT -0.0610 *** -0.0592 *** -0.0585 *** -0.0524 ***

0.0061 0.0057 0.0083 0.0086

ADJUSTED R2 0.0613 0.2419 0.1584 0.1472
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Table 2: Regression results for CBI and inflation, developed countries
Inflation Levels (Developing)

Variable I II III IV
DCBI -0.1746

0.2085
MEDIUM -0.7117 * -0.5940 1.2239 ***

0.3912 0.3569 0.3717
LOW -0.0609 0.1613 -0.0692

0.1217 0.1031 0.2497
POLITY -0.0097 ** 0.0004

0.0028 0.0035
OPENESS 0.3569 0.0008

0.0007 0.0008
MED*POLITY -0.1618 ***

0.0403
LOW*POLITY -0.0305 *

0.0150
MED*OPENESS -0.0271 ***

0.0086
LOW*OPENESS 0.0132 *

0.0025
CONSTANT 0.0232 0.0498 0.1001 ** 0.0092

0.0316 0.0318 0.0411 0.0447
ADJUSTED R2 -0.0023 0.1129 0.2113 0.4439

Table 3: Regression results for CBI and inflation, developing countries
Inflation Variance (Developed)

Variable I II III IV
DCBI -0.0014

0.0012
HIGH 0.0039 * 0.0019 0.0003

0.0017 0.0015 0.0013
MEDIUM -0.0141 * -0.0178 * -0.0546

0.0076 0.0099 0.0609
LOW -0.0004 -0.0017 -0.0045 **

-0.0004 0.0014 0.0019
POLITY 0.0001 0.0000

0.0001 0.0001
OPENESS 0.0000 0.0000

0.0000
MED*POLITY 0.0006

0.0014
LOW*POLITY 0.0000

0.0001
MED*OPENESS 0.0010

0.0028
LOW*OPENESS 0.0001 **

0.0000
C -0.0014 *** -0.0011 ** -0.0003 0.0002

0.0005 0.0004 0.5754 0.0005

ADJUSTED R2 -0.02563 0.33577 0.3298 0.6308
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Table 4: Inflation variance and CBI in developed countries 

Inflation Variance (Developing)
Variable I II III IV
DCBI -0.0251

0.0228
MEDIUM -0.0999 ** -0.0902 ** 0.0907 *

0.0451 0.0421 0.0500
LOW -0.0092 0.0080 -0.0180

0.0089 0.0101 0.0301
POLITY -0.0007 * -0.0001

0.0003 0.0006
OPENESS -0.0001 * 0.0000

0.0001 0.0001
MED*POLITY -0.0148 ***

0.0048
LOW*POLITY -0.0002

0.0023
MED*OPENESS -0.0033 **

0.0013
LOW*OPENESS 0.0005

0.0005
C 0.0000 0.0037 0.0026 ** 0.0013

0.0029 0.2212 0.0037 0.0054

ADJUSTED 
R-SQUARED 0.0272 0.2617 0.3025 0.5534
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sHock, and civiL conFLict
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1 Introduction

There is good cause for civil conflict to be studied so extensively.  Civil conflict is 
widespread.  Since World War II there have been nearly 200 civil wars resulting in nearly 
400,000 deaths and over three million displacements (Doyle and Sambanis, 782).  Civil 
conflict causes tremendous human suffering, not only directly, but also in the cycle of extreme 
poverty and underdevelopment that it perpetuates.  It often affects and involves neighboring 
states and engages the interests of distant powers and international organizations.  Perhaps 
most relevant for academic study, policymakers continue to reassess how to deal with the 
problem (Brown, 3).  As such, there is great impetus and opportunity for researchers to 
bring about a better understanding of civil conflict and positive change in the world.

My particular interest in civil conflict stems from my intended profession as a Naval 
Special Warfare officer.  Humanitarian crises and terrorist threats from failed states often 
lead to United States military involvement in foreign civil wars.  As someone potentially 
on the ground, I would like to better understand the causes of these conflicts and how to 
help prevent them.

This paper explores how inequality and identity, economic shock, and their interaction 
impact the risk of civil conflict.  It builds on initial large-N cross-country studies by 
Gudrun Østby in the new field of horizontal inequality—systematic inequality between 
culturally-formed identity groups.  A panel data set of 55 developing countries from the 
years 1986-2003 is employed using data from USAID Demographic and Health Surveys 
and the World Bank’s World Development Indicators.  Horizontal inequalities between 
ethnic, religious, and regional groups are compared to vertical inequality measured by Gini 
coefficients in logit regressions.  We find that horizontal inequality significantly increases 
the risk of civil conflict while vertical inequality does not.  Horizontal inequalities are then 
interacted with economic shock measured by changes in GDP growth and terms of trade 
in logit regressions.  We find weak evidence that terms of trade shock increases the risk 
of civil conflict but no evidence for GDP growth shock.  The results are also inconsistent 
and insignificant for the interaction terms.  This suggests that the presence of horizontal 
inequality does not increase the risk that economic shock will lead to civil conflict. 

ABSTRACT



CASEY OSWALD 199

The literature on civil conflict is old and vast.  Recent studies have concluded that 
economic inequality and ethno-religious fractionalization are not significant causes of 
civil conflict.  A new body of research, however, is exploring alternative approaches to 
inequality and identity under the rubric “horizontal inequality.”  In a speech to the World 
Bank staff in 1999, former United Nations General-Secretary Kofi Annan said, “What is 
highly explosive is... ‘horizontal’ inequality: when power and resources are unequally 
distributed between groups that are also differentiated in other ways—for instance by race, 
religion or language” (Annan).  Whether between ethnic groups in Indonesia, religious 
groups in Northern Ireland, or regional groups in Senegal, considerable theoretical and 
case study research argues that political, social and economic inequalities increase the risk 
of civil conflict (Stewart).  To date, however, the only large-N cross country studies of 
horizontal inequality were developed by Gudrun Østby (2008a, 2008b).

This paper builds on Østby’s work, employing her dataset of civil conflict and 
socioeconomic horizontal inequalities between ethnic, religious, and regional groups in 
55 developing countries in the years 1986-2003.  We directly test the impact of horizontal 
inequality against the impact of vertical inequality measured by Gini coefficients in logit 
regressions.  The findings are that horizontal inequality significantly increases the risk of 
conflict while vertical inequality does not.  

Kofi Annan’s remarks on horizontal inequality continued that “economic stagnation 
or decline—sometimes caused by factors quite outside a government’s control, such as 
deterioration in the terms of trade—do make conflict more likely.  As resources get scarcer, 
competition for them gets fiercer, and elites use their power to retain them at everyone else’s 
expense”  Following this line of reasoning, we test whether economic shock increases the 
risk of civil conflict and whether economic shock is more likely to cause civil conflict if 
high horizontal inequalities are present.  We develop two measures of economic shock: 
GDP growth significantly below a five-year mean and a fall in terms of trade.  The results 
of logit regressions are mixed, with evidence that a terms of trade shock increases the risk 
of civil conflict but with insignificant and inconsistent results for GDP shock and for the 
horizontal inequality-economic shock interaction.

2 The Civil Conflict Literature

Economic approaches to understanding civil conflict have evolved over time.  Developed 
in the 1950s, modernization theory explains civil conflict as the result of rapid growth 
rates and structural changes which accelerate and intensify group competition for scarce 
resources.  This theory, however, fails to explain the onset of conflict in countries or time 
periods that have not experienced significant economic development.  More generally, 
economists have applied the principles of rational choice theory to civil conflict with 
considerable success.  This approach explains individuals’ decisions to initiate conflict in 
terms of the tradeoff between expected gains and opportunity costs, notably in analyzing the 
rational rent-seeking behavior of faction leaders. It considers the importance of preferences; 
perceptions; and asymmetric, limited information.  Game theory has also been employed 
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to explain perpetual violence as a problem of credible commitment (Sambanis, 220-221).
Extensive econometric research has supported and dismissed many potential causes 

of civil conflict.  Recent studies consider causes in terms of greed and grievance, that 
is, opportunities and motives to rebel.  Finding that high primary commodities exports 
are associated with greater conflict risk, Collier and Hoeffler emphasize the availability 
of finance, arguing that insurgent ability to extort natural resources is an opportunity for 
rebellion.  They also find evidence from GDP per capita, GDP growth, and male education 
that civil war is more likely when rebels have minimal foregone income opportunities.  
Additionally, population disbursement and mountainous terrain, as instruments for rebel 
military advantage, are shown to be significant.  Other significant causes of civil war are 
population size and conflict history—the time elapsed since a previous conflict (Collier).  
While the research design for many of these studies could be scrutinized for potential 
multicollinearity problems, their results are generally robust and are widely accepted 
(Gudrun Østby).

Multiple studies have found a correlation between economic shock and civil conflict.  It 
is very difficult, however, to determine causality in this relationship because civil conflict 
often leads to serious economic downturn (Rwanda, for example, suffered a 55% decline 
in GDP in one year of its civil war) and the onset time of both shock and conflict are often 
ambiguous (World Bank).  Miguel, Satyanath and Sergenti effectively address endogeneity 
problems by employing an instrumental variables approach.  They find economic shock 
to have a strong causal effect on the likelihood of civil conflict in Sub-Saharan African 
countries.

A consensus has developed recently against identity (popularly measured by ethno-
religious fractionalization) and inequality as causes of civil conflict.  Ethno-religious 
fractionalization is a sociological argument that conflict increases in countries with greater 
diversity of ethnic and religious groups.  The traditional inequality argument contends that 
greater income inequality between individuals (usually measured by Gini coefficient or 
quintile shares) increases the likelihood of conflict.  Recent econometric studies by Collier 
and Hoeffler and Fearon and Laitin, however, failed to find significant results.  These 
papers have led to a widespread rejection of ethno-religious fractionalization and economic 
inequality as causes of civil conflict and a similar de-emphasis of identity and inequality in 
the conflict literature. 

3 Alternative Approaches to Identity and Inequality

This paper aligns with a growing body of literature that insists that identity and 
inequality are, in fact, very relevant to understanding civil conflict but have not been 
understood correctly.  The literature takes as its cornerstone Aristotle’s thesis that “man 
is a social animal.”  Conflict is a group phenomenon; people do not fight each other 
randomly, individual versus individual (Stewart, 7).  Traditional explanations of this group 
phenomenon take the individual as the unit of analysis and thereby fail to capture important 
group aspects of identity, grievance and mobilization.  Ethnicity, religion, et cetera should 
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not be viewed in terms of fractionalization, where number and diversity of identities are 
emphasized.  Inequality should not be viewed “vertically”—comparing individuals against 
society as a whole, which we refer to in this paper from now on as “vertical inequality.”  
These individual measures fail to explain group conflict in intuition and empirics.

New approaches to identity and inequality begin with the premise that human self-
understanding is in relation to others.  Relative measures must be considered alongside 
absolute measures.  People identify with and against others.  People make judgments of 
well-being by comparing and contrasting with others.  The concepts of polarization and 
horizontal inequality have been developed in recent years to apply this understanding in 
a measurable way to civil conflict.  They seek to capture the collective aspect of relative 
deprivation.   Both polarization and horizontal inequality theory argue that a primary cause 
of civil conflict is alienation between societal groups enforced by cohesion and identity 
within groups (Østby, 2008a 146).

The concept of polarization was developed by Esteban and Ray to measure the extent to 
which the distribution of individuals in society is clustered.  In contrast to fractionalization, 
polarization hypothesizes that the potential for conflict increases with fewer, larger 
societal groups.  A society split into two well-defined groups with substantial intragroup 
homogeneity and intergroup heterogeneity is particularly likely to experience social unrest 
and ultimately conflict (Esteban, 823).  Polarization is one dimensional, with identification 
and inequality measured by the same characteristic. Polarization can be ethnic—the division 
of society into fewer, larger ethnic identities—or economic—the clustering of society into 
distinctive income groups.  Empirical results for the impact of polarization on civil conflict 
have so far been mixed (Sambanis, 236).

The concept of horizontal inequality rests at the intersection of identity and inequality, 
combining ethnic and economic polarization into one measure.  This new and growing field 
of research was formally developed by Frances Stewart, director of Oxford’s Center for 
Research on Inequality, Human Security and Ethnicity in 2001.  Horizontal inequality theory 
posits that cultural cleavages that coincide with systematic socioeconomic inequalities 
may enhance both collective grievances and group cohesion.  In contrast to traditional 
measures of vertical inequality between individuals, Stewart defines horizontal inequalities 
as “systematic inequalities between culturally formed groups.” 

Unlike polarization, horizontal inequality is a two-dimensional measure.  Group identity 
is based on cultural categories (such as ethnicity, religion, region, gender, age, or civic 
membership) while inequality is measured economically, socially, or politically (such as 
by income level, education level, or access to public office).  Cultural identity presents 
challenges for objective, descriptive measurement because it is, at least in part, a socially 
constructed category.  Some categories are more permanent than others; people can change 
their membership in a civic organization, for example, much more easily than they can 
change their gender or race (Stewart).  Identity is rigid in some circumstances and fluid in 
others.

Systemic inequality can make cultural identity a politically relevant and inflexible 
category.  Identity itself is not enough to cause conflict.  Group mobilization requires 
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a motivation which can be found in shared group grievance.  The existing literature on 
inequality narrowly focuses on economic inequality as measured by income, but various 
types of political, social, and economic inequality can all be sources of group grievance 
(Stewart).

Horizontal inequality is a powerful concept because it captures the explosive nexus 
between identity and inequality.  Identity and inequality reinforce each other.  Cultural 
identity solidifies under commonly experienced inequality and grievance while cultural 
identity, in turn, facilitates mobilization much more than grievance on its own.  Common 
identity helps overcome the collective action problem.  Leaders can maintain cohesion 
and motivation by drawing on the legitimacy, symbols, and trust derived uniquely from 
common cultural identity.

Horizontal inequality can increase the risk of civil conflict by mobilizing both 
disadvantaged and privileged groups to rebellion.  Members of poor groups often feel 
frustration and antagonism toward central authority, especially when the relative deprivation 
is the direct result of discrimination and exploitation on account of their ethnicity, religion, 
or region.  When people in rich groups or regions perceive a central government’s policies 
as unfair and authoritarian or fear future redistributive or oppressive action, they may 
prefer greater autonomy or secession over the maintaining the status quo (Østby, 2008b, 6).

This paper expands on the new and growing literature on horizontal inequality as a cause 
of civil conflict.  We test two main hypotheses:

H1: Horizontal inequality is a more significant cause of civil conflict than vertical 
inequality.

CONFLICT = αO + α1HI + α2VI + αxX + ε
α1 is positive and significant and α1 > α2

This is intended to further clarify econometric tests by Gudrun Østby (2008a) 
demonstrating the importance of horizontal inequality over vertical inequality.  We compare 
the two variables directly in the same equations, using the most widely accepted measure 
and data for testing vertical inequality—Gini coefficients from Deininger and Squire and 
the World Development Indicators.

H2: Presence of horizontal inequalities increases the risk that economic shock will 
cause civil conflict.

CONFLICT = βO + β1SHOCK + β2SHOCK*HI + β3HI + βxX + ε
 δCONFLICT/δSHOCK = β1 + β2HI
β1, β2, and β3 are positive and significant and β2 > (β1 and β3)

This hypothesis integrates the literature on civil conflict and economic shocks with the 
literature of civil conflict and horizontal inequalities.  The economic shock literature argues 
that shocks alter individuals’ rational cost-benefit decision to engage in armed conflict.  
Diminished economic prospects decrease the opportunity costs of conflict (Miguell).  
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Building on Kofi Annan’s 1999 speech to the World Bank staff, we argue that economic 
shock poses a greater risk of leading to civil conflict when horizontal inequalities are 
present (Annan).  In countries with high horizontal inequality, shock will be felt similarly 
within and differently between identity groups, heightening group grievances, and easing 
the collective action problem.  Whereas social unrest may increase in a homogenous society 
of unorganized individuals during an economic shock, identity groups can serve as focal 
points to mobilize individuals into organized conflict.  Horizontal inequality is the channel 
by which individual grievances in times of economic hardship translate into civil conflict.  
For this theory to be supported in the regressions, we would expect the interaction term 
to be positive.  The sum of the coefficients for economic shock and the interaction term 
should be higher than the coefficient for economic shock alone.

4 Research Design

To test the hypotheses we employ logit regressions on a sample of 55 developing 
countries from 1986-2003.  The dependent variable is civil conflict and the core independent 
variables are horizontal inequalities, vertical inequality, and economic shock.  We control 
for population, development, and conflict history.

4.1 Dependent Variable
The dependent variable is onset of civil conflict.  The data come from the Armed Conflict 

Dataset developed by the University of Uppsala, Sweden and the International Peace 
Research Institute in Oslo, Norway (Gleditsch).  Uppsala/PRIO defines a civil conflict 
as “a violently contested incompatibility which concerns government and territory using 
armed force between two parties, of which at least one is the government of a state.”  It 
provides a more inclusive definition of civil conflict than other civil conflict databases, 
recording all conflicts with a threshold of 25 battle deaths per year.  The variable is binary, 
taking the value of one for years in which a conflict begins and zero in all other years.  
Following Østby (2008b), we omit consecutive years of conflict, such that two countries 
for which horizontal inequality data is available, India and the Philippines, are completely 
excluded from the sample due to conflicts that continue throughout the 1986-2003 time 
period.  We set time intermittency at two years, so that a conflict beginning in the second 
year after the conclusion of hostilities is marked as a new conflict onset.  For this paper, 
civil conflicts which become internationalized are included and not distinguished from 
completely internalized conflicts.

4.2 Horizontal Inequality
Horizontal inequality categorizes and measures inequality by separate dimensions.  

Frances Stewart et al consider the specifications for constructing an unbiased, consistent, 
and descriptive horizontal inequality variable.  An ideal measure would include all groups 
within an identity category and would weight groups by population size.  Gini or Theil 
coefficients could be adapted to measure within and between group inequalities so as to be 
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effective measures of horizontal inequality.  Such a measure could capture both between-
group alienation and within-group cohesion (Stewart).  Constructing a cross-country index 
by such a measure, however, is inhibited by technical difficulties and insufficient data.

This paper employs the only large-N cross-country panel dataset of horizontal inequality 
constructed so far.  Compiled by Gudrun Østby in 2008, it measures horizontal inequality 
by household assets and by education between three identity categories: ethnicity, religion, 
and region.

Østby aggregates the horizontal inequality measures from micro-level data in the USAID 
Demographic and Health Surveys (DHS).  DHS is a research project on population and 
health of women and children, which conducted 123 surveys in 61 developing countries 
between 1986 and 2003 (Østby, 2008b).  Those surveys included in the construction of the 
horizontal inequality measures in the panel data set are listed in Table 7.  DHS surveys have 
the advantage of being large sample size, random sample surveys conducted in a highly 
standardized way across countries.  The survey questions which are employed to construct 
the horizontal inequality measures are objective and straightforward, providing reliable 
results (Østby, 2008a).

Horizontal inequality is measured separately by household assets and education, which 
can be seen as proxies for economic and social inequality.  Because DHS surveys do not 
record income or consumption directly, the assets measure is aggregated from dummies of 
whether or not a household has electricity, a radio, a television, a refrigerator, a bicycle, and 
motorcycle or car (Østby, 2008b).  The education measure is aggregated from household 
years of education completed (Østby, 2008a).

The measure of horizontal inequality is calculated from the difference between the 
asset and education levels of the two largest ethnic or religious groups in the country (for 
regions, it is the difference between the capital region and the average of all other regions).  
The final horizontal inequality score is calculated by the following equation, where Ai1 and 
Ai2 are the mean asset and education scores of the largest two groups (or capital and non-
capital regions) and M is the total assets possible (Østby, 2008b):

.
Østby’s horizontal inequality measure has the advantage of being simple and 

straightforward.  Like the Gini coefficient, it has intuitive meaning, ranging zero to with 
zero being low inequality and one being the highest.  It also makes effective use of very 
limited data, generating 1,100 country-year observations in 55 developing countries from 
1986-2003.

The measure also has several serious problems.  The first is endogeneity (i.e., horizontal 
inequalities could be caused by civil conflict rather than cause it).  To generate enough 
data, Østby interpolated and extrapolated horizontal inequality scores from only one, two, 
or three surveys per country.  Because inequality (whether horizontal or vertical) changes 
only very slowly, however, direction of causality can still be reasonably inferred (Østby, 
2008b).  Second, the measure only compares the two largest ethnic or religious groups 
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potentially leaving out smaller but politically crucial groups.  In Malaysia, for example, 
the measure would include only ethnic Malays and Indians, excluding the economically 
powerful Chinese minority.  Finally, the sample suffers from potential selection bias.  For 
safety reasons, DHS surveys are not conducted in particularly war-ridden countries.  In 
some countries which did host surveys, questions of ethnicity were censored because of 
their political sensitivity.  This reduces the sample size for ethnic inequality from 1,100 
to 700 observations.  These selection biases, however, tend to omit cases supporting the 
hypotheses and put possible downward bias on the results (Østby, 2008a).

4.3 Vertical Inequality
Vertical inequality is measured by Gini coefficients based on data from Deininger and 

Squire (1996) and the World Bank’s World Development Indicators.  Østby (2008a) finds 
vertical inequality to be insignificant using her own DHS survey-based measure.  We retest 
this conclusion using the most widely accepted measure of vertical income inequality 
in the literature to confirm the results.  These data also requires some interpolation and 
extrapolation but should still be credible due to slow changes in inequality over time.

4.4 Economic Shock
We construct two separate measures of economic shock based on changes in GDP 

growth and in terms of trade.  Both measures utilize data from the World Bank’s World 
Development Indicators.

The GDP growth measure is constructed to reflect deviation from growth expectations.  
We create two variants of a binary variable in order to test the magnitude of economic 
shock required for it to significantly increase the likelihood of civil conflict.  The first 
variant defines shock as annual GDP growth one-half standard deviation below mean GDP 
growth for the previous five years.  The second variant defines shock as one full standard 
deviation below the five-year mean.

The terms of trade variable reflects the important economic implications of changes in 
export and import prices in developing countries.  We measure shock by the percentage 
change in terms of trade between the year and the previous year.

Economic shock measures also suffer from endogeneity problems (i.e., civil conflict 
can lead to economic shock).  There is no instrument for shock that is consistent for a 
worldwide cross-country sample such as used by Miguel, Satyanath and Sergenti in their 
study of Sub-Saharan Africa.  Consequently, to take endogeneity into account as much as 
possible, we lag all measures for shock.  We lag all shock variables by both one and two 
years for robustness.

4.5 Controls and Statistical Model
To minimize multicolinearity, only the most widely accepted controls in the civil conflict 

literature are used: population, development, and conflict history.  Population is measured 
by lnpopulation lagged one year.  Economic development is measured by lnGDP in constant 
1996 US$ lagged one year.  Conflict history is measured by the number of peace years 
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since secession of previous hostilities.  These variables are used in Østby (2008a, 2008b) 
and Gleditsch.  Because the sample only includes developing countries, the observations 
share many common country characteristics, allowing for a restricted number of controls.

The hypotheses are tested using a logit regression with country-clustered standard errors.  
This model predicts the probability of civil war onset by fitting data to a logistic curve.  
Following Østby (2008a, 2008b), we utilize cubic splines to account for time dependence.

5 Results

We test the effect of horizontal and vertical inequality, economic shock, and various 
interaction variables on the probability of civil conflict.  Table 1 lists correlations between 
inequality measures.  Although there is a theoretical relationship, empirically vertical 
inequality is not found to be highly correlated with any of the six measures of horizontal 
inequality (Stewart).  In contrast, all measures of horizontal inequality are found to be 
correlated with each other, mostly closely between common asset/education and identity 
categories.

We find strong evidence in support of Hypothesis 1 that horizontal inequality is a more 
significant cause of civil conflict than vertical inequality.  As shown in Table 2, vertical 
inequality is insignificant and not correlated with civil conflict when regressed on its own 
(Model 1) or regressed together with any of the six socioeconomic horizontal inequality 
measures (Models 2-7).  This is consistent with results from Collier and Hoeffler (2004), 
Fearon and Laitin (2003), and Østby (2008a) that inequality, as traditionally understood 
between individuals, does not increase the likelihood of civil conflict.

These results contribute uniquely to the literature as a robustness check on the significance 
of horizontal inequality.  Because horizontal and vertical inequalities are intuitively related, 
it is important to include both variables in one regression to determine how one affects 
the other.  We regress each of Østby’s horizontal inequality measures together with the 
most widely accepted measure and accurate data for vertical inequality.   That horizontal 
inequality is found to be positive and highly significant, while vertical inequality is found to 
be insignificant strengthens the horizontal inequality argument.  The horizontal inequality 
variable is positive for all six measures and significant for all but ethnic inequality (the 
measure which is least reliable because it has the lowest number of observations).

Furthermore, as shown in Table 3, when vertical inequality is removed, socioeconomic 
horizontal inequality is a significant and strong predictor of civil conflict in all six categories.  
The marginal effect is such that if, for example, the level of regional asset inequality is 
increased to the 95th percentile while holding other explanatory factors at their mean, the 
probability of civil conflict onset increases from 3.8% to 9.8% (Østby, 2008b, 16).  This 
result represents more than double the likelihood of a conflict year being drawn randomly 
from the entire sample.

The results do not support the second hypothesis.  We find weak evidence that economic 
shock as measured by change in terms of trade increases the risk of civil conflict but 
no evidence for economic shock measured by change in GDP growth.  The results for 
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the interaction term are insignificant and inconsistent.  Hypothesis 2 predicts positive 
coefficients for inequality, shock, and the interaction term.  We run 36 regressions to test 
Hypothesis 2 so as to observe every combination of horizontal inequality by all six measures 
and economic shock at one and two year lags, measured by change in GDP growth at one 
half and one standard deviation and by change in terms of trade.  None of the regressions 
fully support the hypothesis.  Because of this, the results are presented in summary form 
in Tables 4, 5, and 6 to best display the inconsistencies and trends across regressions.  The 
significance and sign for each core variable are recorded.

The results provide some support that economic shock increases the likelihood of civil 
conflict, which is consistent with previous econometric studies (Miguel).  The terms of 
trade shock variable is significant for four of twelve tests and has a substantial positive 
coefficient for each of these (Table 6).  For example, if the insignificant interaction term is 
removed, and the level of ethnic asset inequality and other explanatory variables are held at 
their mean while terms of trade shock (lagged one year) is increased to the 95th percentile, 
the probability of civil conflict onset increases from 4.2% to 6.1%.  Though not as large a 
marginal effect as for most of the horizontal inequality measures, terms of trade shock has 
a meaningful result.

The insignificant and inconsistent GDP growth results could have multiple explanations.  
The variable as constructed may not accurately capture a GDP growth shock because the 
selection of five years as the mean is arbitrary – the mean includes the year in question, 
or other potential reasons.  The sample size may also be insufficient, with only 471 
observations from 34 countries because of missing data.  More intuitively, GDP growth, 
as the data is compiled, may be a slow measure of shock that itself responds to another 
exogenous economic changes.  Terms of trade shock may be significant while GDP growth 
is not because many developing countries are highly import and export dependent.  As 
a result, terms of trade shocks could be felt more instantly, acutely, and unevenly across 
demographic groups than GDP growth and thereby be more likely to trigger conflict.  Not 
all developing countries have high trade flows, however.  Terms of trade shock may be 
found even more significant using only a subsample of the countries for which exports 
made up a significant percentage of GDP.

The inconsistent and largely insignificant interaction terms do not support the hypothesis 
that economic shock is more likely to cause conflict in the presence of horizontal inequalities.  
Because the GDP growth shock variable itself is insignificant and its coefficients are small 
and change signs, similar results for the interaction term are expected (see Tables 4 and 
5).  The interactions using the terms of trade measure of economic shock actually provide 
some support for the opposite effect, as the four statistically significant results have a 
negative sign (see Table 6).  This suggests that economic shock causes less risk of civil 
conflict when horizontal inequalities are present, a result with no intuitive explanation.  
This surprising result is not particularly meaningful, however, because the coefficients 
for the interaction term are very close to zero.  The most plausible interpretation for the 
inconsistent, insignificant, and weakly negative results for the interaction terms is that 
there is not a strong relationship between horizontal inequality, shock, and civil conflict.
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5.1 Robustness
Weaknesses in the research design tend to be biased against the hypotheses. As discussed 

in Section 4, country selection and ethnicity and religion question omission for safety and 
political concerns in the DHS surveys put a downward bias on the results.  Additionally, the 
control variables for population, development, and conflict history were rarely significant 
in our specifications despite being consistently significant in other studies (Collier, 
Fearon).  The relatively small sample size and short time period likely explain these 
results.  This suggests that the significant horizontal inequality results are highly robust 
and the insignificant shock and interaction findings could possibly be significant under an 
alternative specification.

Multiple variations on the economic shock and interaction variables, however, indicate 
that these findings are fairly robust.  Though a wider sample size could yield different 
results, it is likely that there is no significant interaction between shock and horizontal 
inequalities.

There is some concern that the results are the unique product of the particular specification.  
The ratio of conflict onsets to control cases is highly skewed, so that individual cases could 
unduly drive results (Østby, 2008a,s156).

To determine the explanatory range of horizontal inequality, we run ordered logit 
regressions on political instability instead of civil conflict. The dependent variable is 
a qualitative measure of political instability on a 0 – 5 scale developed by the Political 
Instability Task Force at George Mason University (Bates).  None of the results for any 
measure of horizontal inequality are significant.  This suggests that horizontal inequality 
can explain strict onset of civil conflict but not a wider range of political instability and 
state failure.  This result appears consistent with the intuition.  Political instability includes 
measures of assassination and coup attempts and social unrest, which are individual or small 
group actions or are relatively unorganized as compared to rebellion.  Horizontal inequality 
increases the risk of civil war by serving as a focal point for mobilization, transforming 
social unrest into civil war.  As such, increased horizontal inequality would result in a one-
digit shift on the political instability index whereas it causes a 0 to 1 fully predictive change 
on the onset of armed conflict index.

6 Conclusion

This paper tests the relationship between horizontal inequality, economic shock, and 
civil conflict onset. Building on initial large-N cross-country econometrics by Østby 
(2008a, 2008b), we provide additional support that horizontal socioeconomic inequality—
between ethnic, religious and regional groups and measured by assets and education—
significantly increases the risk of conflict while vertical inequality does not.  We find 
some support that economic shock increases the likelihood of civil conflict.  Change in 
terms of trade is somewhat significant while change in GDP growth is not, suggesting 
that terms of trade shock is felt more acutely and is more likely to trigger conflict in trade 
dependent developing countries than other types of economic shock. Inconsistent and 
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largely insignificant interaction terms fail to support the hypothesis that economic shock is 
more likely to cause conflict when horizontal inequalities are present.

These results have important policy implications for developing countries, donor 
countries, and international institutions. The resources available for development are 
limited and must be spent wisely.  The most conflict-prone countries should be prioritized 
for preventative policies.  This requires predictive models of civil conflict with increased 
sensitivity and specificity.  The literature identifies conflict-prone countries by serious past 
conflicts, low income, economic stagnation, and significant horizontal inequalities.  This 
paper confirms these findings and places particular emphasis on horizontal inequalities 
and economic decline, especially deterioration in terms of trade. Due to the strength of the 
horizontal inequality results, we recommend prioritizing even middle-income countries 
with high horizontal inequality over poor countries with low horizontal inequality.

Development is the primary strategy adopted for preventing civil conflict.  Development 
policy, however, must be designed to address the specific causes of conflict.  The policies, 
which, ceteris paribus, maximize economic growth, often distribute its benefits inequitably, 
reinforcing horizontal inequalities and actually increasing the risk of civil conflict.  Instead, 
policies must specifically aim to limit and narrow horizontal inequality.  By considering the 
devastating effects of conflict and its causes, political economy models may actually result 
in higher economic growth than strictly economic models in the long run.

A pro-peace development strategy must emphasize equitable and poverty-reducing 
growth.  Such a strategy would likely include measures to promote human development 
especially through broadening education access, measures to increase savings and 
investment, price, and technology policies to encourage labor-intensive industry, new credit 
institutions that extend credit to those of low income, measures to encourage the informal 
sector, land reform and support for small farmers, and international policies to improve 
market access and reduce debt burdens.  The significant results for terms of trade shock 
over GDP growth shock also suggest that policies directed against economic vulnerability 
should emphasize price stabilization for key commodities during periods of trade shock.

Much research remains to be done in the field of horizontal inequality and civil conflict.  
The greatest inhibition to further studies is the absence of a comprehensive cross-country 
horizontal inequality index.  Østby broke ground with her 55-country panel dataset, but 
more countries; a larger time period; and more inclusive, weighted measures of identity are 
needed to yield conclusive and generalized results.  A comprehensive index of horizontal 
inequality would facilitate the study of numerous intervening and condition variables on 
a cross-country level.  Further empirical work could test the channels by which horizontal 
inequalities mobilize groups into conflict.  It could also explore how regime type, economic 
institutions, and perceptions condition the effects of objective horizontal inequality.
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uk Labor Market

Keval Sangani
University of Warwick

This paper investigates earnings differentials for different ethnicities in the UK. A lot 
of current literature explaining the wage gap focuses only on racial disadvantage. Only 
a few studies have shown that some of the observed pay disadvantage to non-whites 
can be explained by differences in human capital endowments and socio-economic 
characteristics.1 For example, it has been shown2 that ethnic minority groups on average 
have lower qualifications than whites, although the educational achievement of minorities 
has been increasing.

The paper will examine data on the hourly pay of white individuals against the hourly 
pay for non-white individuals. Many papers have shown such discrepancy but do not take 
into account of personal characteristics. This paper, however, will show how personal 
characteristics between whites and non-whites may be the reason for differences in hourly 
wages. Elliot and Lindley3 found that, although occupational segregation and socio-
economic factors provided a partial explanation for the raw earnings differential, there was 
still evidence of ethnic based disadvantages in most occupations.

1 Introduction

The technique of conducting carefully controlled field experiments to measure 
discrimination in the market place is 35 years old.4 Such experiments have extended across 
ten countries. Significantly, persistent and pervasive levels of discrimination have been 
found against non-whites and women in labor, housing, and product markets. It is now 
more important to make the econometric techniques used and its findings more widely 
known to economists, especially as the UK has made such discriminatory practice illegal.

To summarize this paper, I investigated the hourly pay differentials between white and 

1 Blackaby, D.H, Leslie, D.G, Murphy, P.D and O’Leary, N.C (1998) – The Ethnic Wage Gap and 
Employment Differentials in the 1990’s: Evidence for Britain, Economic Letters, 5, 97-103. 
2 Bhattacharya, G.Ison, L. and Blair, M (2003) – Minority Ethnic Attainment and Participation in 
Education and Training.
3 Robert J.R. Elliott, Joanne K. Lindley (2006) – Immigrant Wage Differentials, Ethnicity and Oc-Robert J.R. Elliott, Joanne K. Lindley (2006) – Immigrant Wage Differentials, Ethnicity and Oc-
cupational Clustering
4 P.A.Riach and J.Rich (2001) – Field Experiments of Discrimination in the Market Place.
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non-white individuals in the UK using the Labour Force Survey for July-September 2007. 
Any pay differentials between the two race groups are then investigated further to explore 
whether other characteristics such as occupation, training, hours of work, and personal 
characteristics are responsible for differences in pay. This explores whether pay differences 
are due to characteristics other than race.

2 Literature Survey & Justification for Variables Used

Discrimination against non-whites can be said to exist whenever the relative wage of 
whites exceeds the relative wage that would have prevailed if whites and non-whites were 
paid according to the same criteria.5 This notion was formalized by Oaxaca by proposing 
the concept of a discrimination coefficient as a measure of discrimination:

0
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where )/( NWW WW = the observed white-non-white wage ratio and 0)/( NWW WW  = t h e 
white-non-white wage ratio in the absence of discrimination.

An equivalent expression in natural logs is:
0)/ln()/ln()1ln( NWWNWW WWWWD −=+

Becker6 defined the market discrimination coefficient as the percentage wage differential 
between two types of perfectly substitutable labor. Using this argument, if there were 
no discrimination, the wage structure currently faced by non-whites would also apply 
to whites. This says that in the absence of discrimination, non-whites on average would 
receive the same wages as they presently receive, but the discrimination takes the form of 
whites receiving more than a non-discriminating labor market would award them. Oaxaca5 
argues that the wage equation to be estimated for each race or sex group has the semi-log 
functional form:

iiii uZW += b)ln(  for i=1, …, n
where =iW hourly wage of ith worker.

 =iZ individual characteristics
 =b coefficients
 =iu error term
Therefore, as this paper seeks to observe the percentage change in hourly wage, a log-

linear model shall be used (as shown above). Many employment contracts specify that, for 
each additional year of service, a worker gets a certain percentage increase in his or her 
wage. This percentage relationship suggests estimating the log-linear specification so that 
any increase in a certain variable leads to a certain percentage increase in hourly wage.7 

As stated in the introduction to this paper, there is much research based on racial 
discrimination and the wage gap between different ethnicities. The dummy variable 
ethnonwhite has been created and used to compare the wages of non-whites against the 
5 Ronald Oaxaca (1973) – Male-Female Wage Differentials in Urban Labour Markets
6 Becker, Gary S. (1957) – The Economics of Discrimination
7 James H.Stock, Mark.W Watson (2007) – Introduction to Econometrics
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wages of white individuals. Blackaby2,8 separated the groups according to white vs. non-
white and Elliott & Lindley4 also divided their data in a similar way (using natives vs. 
immigrants); Reimers9 decomposed data into many ethnic groups. However, this paper 
will focus on whites vs. non-whites to ensure the regression results do not suffer from an 
inadequate sample size. 

A dummy variable called male has been included to differentiate between male and 
female workers to control for any sexual discrimination. Oaxaca5 found a “chronic earnings 
gap between male and female workers.” Fuchs10 used the 1960 US Census to calculate the 
hourly earnings of females relative to males to be 0.6. Cohen’s11 study of sex differentials 
found an annual wage difference of $5,000 for full-time employed males and females from 
a 1969 working conditions survey.

Separate dummy variables for each of the industries have been created to control for the 
human capital differences among them.12 The industry and occupation combined account 
for a greater proportion of earnings variation than demographic controls, experience, and 
schooling.13

Edage is the variable representing education. It shows the age that each individual 
finished their education; hence a larger value implies a longer time spent in education. On 
average, earnings rise with the level of education and different educational specifications 
may affect sex- and race-based earnings estimates.14 Schmitz (1994)15 concludes that any 
bias in the education specification may affect the measured differences in distributions. 
Although more education increases earnings, it does so at a declining rate. The conventional 
empirical method of capturing declining investments over time is to specify the earnings 
equation using a quadratic term for education.14 For this reason, I shall include both a linear 
and quadratic term for education.

Blanchflower and Oswald (1994)16 decomposed earnings in the UK regions and 
correlated them with regional unemployment rates to investigate wage formation. 
Blackaby and Murphy8 infer that a suitable way of isolating regional effects and industry 
fixed effects is by using dummy regional variables. They concluded that differences in 
individual characteristics between Northerners and Southerners mostly contribute to the 
North-South divide. This paper uses very region-specific dummy variables to account for a 
broad spectrum of differences in human capital factors.

The variable empmon is the length of time the individual has been in employment in their 

8 Blackaby, O.H, Leslie, D.G, Murphy, P.D and O’Leary, N.C (2006) – Born in Britain: How are Na-Blackaby, O.H, Leslie, D.G, Murphy, P.D and O’Leary, N.C (2006) – Born in Britain: How are Na-
tive Ethnic Minorities Faring in the British Labour Market.
9 Cordelia w.Reimers (nov.1983) – Labour Market Discrimination Against Hispanic & Black Men.
10 Fuchs, Victor.R. – Differences in Hourly Earning Between Men and Women
11 Cohen, Malcom.S – Sex Differences in Compensation
12 Erica L.Groshan – Sources of Intra Industry Wage Dispersion, How Much Do Employers Matter?
13 William T.Dickens and Lawrence F.Katz – Inter-industry Wage Differentials and Theories of Wage 
Determination
14 Peter Rupert and Mark. E Schweitzer – Earnings, Education and Experience
15 Schmitz, Williams and Gabriel (1994) – An Empirical Examination of Racial and Gender Differ-Schmitz, Williams and Gabriel (1994) – An Empirical Examination of Racial and Gender Differ-
ences in Wage Distribution.
16 DG Blanchflower, AJ Oswald (1994) – The Wage Curve
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entire life. This is a measure of experience. Rupert and Schweitzer14 report that experience 
increases earnings at a declining rate, similarly to education. Following their example, this 
paper shall include both a linear and quadratic term for education. 

A part-time/full-time variable is included to account for any higher hourly wages which 
part time workers may receive and remove any bias which could arise, as a result.17

Since the survey data indicate that different levels of health affect the wages of men and 
women, health level is included as a variable.18

3 Data Analysis

A plausible method to test between the different theories in the economic literature would 
be to create a model comprised of all the relevant variables proposed. The data used in this 
investigation uses the Labour Force Survey, which contains 51,769 observations.  Of these 
observations, seven percent represent observations from ethnic minorities in the UK. This 
is a good representation of the population as a whole as eight percent of the UK population 
are ethnic minorities. As a preliminary test for racial discrimination, the population average 
hourly wage and the average hourly wage for white and non-white individuals are shown 
below.

Race Average Hourly Wage
Whole Population £12.61
White £12.70
Non-White £11.43

The table above makes it clear that there is a case for racial discrimination in the UK which 
is investigated further. 

The paper uses the hourly wage as the dependant variable and OLS analysis is suitable 
as an estimation technique as the dependent variable is neither a binary function nor an 
instrumental variable. To get a sensible set of data to test for racial discrimination, the 
sample was restricted so that the hourly wage was greater than zero but less than 100 
to ensure that the individual is earning something and to exclude individuals earning 
extremely high wages as this data may have been incorrectly observed (some people claim 
to earn over £500 an hour). The sample was also restricted to those whose age is above 
16 and below 65 to ensure a sample consisting of only the working population. As we 
aim to investigate racial discrimination, the sample has been restricted to those who have 
stated their ethnicity in the survey. It has also been restricted to those who have stated their 
education, experience, and status as a full-time or part-time worker. All these restrictions 
result in 7,349 observations. 

17 J.R.Rodgers – Hourly Wages of Full Time and Part Time Employers in Australia
18 Duncan Thomas and John Strauss – Health and Wages: Evidence of Men and Women in Urban 
Brazil
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3.1 Deriving the Estimated Equation
The initial equation was estimated by creating a series that included the dependant 

variable as the log of hourly earnings and the independent variables for ethnicity, age, sex, 
education, full time, experience, industry sector and region in the UK:
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The estimated values for this initial equation were calculated. The R2 is 0.299107. 
The Wald test was then used to test the significance of all of these included terms in the 
regression, with the null hypotheses shown below:

H0: 0ˆ....ˆˆ
21 === ibbb   H1: One of these restrictions does not hold. 

The p-value obtained is zero, so we can reject the null hypotheses that the coefficients are 
insignificant, even at the 1% significance level.

This initial estimated equation was then tested for heteroskedasticity using White’s 
heteroskedastic test. With cross terms, the p-value is 1, so we do not reject that the equation 
is homoskedastic, at any significance level. However, without cross terms, the p-value is 
0.0523. So we do not reject homoskedasticity at the 5% significance level, but at the 10% 
significance level we conclude heteroskedasticity. Using this initial estimation, a test was 
conducted to test exactly how significant the non-white variable is. 

0: 10 =bH , 0: 11 ≠bH .
The p-value obtained is zero, so we can reject the null hypothesis that it is insignificant 

even at a 1% significance level. So from this, we can conclude that the variable is very 
significant. 

As a final diagnostic test for this initial regression, the Ramsey Reset test was run. 
Even though the p-value of 0.0719 shows there is no misspecification at a 5% significance 
level, there is misspecification at the 10% level. This is likely to be due to the fact that 
some variables included in this regression are insignificant. Looking at p-values, it can be 
observed that the dummy variables for industry sector and region seem to be insignificant. 
However, whether or not an individual lives in London does seem to be significant, so a 
dummy variable for those living in London has now been created, which will be included 
in the final estimation equation.

3.2 Final Equation
As just stated, the new equation omits the originally included industry and region 

variables and adds a dummy variable for London. This final equation is shown below:
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This gave an R2 of 0.2816. The purpose of removing the industry and region variables 
was that these variables were seen to be insignificant. The test for misspecification for this 
new equation gave a p-value of 0.2662, which shows there is not misspecification, even at a 
20% significance level. The null hypothesis that this equation is homoskedastic is rejected 
at even the 1% significance level because the p-value is 0.0005, so it can be concluded 
that this final equation is heteroskedastic. The Wald test was also carried out for this final 
regression. 

H0: 0ˆ....ˆˆ
21 === ibbb   H1: One of these restrictions does not hold. 

The p-value obtained is zero, so we can reject the null hypotheses that the coefficients 
are insignificant, even at the 1% significance level. The figure below shows the normality 
of the residuals with the Jarque-Bera test, showing that OLS is an appropriate estimation 
technique. It should be noted at this stage that the above diagnostic tests are only diagnostic 
tests with a lower power, so are not concrete tests.

3.3 Further Insights into Racial Discrimination in the Labor Force
Now that the final equation has been constructed, the sample was restricted for just white 

individuals and the regression was run, then the sample was restricted for just non-white 
individuals and the regression was run. This allows a Chow test to be run to test if the 
coefficients of each of the equations are the same. If the two coefficients are the same, then 
there is no difference for white and non-white individuals and hence no discrimination. 
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This results in the restricted equation below:
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The two unrestricted equations that shall be used to test for coefficient differences are 
shown below:
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Now, to test if the coefficients on the observations are equal for samples of white and 
non-white, a Chow test can be carried out. This is carried out as below:
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The F-Statistic is 15.76
The F Critical Value = Fd,DoF = F9,7329=2.71
15.76>2.71. Therefore, H0 is rejected, so the coefficients for the variables are not equal for 
the two samples.

As the coefficients are different, much can be inferred from this. For example, if the 
coefficient on edage (age the individual stopped education) is observed: for white individuals 
it is 0.278 and for non-white individuals it is 0.122. This basically can be interpreted as on 
average, a white individual can expect to earn an extra 28 percent of their wage for every 
year they stay in education. A non-white individual can be expected to earn an extra 12 
percent of their wage for every extra year they stay in education. Although the quadratic 
term shows that the return to education decreases as time spent in education increases, the 
point is that a white person has a higher return to education that a non-white person. A 
similar interpretation can be given for each coefficient. Such an argument builds the case 
of creating interaction terms between the coefficient and the non-white dummy. Such an 
equation has been constructed as shown below:
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This equation shows a few interesting points. It shows that for a white individual, 
sexual discrimination exists against females, which is expected.  However, the highly 
negative coefficient on the Male*Ethnonwhite interaction term shows that for a non-white 
individual, sexual discrimination exists against males – a very surprising result. This result 
is consolidated with the previous equation which showed a negative coefficient for the 
male variable when the sample is restricted for non-whites. 

Going back to the equation with the interaction terms, it can also be seen that the returns 
to education are 15 percent lower for a non-white individual than a white individual. 
Once again this is reconsolidated by the difference between the coefficients when the 
previous equations were restricted for white and non-white individuals. Also, being a full-
time worker has a greater positive contribution for a non-white individual than a white 
individual. Being from London can be expected to increase hourly pay by 43 percent more 
for a white individual but only 27 percent more for a black individual. 

So far, the above analysis has shown that discrimination exists for the population as a 
whole, but there is also a different coefficient on the individual variables. For example, 
being from London adds a higher proportion to one’s wage if the individual were white 
rather than non-white. Now, the sensitivity of the non-white coefficient shall be observed.  
This is observed by using the very original final equation stated in the above analysis:
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With this, the sensitivity of 1b̂ can be observed (the coefficient on the non-white dummy) 
by restricting the sample according to a number of controls, as shown by the table below:

Sensitivity of the Non White Coefficient
Control (sample restricted to) Beta
For the population as a whole -0.207404
Controlled for just Males -0.282227
Controlled for School Leavers -0.071911
Controlled for those living in London -0.366161
Controlled for those working full time -0.209995
Controlled for those who stayed in education 
beyond the age of 21 and for those living in 
London and for those that are male -0.723498

For the population as a whole, a non-white individual earns 21 percent less than a 
white individual. This corresponds to the type of discrimination found in the literature 
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explained previously. A non-white male earns 28 percent less than a white male. There 
is less discrimination against non-white school leavers than discrimination against non-
whites as a whole and there is a very high level of discrimination against non-white males 
who received advanced education and live in London.

4 Policy Implications

First, this paper shows that for the population as a whole, there is discrimination against 
non-whites, using white individuals as the default. However, even when certain individual 
characteristics are controlled for, there is still discrimination. The use of the interacted 
terms shows that the returns to different variables for white and non-white people differ, 
and this in itself is evidence of discrimination. Even though racial discrimination is illegal 
in the UK, it is clear from this data and analysis that racial discrimination is still in existence 
today. While there is room for debate on how to strengthen anti-discrimination legislation, 
the need to strengthen such legislation cannot be disputed. As Brown and Gay19 conclude, 
it persists because the risk of detection is minimal. Employers know that discrimination 
cases rarely result in legal action because the victim is very unlikely to be aware that he or 
she has been discriminated against. Even when applicants suspect they have been victims 
of discrimination, current labor market practices make it extremely difficult to present a 
case to the courts.

5 Conclusions

Discrimination against non-whites can be said to exist whenever the relative wage of 
whites exceeds the relative wage that would have prevailed if whites and non-whites were 
paid according to the same criteria. This paper has shown that discrimination exists for 
the population as a whole. However, when controls are taken into account to judge an 
individual against the same criteria, the extent of discrimination is not as great as it first 
appears. However, this paper presents clear conclusions to show that discrimination does 
still exist against non-white individuals, although certain types of non-white individuals 
are more likely to be discriminated against than others.
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1 Introduction

One would be hard pressed to identify a factor that is not a potential cause of differences 
in corruption levels across countries. Economic conditions like government wages and 
national income are obvious culprits; on the other hand, an individual’s predisposition 
toward corruption could also be influenced by culture, colonial heritage, religion, kinship 
networks, etc. To a political theorist, however, the most salient variables might be formal 
and institutional in nature. After all, if a public official extorts bribes or succumbs to private 
interests, it is at least in part because his office provides him the ability or incentive to do 
so. For this reason, researchers have investigated the differences between democracies and 
autocracies, presidential and parliamentary systems, and governments with varying levels 
of decentralized power. 

Decentralization is particularly relevant to corruption because it affects the relationships 
between officials as well as their relationship to the public. Daniel Treisman provides a 
helpful typology of five common forms of decentralization (Treisman, 2-3).1 Structural 
decentralization concerns the division of the government into multiple tiers. Decision 
decentralization refers to the autonomy of sub-national tiers relative to the central 
government. Electoral decentralization implies that sub-national officials are elected by 
local constituents rather than appointed by the central government. Resource decentralization 
refers to the ability of sub-national tiers to tax and spend; it is closely related to the idea of 
“fiscal decentralization” discussed in other papers. Institutional decentralization “concerns 
the degree to which sub-national communities or their representatives have formal rights 
within the procedures of central decisionmaking.”2 Each of these aspects would conceivably 
influence corruption levels differently, and they appear in various combinations across the 
globe.

These horizontal and vertical linkages between actors have inspired a wave of theoretical 
1  Daniel Treisman, “Decentralization and the Quality of Government,” unpublished paper (Novem-
ber 2000) 2, 3. http://www.imf.org/external/pubs/ft/seminar/2000/fiscal/treisman.pdf   Note: This is a pre-
liminary draft of a later unpublished paper of the same name (updated by Treisman in 2002).
2  Treisman, “Decentralization and the Quality of Government” (2000) 3. 
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and empirical articles with similarly complex intellectual linkages. This paper hopes to 
contribute to the literature in two ways. First, it attempts to arrive at a more accurate model 
of the direct causal relationships by combining the improvements proposed in multiple 
recent papers and using more expansive sources of data. Second, it explores interactions 
between different decentralization indicators as well as between decentralization and other 
political variables.

This paper primarily considers decision and electoral decentralization. To focus on more 
than these would expand the scope of inquiry to an unmanageable extent. We propose two 
hypotheses regarding the direct effects of decentralization on corruption. First, decision 
decentralization ought to increase corruption. Second, electoral decentralization ought 
to decrease corruption. To test these claims, we perform panel regressions of corruption 
perceptions on decentralization indicators and an array of control variables. The results are 
fragile, but they do suggest that decision decentralization causes more corruption. We also 
propose two hypotheses regarding the interaction effects of decentralization variables. First, 
electoral decentralization ought to mitigate the harmful effects of decision decentralization. 
Second, electoral decentralization ought to be more beneficial in countries with more 
established democracies (and may even be harmful in weak democracies). The results are 
difficult to interpret but do provide some hints regarding better and worse institutional 
combinations. 

2  Hypotheses and Literature Review

This section will state each hypothesis, describe the theoretical motivation, and 
highlight gaps in the empirical literature. Two hypotheses involve the direct effects of 
decentralization on corruption, and two additional hypotheses involve interaction effects. 
Although proposing four hypotheses is a complicated affair, it is unavoidable; interaction 
effects only make sense when the direct effects are known as well.

2.1 Hypothesis 1: Decision decentralization increases corruption.
Both the theoretical and empirical literature are inconclusive regarding the effects of 

greater sub-national autonomy (i.e. decision decentralization) on corruption. Shleifer and 
Vishny (1993) develop two models for how the division of state authority can affect the 
prevalence of corruption (Schleifer and Vishney, 605-7).3 They first imagine a scenario in 
which sub-national agencies have substantial autonomy. Firms must obtain permits from 
each of the agencies in order to conduct business in the country. This situation, in which 
sub-national agencies function as independent monopolists, corresponds to several possible 
manifestations of decision decentralization. Firms may have to comply with municipal, 
state, and national regulation, for example, or they may require authorization from multiple 
jurisdictions to engage in interstate commerce. Each agency has the power to extract a bribe 
from the firms, but it does not internalize the costs such bribes impose on the other agencies 
(namely, reducing the revenue available for greasing their palms). Consequently, the bribe 
3   Andrei Shleifer and Robert Vishny, “Corruption,” The Quarterly Journal of Economics, Vol.108, 
No.3 (MIT Press, 1993) 605-607.
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rate will be excessively high, stifling economic activity. A centralized government could 
act as a joint monopolist, taking into account the externalities imposed by each bribe and 
decreasing overall corruption. Because of its similarity to the “tragedy of the commons,” 
Shleifer and Vishny refer to this as the “overgrazing” argument. 

On the other hand, the agencies could issue substitutable, rather than complementary, 
permits. In this case, firms could “vote with their feet” to obtain permits from the agency 
with the lowest bribe rate, inciting all agencies to drive bribe rates down to marginal cost 
through Bertrand competition. Decision decentralization could thus decrease corruption. 
Selecting the more applicable model depends on whether the “permits” (or regulations, 
inspections, etc.) are complementary or substitutable; in reality, sub-national units of 
government offer a mix of both. The first model seems more compelling because the ability 
of individuals and firms to relocate to areas of lower extortion depends on a variety of 
conditions (sufficient income, low transport costs, adequate information on relative bribe 
rates, etc.) that are not necessarily met in most countries. We therefore hypothesize that 
decision decentralization increases corruption.

The empirical literature on decision decentralization is as ambiguous as the theoretical 
work. In a seminal cross-national corruption study, Daniel Treisman focuses on federalism, 
defined as “a constitutionally guaranteed division of power between central and regional 
governments” (Treisman, 431).4 Federalism is clearly a major component of decision 
decentralization, even though it reflects de jure and not necessarily de facto autonomous 
spheres for sub-national governments (Lessmann and Markwardt, 10).5 Controlling for 
population, economic development, ethnic division, and country area, he finds that federal 
states are associated with greater corruption. Similarly, Gerring and Thacker (2004) find 
that unitary states are generally less corrupt than federal states (Gerring and Thacker, 295).6 
In later work involving more control variables and a more rigorous sensitivity analysis, 
Treisman determines that the “link between perceived corruption and federal structure is 
not at all robust” (Treisman, 24).7 We attempt to contribute to this debate by (1) using 
different data sources, (2) trying different estimators, and (3) including more relevant 
control variables in the model.

2.2 Hypothesis 2: Electoral decentralization decreases corruption.
 Electoral decentralization replaces the centralized appointment of local officials 

with local elections. Although the decision-making autonomy of sub-national units is often 
cemented with sub-national elections, the concepts of decision decentralization and electoral 
decentralization are analytically distinct, as can be seen from the theoretical arguments. For 
4      Daniel Treisman, “The causes of corruption: a cross-national study,” Journal of Public Economics 
(2000) 431.
5      Christian Lessmann and Gunther Markwardt, “One Size Fits All? Decentralization, Corruption, and 
the Monitoring of Bureaucrats,” working paper (June 2008) 10.   http://www.tu-dresden.de/wwvwlfw/media/
PDF/WP/Corruption_%20Lessmann_Markwardt.pdf
6      John Gerring and Strom Thacker, “Political Institutions and Corruption: The Role of Unitarism and 
Parliamentarism,” British Journal of Political Science (Cambridge University Press: 2004) 295.
7      Daniel Treisman, “What Have We Learned About the Causes of Corruption From Ten Years of 
Cross-National Empirical Research?” Annual Review of Political Science (2007) 24.
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an imperfect analogy, Supreme Court justices and the chairman of the Federal Reserve are 
both appointed by the president of the United States, but they retain significant autonomy. 

A survey of the literature on local government accountability produces multiple 
conflicting arguments. Gerring and Thacker (2004) suggest that constituents are better able 
to monitor local officials and punish corruption than is the central hierarchy, as they are 
closer to and more familiar with these officials (Gerring and Thacker, 318-320).8 Central 
governments have difficulty evaluating the performance of governors in far-flung provinces. 
Without electoral decentralization, constituents can only signal their dissatisfaction with 
corrupt local officials by punishing the central politicians who appoint them. However, 
central politicians are unlikely to be ousted solely because their appointees behave poorly. 
Lessmann and Markwardt (2008), citing Persson and Tabellini (2000), explain that central 
politicians are responsible for “various tasks and localities simultaneously,” so only their 
“aggregate performance” matters for reelection (Lessmann and Markwardt, 4).9 Electoral 
decentralization would create direct accountability and thus lower corruption. 

Conversely, the greater proximity and familiarity of local officials can facilitate corrupt 
political relationships with influential special interest groups, who pledge campaign 
contributions and votes in exchange for favorable treatment. Prud’homme argues that “The 
fact that national bureaucrats, at least in some countries, are moved from place to place 
and never stay very long in the same location makes it more difficult for them to establish 
unethical relationships with local interest groups, unlike local bureaucrats [or politicians] 
whose careers are spent in the same location” (Prud’homme, 211).10 Central oversight and 
reshuffling may thus thwart corruption more effectively than does electoral decentralization. 
Both sides of the debate are persuasive, but due to the general association of elections with 
accountability, we hypothesize that electoral decentralization reduces corruption.

Empirical studies linking electoral decentralization and corruption are difficult to find. 
Treisman finds no statistically significant effect for local elections, whether measured 
by the percentage of elected sub-national tiers or a dummy variable for “appointment 
centralization” (Treisman, 42).11 De Mello and Barenstein report that they “did find a 
positive association between local elections and governance for the sample of developing 
countries,” but it is unclear whether by “governance” they mean the lack of corruption or 
the efficient provision of public goods (de Mello and Barenstein, 23).12 Moreover, they 
omit a number of valuable control variables. My contribution to this debate is similar to the 
contribution to the study of decision decentralization (i.e., a more reasonable specification 
of the econometric model). 

8  Gerring and Thacker, 318-320.
9  Lessmann and Markwardt, 4. 
10 Rémy Prud’homme, “The Dangers of Decentralization,” The World Bank Research Observer, 
Vol.10, No.2 (Oxford University Press: August 1995) 211.
11 Daniel Treisman, “Decentralization and the Quality of Government,” unpublished paper (October 
2002), 42.  http://www.sscnet.ucla.edu/polisci/faculty/treisman/DecandGovt.pdf
12 Luiz de Mello and Matias Barenstein, “Fiscal Decentralization and Governance: A Cross-Country 
Analysis,” IMF working paper (May 2001) 23.http://www.imf.org/external/pubs/ft/wp/2001/wp0171.pdf
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2.3  Hypothesis 3: Electoral decentralization mitigates the negative effects of decision 
decentralization.

According to my reading of the literature, the interaction between decision and electoral 
decentralization has not been modeled or empirically tested. It stands to reason, however, 
that officials are less intent on “overgrazing” bribes when they are held accountable for 
their misconduct. Treisman does mention that he “multiplied sub-national autonomy with 
electoral decentralization” and found no significant result, but nowhere does he show either 
the results or the model specification (Treisman, 24).13 In any case, he does not appear to 
use our methodology of constructing four categories to represent the different combinations 
of electoral and decision decentralization. 

2.4  Hypothesis 4: Electoral decentralization combats corruption more effectively in 
more established democracies (and may increase corruption in weaker ones).

In contrast to the third hypothesis, there is a lively theoretical debate concerning whether 
strong democracy is a precondition to effective local elections. Mozaffar and Schedler 
(2002) describe the majority position: constituents may have a harder time monitoring their 
representatives in weaker democracies with fewer civil liberties and a fledgling civil society. 
Furthermore, in very weak transitioning democracies or autocratic pseudo-democracies, 
local elites have been known to hijack elections or use them as an aura of legitimacy 
for their misbehavior (Mozaffar and Schedler).14 In this context, local politicians may be 
easier to buy than the career bureaucrats they replaced. This leads to a corollary idea: 
the interaction between electoral decentralization and regime type could be so strong that 
electoral decentralization exacerbates corruption in partially democratic or undemocratic 
states. Myerson , however, contends that sub-national elections could successfully reduce 
corruption even in transitioning democracies. Voters in new democracies may have very 
low expectations for national leaders, and they may become so disillusioned that they 
see no reason to “support democratic challengers to the ruling party.” Local or provincial 
politicians thus have greater incentives to “begin cultivating reputations for good democratic 
government” so that they can win national-level elections in the future (Myerson, 4-5).15

However, because this argument does not address the underdeveloped monitoring 
capabilities of citizens in weak democracies, we presume that established democracy 
enhances the advantages of electoral decentralization. This paper seems to explore new 
empirical ground; I have not found any studies that test the interaction term between electoral 
decentralization and democracy, although some do interact resource decentralization with 
democracy.

13  Treisman (2002) 24.
14  Shaheen Mozaffar and Andreas Schedler, “The Comparative Study of Electoral Governance: Intro-
duction,” International Political Science Review, Vol.23 No.1, Electoral Governance and Democratization 
(Sage Publications, Ltd: January 2002) 14.
15  Roger Myerson, “Federalism and Incentives for Success of Democracy,” Quarterly Journal of Po-
litical Science (2006) 4, 5.
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3  Data and Methodology: Hypotheses 1 and 2

For clarity of exposition, the data and methodology section for each hypothesis 
immediately precedes the results section for that hypothesis.

3.1 Dependent Variable 
As the dependent variable, we use the International Country Risk Guide (ICRG) measure 

of corruption perceptions.16 A higher number on the index indicates lower corruption 
levels; variables with negative coefficients are therefore associated with worse corruption. 
Fisman and Gatti (2000) claim that the ICRG data has the “broadest coverage” of countries 
and involves all levels of government, allowing for more representative samples (Fisman 
and Gatti, 4).17 The glaring disadvantage—shared by the Transparency International (TI) 
and World Bank (WB) indices used in other papers—is that corruption perceptions do 
not necessarily correspond to actual experiences of corruption. Treisman dedicates a 
considerable number of pages to this conundrum in his 2007 literature review (Treisman, 
18).18 On one hand, perception-based data may reflect the misconceptions and biases of 
the experts and locals who are questioned. Conversely, perceptions of corruption do matter 
(especially when trying to attract FDI), expert and local assessments of corruption levels 
tend to agree, and the various perceptions indices are all highly correlated. In addition, 
experience-based data may be “subject to problems [of] inaccurate or selective memory, 
fear of reprisals by authorities, etc” (Treisman, 8).19 In this instance, we find the ICRG data 
to be the lesser evil.

The regressions use ICRG data from 1993 to 1997. To my knowledge, no paper uses 
panel data to address my specific research questions; by greatly expanding the sample 
size, the panel data method produces more accurate estimates of coefficients on the 
explanatory variables. We limit the panel to 1990s corruption perceptions because we also 
use the Treisman Decentralization Dataset, which warns that “the data [only] attempt to 
characterize various aspects of decentralization and state structure in countries as of the 
mid-1990s” (Treisman, Decentralization Dataset).20 The lack of time-series variation in 
the decentralization indices prevents me from using fixed effects, and a Hausman test rules 
out random effects. As a result, we simply run pooled OLS regressions. Most papers using 
ICRG data feature OLS regressions; however, because the corruption index is a discrete 
ranking from 0 to 6, we check our results with ordered probit regressions. Because we use 
panel data, serial correlation may bias the standard errors and prevent accurate hypothesis 
testing. For this reason, we also check our results with GLS regressions. Standard errors in 
all regressions are corrected for heteroskedasticity. 

Some researchers are wary of using panel rather than cross-sectional data. Treisman 
16  International Country Risk Guide dataset, Political Risk Services.
17  Raymond Fisman and Roberta Gatti, “Decentralization and Corruption,” World Bank Development 
Research Group working paper (February 2000) 4.
18  Treisman (2007) 7-11.
19  Treisman (2007) 8.
20  Daniel Treisman, Decentralization Dataset (2008). http://www.sscnet.ucla.edu/polisci/faculty/treis-
man/
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argues that the ICRG, TI, and WB indices all exhibit drastic changes from year to year 
as a result of methodological changes or the inclusion of new sources. Panel regressions 
would thus pick up shifts that have nothing to do with changes in actual corruption levels.21 
Although this may be a valid concern, it masks a problematic double standard. Researchers 
using cross-sectional data trust that disparate individuals’ evaluations of corruption levels 
are comparable and that the rankings are transitive. Similar faith in the comparability of 
longitudinal data seems warranted. In either case, it seems prudent to acknowledge these 
potential problems with the data.

3.2 Main Explanatory Variables
The primary explanatory variables for the two hypotheses are decision decentralization 

and electoral decentralization. We measure decision decentralization with a dummy 
variable from the Treisman Decentralization Dataset, FED,22 which takes a value of 0 
when the state is unitary and a value of 1 when it is federal. Federalism refers to a purely 
constitutional arrangement between the central government and sub-national units, and 
thus it may not always correspond to the actual division of authority. Nevertheless, it 
provides a systematic way to evaluate sub-national government autonomy. The share of 
sub-national expenditures may seem to indicate better the relative power of sub-national 
units; this is inaccurate, however, since such a measure provides no way of differentiating 
mandated and discretionary spending. Decision decentralization is clearly distinct for 
resource decentralization.

 For electoral decentralization, we use the dummy variable ELEC,23 which takes a value 
of 1 when the “executive at [the] bottom tier [is] directly elected or chosen by directly 
elected assembly” and 0 otherwise. A measure that exhibits more variation (e.g. percentage 
of tiers that are directly elected) would be preferable, but no such data was accessible. A 
potential problem is that the FED dummy already captures electoral decentralization; it is 
nearly impossible to imagine a federal state that does not have any sub-national elections. 
The ELEC dummy is therefore intended to proxy for more electorally decentralized states. 
Despite the overlap, there is variation; unitary states with local elections and federal states 
with fewer local elections do exist (although the latter category is quite small).

We do not anticipate endogeneity bias to seriously affect the FED or ELEC variables. 
Many transitions to federalism in the early and mid 1990s—Belgium, Spain, Ethiopia, 
Sudan, and Bosnia-Herzegovina—are easier to attribute to ethnolinguistic divisions than 
to corruption. In cases of socialist transition or colonial independence, it is possible that 
material interests influence the formation of a national constitution; one would assume, 
however, that corrupt officials are not the sole individuals outlining the structure of the 
new regime. In any case, it is extremely difficult to identify a suitable instrument. Many 
determinants of federalism (which presumably include population, area, ethnolinguistic 
fractionalization, legal system, and colonial heritage) are hypothesized to directly affect 
corruption levels.
21  Treisman (2007) 11, 12.
22  “Fedelupd” in the Treisman dataset
23  “Botel” in the Treisman dataset
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3.3 Control Variables
We include a measure of structural decentralization from the Treisman dataset, TIERS, 

which counts the number of sub-national tiers of government in a country. The addition of 
TIERS helps isolate the element of “autonomy” in the FED variable, since federal states 
most likely have more tiers of government. I considered including measures of resource 
decentralization as well, but time-series data on the sub-national shares of expenditures and 
revenues was so scarce as to prohibitively limit sample size. 

We select seven other control variables to minimize omitted variable bias: British rule 
(BRIT), (log of) per capita GDP (GDP), (log of) country size (POP), ethnolinguistic 
fractionalization (ELF), democracy (DEM), Protestantism (PROT), and government size 
(GOV). Treisman finds that British colonial heritage significantly reduces corruption, 
and exposure to British institutions could conceivably influence a country’s level of 
decentralization. As a result, we use his dummy variable for past British rule or colonization 
(BRIT) (Treisman, 449-50).24 

The inverse relationship between income and corruption seems to be the most widely 
accepted finding in the literature, so we include the natural logarithm of per capita GDP 
(World Bank, World Development Indicators) (GDP).25 Income may influence a country’s 
choice of political structure, and its structure may impact its growth. This potential 
correlation between decentralization and income demonstrates the importance of controlling 
for GDP to avoid omitted variable bias. Endogeneity bias may prove to be a problem; 
individuals in rich countries may not need to resort to corruption to make ends meet, but 
corruption can also suppress investment and thus economic development. Researchers 
have proposed numerous potential instruments: (1) latitudinal distance from the Equator, 
(2) settler mortality rates, (3) per capita income in 1700, and (4) income of the country’s 
greatest importer. The first two instruments are most likely correlated with the residual; 
tropical regions attracted colonists who established more predatory regimes, hindering 
development and encouraging corruption. The third drastically limits sample size (N = 22 
in the Treisman study) and probably creates selection bias due to the varying availability of 
such historical data (Treisman, 18).26 The fourth does not work outside the context of fixed 
effects estimation; GDP changes in a country’s greatest importer are correlated with that 
country’s changes, but the GDP levels are uncorrelated.

 It is necessary to control for country size because of its link to decentralization; larger 
countries like the United States devolve significant power to their regions in order to 
govern more efficiently. Larger countries may also be characterized by greater corruption 
because larger domestic economies and higher transport costs insulate domestic producers’ 
rents from foreign competition (Treisman, 392).27 We compare (natural log of) land 
area taken from the CIA World Factbook (CIA, World Factbook)28 and (natural log of) 

24      Treisman, “The causes of corruption” (2000) 449, 450.
25      World Bank, World Development Indicators (Washington, DC: World Bank, 1993-1997).
26      Treisman (2007) 18.
27      Treisman (2000) 392.
28      “The World Factbook,” Central Intelligence Agency (2008). https://www.cia.gov/library/publica-
tions/the-world-factbook/
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population (in thousands) from the Penn World Table (Heston, Summers, et al.)29 We settle 
on population (POP) because the two measures were relatively highly correlated (r = 0.70), 
and population turned out to be more statistically significant. We include ethnolinguistic 
fractionalization (ELF) because social cleavages could encourage ethnic groups both to 
demand more autonomy (increasing decentralization) and to sacrifice social welfare to 
advance the interests of their members (increasing corruption). We use Phillip Roeder’s 
measure for ELF, which designates the probability in 1985 that two randomly selected 
individuals from a given country belong to different ethnolinguistic groups (Roeder).30 In 
addition, we incorporate a democracy indicator (DEM) from the Polity IV Project into the 
model (Polity IV Project).31 The measure runs from -10 (autocracy) to +10 (established 
democracy). Democracy may allow citizens to punish corrupt officials, and it is certainly 
correlated with both federalism and local elections. Treisman reports that controlling for 
Protestantism renders certain decentralization indicators insignificant in his regressions, so 
we also include the percentage of Protestants in 1980 (PROT) (Treisman, 29).32

The size of government (GOV) is an especially important control variable ignored by 
previous studies. Larger governments may increase rent-seeking opportunities and thus 
corruption. Governments with many powerful sub-national tiers that host elections may 
also spend more. Our proxy is the share of government spending in GDP, as computed by 
the Penn World Table. There is the potential for endogeneity bias, since larger governments 
could increase corruption, but corrupt officials might also tax and spend more lavishly to 
facilitate embezzlement. I have not been able to identify an appropriate instrument, so 
conclusions involving government size should be treated with caution.

Finally, we add regional dummies to control for general cultural and historical factors. 
We include sub-Saharan Africa (AFR), Asia (ASIA), Central Europe and former USSR 
(CEUR), Middle East and North Africa (MENA), and Latin America (LAM). The excluded 
category grouped Western Europe, Scandinavia, the United States, Canada, Australia, and 
New Zealand. It is worth noting at this point that the dataset does suffer from substantial 
gaps; there is very little information on small island nations or countries like North Korea. 
This problem seems to afflict all studies in this field, and we can only hope that future 
research will produce more representative samples.

The basic specification for the first and second hypotheses is thus the following:

(ICRG)it = β0 + β1(FED)it + β2(ELEC)it + β3(TIERS)it + β4(BRIT)it + β5(GDP)
it + β6(POP)it + β7(ELF)it + β8(DEM )it + β9(PROT)it + β10(GOV)it + β11-

15(REGIONS)it + εit 

29      Alan Heston, Robert Summers and Bettina Aten, Penn World Table Version 6.2, Center for Interna-
tional Comparisons of Production, Income and Prices at the University of Pennsylvania (September 2006). 
30      Philip Roeder, “Ethnolinguistic Fractionalization (ELF) Indices, 1961 and 1985.” (February 16, 
2001). http://weber.ucsd.edu\~proeder\elf.htm
31      Polity IV Project, Political Regime Characteristics and Transitions, 1800-2007 (2007).
32      Treisman (2002) 29.
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4 Results and Sensitivity Analysis: Hypotheses 1 and 2

Our preliminary tests concern the hypotheses that (1) decision decentralization increases 
corruption while (2) electoral decentralization reduces corruption. We start by including 
FED and ELEC simultaneously with the full battery of control variables. Neither is 
statistically significant in regressions using the OLS or ordered probit estimator, but both 
become significant at the 1% level when using GLS to correct for heteroskedasticity and 
autocorrelation. In all three regressions, FED is negative while ELEC is positive. We then 
test FED and ELEC one at a time. The coefficient on FED is negative and statistically 
significant at the 1% level regardless of the estimator used. The coefficient on ELEC is 
consistently positive but only becomes statistically significant when the GLS estimator is 
used. 

There appears to be partial evidence for the first hypothesis: decision decentralization 
may be associated with worse corruption. FED retains its negative sign in all specifications 
and only loses its statistical significance when both autocorrelation and the ELEC dummy 
are present. Neither the correlation coefficient (r = 0.064) nor the variance inflation factors 
indicate that multicollinearity is a problem for FED and ELEC, so it seems unnecessary to 
drop the ELEC variable; autocorrelation may be a better explanation for the larger standard 
errors in the first two regressions. In any case, the original findings of Treisman (2000) and 
Gerring and Thacker (2004) seem to be generally confirmed, even when using panel data 
and a greater number of control variables.

The data do not support the second hypothesis, as the statistical significance of the 
ELEC variable is highly sensitive to the estimation method and model specification. We 
cannot, therefore, conclude that electoral decentralization decreases corruption. However, 
quite a few control variables maintained consistent signs and statistical significance in all 
regressions: GDP, DEM, and PROT. It appears that richer, more democratic countries with 
large Protestant populations tend to have lower corruption levels; this corroborates the 
strongest findings of the empirical literature on corruption. GOV was significant in over half 
of the regressions, and its coefficient was consistently positive. This is surprising, since one 
might hypothesize that larger governments encourage corruption; government intervention 
allows officials to extort bribes, and greater government spending implies more money to 
funnel into private coffers. On the other hand, a greater share of government expenditures 
could also signify a stronger state with more control over its officials’ behavior. This puzzle 
certainly warrants investigation.

5 Data and Methodology: Hypothesis 3

To test the third hypothesis (electoral decentralization mitigates the harms of decision 
decentralization), we create four dummy variables using combinations of the FED and 
ELEC indicators. “Low D Low E” (low decision and low electoral decentralization) is 
coded 1 when FED = 0 and ELEC = 0 and 0 otherwise. “High D Low E” is coded 1 when 
FED = 1 and ELEC = 0. “Low D High E” is coded 1 when FED = 0 and ELEC = 1. “High 
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D High E” is coded 1 when FED = 1 and ELEC = 1. “Low D Low E” (the most centralized 
state of the four possibilities) is the excluded category in the regressions. All coefficients 
thus indicate an effect relative to “Low D Low E.” If it is indeed the case that electoral 
decentralization mitigates the corruption-inducing effects of decision decentralization, 
then “High D High E” should have a more positive coefficient than “High D Low E.” In 
fact, if the first three hypotheses are correct, then the ranking should be the following, from 
best to worst:

1. Low D High E (elected sub-national officials without much autonomy)
2. High D High E (elected sub-national officials with autonomy)
3. Low D Low E (appointed sub-national officials without much autonomy)
4. High D Low E (appointed sub-national officials with autonomy)

Countries are coded into all four categories, but “High D Low E” contains only four 
countries: Belgium, Brazil, Malaysia, and Sudan. At least in terms of the bottom tier of 
government, Treisman argues that these federal states display less electoral decentralization. 

Our model includes the same control variables and regional dummies used in the 
regressions for the first and second hypotheses. The variables FED and ELEC are excluded 
from all regressions, as their effects are captured by the three new “interaction dummies.”

6 Results and Sensitivity Analysis: Hypothesis 3

We run three regressions with all control variables and different estimators: OLS, ordered 
probit, and GLS. Of the interaction dummies, only “Low D High E” is ever statistically 
significant, albeit in only two of the three regressions. As expected, GDP, DEM, and PROT 
are statistically significant at the 1% level in all regressions.

Without robust results for all three dummies, it is impossible to construct a ranking 
that would clarify the interaction between decision and electoral decentralization. The 
verdict regarding the third hypothesis is thus uncertain. The single significant dummy does, 
however, provide some insights. The coefficient on “Low D High E” hovers around 0.3. 
Recall that the excluded category was “Low D Low E.” This implies that in the context 
of low decision decentralization, electoral decentralization could boost a country’s ICRG 
corruption score by almost a third of a point (on a scale of 0 to 6). In unitary states (which 
grant less formal autonomy to their sub-national units), local elections do appear beneficial. 
The interaction dummy model seems to offer qualified support for the second hypothesis: 
electoral decentralization may decrease corruption under certain circumstances. 

It is difficult, however, to reconcile this with the inconclusive results from the direct 
tests of ELEC. A possible explanation is that bottom-tier elections do little in federal states 
because they already have other forms of sub-national elections (at the state or regional 
level). Such state or regional elections are perhaps less likely in unitary states, causing 
bottom-tier elections to have a marked impact on corruption. This would imply that the 
FED and ELEC dummies are indeed capturing different effects, but these effects cannot 
be easily reduced to “decision decentralization” and “electoral decentralization.” For 
theoretical clarity, it would thus be advisable in the future to find measures of sub-national 
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autonomy other than federalism.

7 Data and Methodology: Hypothesis 4

To test the fourth hypothesis (electoral decentralization has different effects in different 
regimes), we employ two techniques. The first method involves constructing an interaction 
term, creatively named “ELEC x DEM,” by multiplying DEM and ELEC. If democracy 
enhances electoral decentralization’s positive effects, the interaction term should be positive. 
If electoral decentralization actually exacerbates corruption in less democratic regimes, 
the interaction effect should be large enough to overwhelm the positive direct effect of 
electoral decentralization. Recall that DEM ranges from -10 to +10; if the interaction effect 
is large enough and the DEM variable is negative (assuming positive coefficients), then 
corruption increases if the value of ELEC is 1 rather than 0. 

For the second technique, we create a set of four dummy variables similar to those 
used for the third hypothesis. We combine ELEC with a measure developed by Treisman: 
ALLDEM, a dummy variable for whether a country experienced uninterrupted democracy 
between 1950 and 2000.33 Unlike the Polity score (DEM), this indicator conveys the duration 
but not the degree of democracy. It thus makes sense to try ALLDEM as an alternative 
measure of whether a country’s democratic regime is firmly established. We create “Low 
E Low A,” “High E Low A,” “Low E High A,” and “High E High A,” where E stands 
for ELEC and A stands for ALLDEM. We select “Low E Low A” (weak democracies or 
autocracies without local elections) as the excluded category. If the hypothesis is true, then 
“High E High A” (established democracies with local elections) should certainly have a 
larger positive coefficient than “High E Low A” (weak democracies or autocracies with 
local elections). The interesting comparison, however, is between “Low E Low A” and 
“High E Low A.” This would answer the question of whether it is better to have elected or 
appointed officials in the context of a weak democracy or autocracy.

8 Results and Sensitivity Analysis: Hypothesis 4

We run a series of regressions including ELEC, DEM, ELEC x DEM, and the full array 
of control variables. The interaction term is only statistically significant at the 10% level 
when the ordered probit estimator is used, and this is impossible to interpret because 
neither DEM nor ELEC is significant. We then perform additional regressions using the 
interaction dummies instead of the multiplied interaction term ELEC x DEM (ELEC and 
DEM were of course omitted). In all cases, the coefficient on “High E High A” was positive 
and statistically significant at the 1% level. This simply means that elected local officials 
in the context of an established democracy are better than appointed local officials in the 
context of a less democratic regime. Without more significant dummies, it is impossible to 
disentangle the effects of electoral decentralization and democracy. We would suspect that 
duration of democracy is the decisive factor, as Treisman finds ALLDEM to be strongly 

33  Treisman, Decentralization Dataset.
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associated with lower corruption (Treisman, 401). 34 
“Low E High A” becomes statistically significant at the 10% level when the GLS 

estimator is employed. If we assume the coefficients are accurate, they imply that “Low 
E High A” is less corrupt than “High E High A”—meaning that established democracies 
without local elections are less corrupt than those with local elections. This result is not 
robust to the use of other estimators (the significance levels and coefficient magnitudes are 
quite sensitive), but it certainly does not help the case for the second and fourth hypotheses.

The “High E Low A” category was never statistically significant; we thus cannot say 
whether local elections actually exacerbate corruption in weak democracies and autocracies. 
The sign on the coefficient was consistently positive, however, suggesting that this may not 
be the case. In general, the results for the fourth hypothesis are inconclusive; we cannot say 
with confidence whether electoral decentralization’s effects depend on regime type. 

9 Conclusion

Of the four hypotheses, the first is the most consistently supported by the data. Our strongest 
conclusion is therefore that decision decentralization—or, more accurately, federalism—
may worsen corruption. Previous empirical studies found either that federalism increased 
corruption or had no effect. My paper contributes to this literature by demonstrating that 
federalism’s magnification of corruption is robust to the use of panel data, ICRG corruption 
measures, and a broader set of control variables. Although these variables do not constitute 
the focus of my study, we also find that higher per capita GDP, stronger democracy, and 
a more Protestant population are all associated with lower corruption levels. These latter 
results verify some of the main findings of the corruption literature.

The regressions for the second, third, and fourth hypotheses do not produce statistically 
significant coefficients for the main explanatory variables. Consequently, we cannot say 
with certainty whether electoral decentralization decreases corruption, mitigates the effects 
of decision decentralization, or is enhanced by stronger democracy. Amidst the nebulous 
results, however, some hints did emerge. Among unitary states, those whose bottom-tier 
executives were directly elected were rated as being less corrupt. It is unfortunate that 
no similar conclusion could be reached for federal states, but we can tentatively suggest 
that highly centralized states should make their local deputies more accountable to their 
constituents.

The data and variables used in this study could be improved in future work. First, as 
noted before, the data on corruption perceptions has notorious problems that researchers 
are still working to overcome. Second, the data on decentralization requires some 
reevaluation. Longer time series datasets on federalism and local elections would facilitate 
panel regressions, and it would be helpful to identify decentralization measures with more 
gradations than the dummy variables we employ. In particular, federalism may not be the 
best measure for decision decentralization. Third, suitable instruments for per capita GDP 
and the share of government spending in GDP would reduce the omnipresent danger of 
endogeneity bias. This is all, of course, much easier said than done.
34  Treisman, “The causes of corruption” (2000) 401.
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Such technical improvements would certainly go a long way towards producing more 
decisive policy prescriptions regarding decentralization and corruption. However, the 
methodology and results of this paper could also incite the exploration of other related 
questions. Researchers could use interaction dummies to produce a ranking of state 
structures according to criteria besides corruption (macroeconomic conditions, public 
service provision, political stability, etc). In addition, the occasionally significant and 
positive coefficient on government size appears counterintuitive and demands explanation. 
With any luck, further research may be able to resolve these questions. 
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1 Introduction

The shortage of capital has long been cited as the principal obstacle to economic 
progress.   One popular prescription to this shortage of capital is injections of foreign aid.   
More foreign aid has been given in the past 50 years than in any other comparable period 
in human history: an amount in excess of $2 trillion (OECD).  Yet, studies have failed to 
find measurable links between the quantity or volume of aid and faster economic growth.  
So what makes aid effective?

There is an emerging consensus in the development community, demonstrated by 

As donor governments and institutions redirect aid to nations with strong institutional 
and economic policy environments, the assessment of aid must also change.  To the extent 
that aid agencies mediate between donors’ and recipients’ interests and reduce transaction 
costs associated with resource transfers, the effectiveness of aid may differ by agency and 
channel of aid delivery.   This phenomenon is relatively unexamined.   Using a panel data 
set of 93 countries from 1974-2007, four channels are examined: public sector, NGOs and 
civil society, public-private partnerships, and multilateral organizations.   This paper has 
two principal findings: the public sector is the most effective channel of delivery and aid 
channeled through multilateral organizations is least effective.  

ABSTRACT



ISRA SALIM 237

the Paris Declaration, that not only the quantity, but also the quality of aid plays an 
important role in determining the effectiveness of development assistance.  Contemporary 
econometric literature produces many stories of the relationship between aid effectiveness 
and factors such as economic policies, state intervention, fiscal performance, business 
cycles, and stability of foreign aid flows in the recipient countries.  A point of agreement is 
that aid appears to increase growth in those countries with sound policies and institutions 
(Burnside and Dollar, 2000).  In addition to economic policy variables, Burnside and Dollar 
include several institutional and political variables that have appeared in growth studies 
since the mid-nineties (e.g., institutional quality, financial depth, ethnic fractionalisation, 
assassinations).  The real contribution of their paper comes from the inclusion of an 
interaction term between aid and economic policies.  They use this to argue that aid has a 
positive impact on growth, but only in those countries with “sound” policies.1  This result 
has been both supported and refuted in subsequent papers.2 These papers conduct some 
useful variations and extensions, such as introducing additional control variables, using 
non-linear specifications and so on, but the popular Burnside and Dollar result still informs 
much of the discourse surrounding aid strategy.

  Yet as donor governments and institutions are beginning to reconfigure aid modalities (i.e.  
directing aid towards nations with strong institutional and economic policy environments 
in the light of the above findings), aid assessment must also change.  Indeed, the increasing 
scarcity of development finance has now become generally accepted as the most critical 
development problem that many developing countries face.  Effective aid delivery through 
the appropriate channels and institutions, therefore, has been identified in both policy 
prescriptions and academic discourse as an important consideration in this regard (Ikhide, 
2004).  

The literature provides some guidance to explain the organizational set-up of foreign 
aid delivery and why different types of aid organizations exist.  With zero transaction costs 
and fully shared preferences between donors and beneficiaries, there would be no need 
for aid agencies (Martens, 2005).  The main role of aid agencies, argues Martens (2005), 
is to mediate between donors’ and recipients’ interests or preferences.  Though donors 
remain the main decision-makers in foreign aid, mediation is necessary because virtually 
all aid programs require some agreement from the recipients as well, if only to authorize 
that the program be implemented on their sovereign territory.  There will be no need for 
mediation when donor and recipient interests are perfectly aligned.  In the latter case, they 
both fully agree on how to spend the financial transfer, and there is no need to negotiate a 
contract; there is full joint ownership.  Mediation by an aid agency implies that there is less 
than full ownership by either the donor or the recipient.  In most cases, ownership will be 
partial and shared in accordance with an agreed contract: both donor and recipient obtain 

1 Burnside and Dollar (2000) construct a policy index consisting of a composite measure of trade 
openness, inflation and the budget deficit.  The policy index is weighted according to their correlation with 
growth, allowing them to discuss the effectiveness of aid in ‘good’ and ‘bad’ policy environments.
2       See Collier and Dehn (2001), Dalgaard and Hansen (2001) and Lensink and White (2001).  Of par-
ticular interest is Easterly et al.  (2003) who maintain the Burnside and Dollar methodology, but conduct a 
simple robustness check by expanding the data set, and find the results to be weak.
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a partial fulfillment of their preferences (Martens, 2005).  Outcomes, therefore, will differ 
according to types of agencies and aid delivery channels.3

Economic theory allows us to make some predictions about the effectiveness of 
different aid agency structures.  Renard (2005) perceives of aid as a two-fold collective 
action problem between myopic donor agencies and development-maximizing recipient 
governments and hypothesizes that all agencies internalize a fraction of the external costs 
imposed on the government by their own interventions.  The smaller an agency, the smaller 
the proportion of external costs it internalizes and the more “selfish” it will act, because of 
inter-agency externalities.  In addition, the more fractionalized decision-making is within 
an agency, the more “selfish” it will act (intra-agency externalities).

The present literature focuses disproportionately on multilateral organizations as 
channels of delivery.4 Many have offered measures to reform and strengthen the IMF and 
World Bank (Nayyar, 2002; Eccles and Gwin, 1999).  Such an analysis, however, does not 
permit a comprehensive study of allocation.  Rienhardt (2006) shows that at least three 
facets of allocation are unexplored: the decision-making structure of individuals within 
agencies, aid allocation to non-governmental agencies (NGOs) and non-state actors, and 
the flow of aid to NGOs from other NGOs and from local government agencies.  This paper 
highlights that missing in the study of aid literature are important channels of aid delivery 
besides multilateral agencies.

Another drawback of the existing literature is that there are no attempts at cross-
institutional perspectives to explain the relative advantages and disadvantages of each 
channel of delivery within a single explanatory model.  It is my aim to test the hypothesis 
that different channels of delivery will give different outcomes in order to determine whether 
there is a preferred channel for aid delivery that maximizes the impact of aid.  In order to 
do so, I maintain – to a large extent – the general methodology and empirical specifications 
followed in previous aid-growth studies, with the addition of variables for each channel 
in the same regression equation.  I consider five channels of delivery, as per the OECD 
classification: public sector (donor government/extending agency, recipient government); 
NGOs and civil society (donor, recipient, third country, and international NGOs); public-
private partnerships (PPP); multilateral organizations (UN, WB, IMF, regional banks); and 
other.  This paper finds that the public sector is the most effective channel of delivery 
and further that multilateral organizations are the least effective in aid delivery, where 
efficiency relates the contribution of aid to economic growth in the recipient nation.5 

3      The channel of delivery refers to the implementing agency.  When several levels of implementation 
are involved, the first level of implementation is reported as channel of delivery.  
4      A voluminous literature has emerged in recent years focusing on justifications for the existence of 
multilateral aid organizations, especially the World Bank and IMF.  See Gilbert and Powell (1999), Milner 
(2002), Hawkins et al.  (2003), Alesina and Dollar (2000), Rodrik (1995).  
5     It is important to note that the usefulness of aid agencies may well reside in the provision of media-
tion services for which there is a demand for which clients (donors and recipients) are willing to pay.  This 
would suggest that an aid agency’s contribution should not be assessed in terms of its contribution to welfare, 
growth or even poverty reduction in beneficiary countries, but rather in terms of the efficiency and effective-
ness of its mediation.  Nonetheless, for estimation purposes, we focus on the effectiveness of aid by measur-
ing its impact on growth, and the role of the aid agency in delivering this aid.
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This paper will proceed as follows.  Section I considers the theories about the aid-growth 
relationship that inform the debate.  Section II summarizes the empirical evidence and 
presents the adjusted model to estimate the aid-channel-growth relationship.  Section III 
analyzes the results to show the relationship, if any, between aid, channel of delivery, and 
growth.  Section IV will conclude and acknowledge caveats, as well as consider directions 
for further research.

2 Theory

A lack of consensus in the aid literature reflects the lack of a strong theoretical foundation 
underpinning the assessment of aid effectiveness.  In virtually all empirical works of 
this nature, it is not known whether the specifications are based on a Solow model or 
other growth models.  The theoretical evolution of the literature shows different ways of 
estimating the aid-growth relationship.  Traditional growth theory used the Harrod-Domar 
model and focused on savings and investment channels to show how aid can potentially 
impact economic growth.  New growth theory explores a less tangible link, considering 
the relationship between aid, policy and growth.  Subsequent theoretical approaches have 
attempted to model the effectiveness of aid contingent on variables such as institutional 
quality, donor interests, conditionality and other factors.  While we are more interested in 
the latter – specifically the channel of delivery – it is useful to first understand how aid is 
traditionally thought to impact growth, before proceeding to consider aid agency structures.

For our purposes, we can use a standard new-classical Solow growth model to show how 
aid enters the growth equation.  The premise of the Solow model is that growth is achieved 
through the accumulation of capital.  Developing countries often find themselves stuck in 
a cycle of low saving and low capital productivity, thus the accumulation of capital stock 
through investment becomes challenging.  In this way, foreign aid can act as an income 
transfer, whereby this income transfer may or may not lead to growth.  The outcome 
depends on how aid is employed: is it invested such that domestic output may increase, or 
is it consumed (Burnside and Dollar, 2000)? In the scenario in which aid is invested, the 
growth model shows that aid will be effective.  These effects may work either through a 
larger fraction of the aid flow being invested or through increased productivity of capital.  

It is, however, implicitly assumed in the model that there would be no impediments to 
the transformation of the inflows of foreign savings into investment.  New growth theory 
suggests otherwise: investment is affected by several policy distortions – so that in a highly 
distorted environment, there are weak incentives for, and low efficiency of, investment.  
I posit that in addition to the policy environment and other institutional variables, the 
channel of aid delivery is also important to the transformation of aid into investment, such 
that certain channels are better able to provide effective aid than others.  

We can apply the theory of the firm to aid agencies to explain the organizational set-
up of foreign aid delivery.  Foreign aid can be defined in opposition to domestic income 
redistribution agencies, where the split constituencies of the former can have major 
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implications for the decision-making process.6 In the scenario of domestic aid, both donors 
and recipients enjoy voting rights and can influence the decision-making process. By 
contrast, this feedback loop between recipients and decision makers is broken with foreign 
aid – only donors have the necessary political leverage over the decision-making process.  
This broken feedback-loop is at the origins of the ownership problem.  

On a functional level, aid agencies may be defined by the contents of their activities.  
Aid agencies deliver goods and services, yet these same goods and services can be bought 
on world markets.  If it is a question of affordability, this would imply that the role of 
aid agencies is to organize financial transfers.  Yet, complicated procurement procedures, 
specification of development strategies, and active aid agency involvement in the design, 
delivery, and implementation of projects suggests that aid agencies act as more than a 
financial transfer mechanism.  

Martens (2005) argues that the main role of aid agencies is to solve the ownership 
problem that arises from the broken-feedback loop.  They achieve this through mediation 
between donors’ and recipients’ interests or preferences.  As with every contract, aid 
contracts are also necessarily incomplete, and some of the activities will be costly to verify.  
As a result, moral hazard and adverse selection are inherent in aid delivery.  Donors will, 
therefore, search for aid delivery instruments or channels that minimize these risks, for a 
given cost.  Mediation between donors and recipients by aid agencies becomes necessary 
for the management of resulting contractual costs and risks.

We can think of the donor as a firm trying to maximize productivity of aid while 
minimizing their costs.  With five given channels of delivery to choose from, we can model 
this as a simple five-factor firm’s problem.  The condition for cost minimization relates the 
ratios of each factors’ marginal product divided by the price.  In a competitive equilibrium, 
these will be equal:

Let Ai = Channeli, Pi= Price of Channeli, and K= Capital stock:

where the numerator is the marginal contribution to capital stock coming from channel Ai 
and the denominator is the price or cost of utilizing that channel.  It is useful to think of 
the price of each channel as its ability to reduce the ex-ante transaction costs and mediate 
between the diverging preferences of donors and recipients.  If, however, these are not 
equal, then it implies that either we are not in equilibrium, or that the prices are not equal.7

In sum, the critical variables will be the amount of aid flowing through each channel.  
The literature predicts that we would expect those channels that are best able to reduce 
the ex-ante transaction costs and align donor-recipient preferences to make a positive 
contribution to growth.  We can test this by modeling our regression on previous empirical 

6      “Split constituencies” refers to the fact that foreign aid agencies target recipients residing outside the 
donor’s constituency.
7       It could also indicate a corner solution.
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works, with the modification that we break down the amount of aid by channel, rather than 
the inclusion of one variable for total aid.  We do not, however, have prior beliefs about the 
relative magnitudes or signs that channels may carry.

3 Data

In order to differentiate the impact of different channels, we must include the amount of 
aid from each channel separately.  Aside from these measures of aid, the literature and theory 
identify the following control variables as important: economic environment, governance 
and institutional quality, infrastructure, and financial depth.  Dummy variables for Sub-
Saharan Africa and East Asia are also included8  The dependent variable is a measure of 
the growth rate.  

Our data are primarily collected from the Creditor Reporting System (CRS), maintained 
and collected by the Organization for Economic Cooperation and Development (OECD).  
Data are collected on individual projects and programs.  All data relating to Official 
Development Assistance (ODA) flows (including definitions of relevant concepts) are 
provided by the Development Assistance Committee of the OECD9  The objective of this 
dataset is to provide a set of ready-available data that enables analysis of where aid goes, 
what purpose it serves, and what policies it aims to implement, on a comparable basis, for 
all Development Assistance Committee (DAC) members.  Macroeconomic data, including 
per capita GDP growth rates, initial GDP, infrastructure10 and financial depth11 are from 
the World Development Indicators database, provided by the World Bank12  The economic 
environment is measured using the Economic Freedom of the World index, provided by 
the Fraser Institute13  This index ranges from 0-10, where a higher value represents better 
quality.  The data are available as 5 year averages for the period 1970-2000, and annually 
from 2000-200714  The final dataset includes data for 93 recipient countries for the period 
1974-2007.  

The dependent variable is the average annual growth rate of real GDP per capita.  The 
mean growth rate of countries is 1.82%, but there is large variation in the data.  Our variable 
of interest (the channel of delivery or the implementing agency) is subdivided into six 
categories: (i) Public sector (donor government/extending agency, recipient government), 
(ii) NGOs and civil society (donor, recipient, third country, and international NGOs), (iii) 
Public-private partnerships (PPP), (iv) Multilateral organizations (UN, WB, IMF, Regional 

8       See Table 5 for list of countries included in dummy variables
9       Available online at <http://www.oecd.org/dac>
10      We create an equally weighted index to measure infrastructure using roads paved (as a % of total 
roads), telephone subscribers (as a % of total population) and mobile phone subscribers (as a % of total popu-
lation)
11      We follow previous empirical work and use M2/GDP to measure financial depth.  See King and 
Levine, 1993
12     Available online at <http://www.web.worldbank.org>
13     Available online at <http://freetheworld.com/download.html#efw>
14     We use interpolation for the years where no data are available, as we consider it a safe assumption 
that there will not be much variation in the economic environment over 5 year periods
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Banks), (v) Other, and (vi) To Be Defined.  
The distribution of aid by channels shows the largest volumes of aid flow through the 

public sector, followed by NGOs, civil society and multilateral organizations.  This is 
illustrated by Graph A1.   As the CRS is a recent project and such comprehensive reporting 
of data was not required of donors previously, a large number of values fall into the “To Be 
Defined category.”  Hence, the data for channels of delivery are largely only available from 
the year 2000 onwards.  We anticipate this will create estimation issues further on, and it 
will be addressed subsequently.  Careful inspection of the data did not reveal inconsistency, 
obvious errors or unusual values for the concerned variables.  

4 Analysis

This section presents the empirical model and its results.  The functional form and 
specification is based on the large empirical work on aid effectiveness.  The aid growth-
relationship is modeled in more recent studies as non-linear.15  There are several reasons 
for expecting a non-linear relationship.  Hadjimichael et al. (1995) refer to absorptive 
capacity constraints16  Similarly, Durbarry et al.(1998) discuss Dutch disease problems and 
capacity constraints, while Lensink and White (1999) consider inappropriate technology 
and institutional destruction caused by aid inflow.

Empirically, this translates to the inclusion of either an aid squared term or an interaction 
term as regressors.  To put the ad hoc nature of the theoretical arguments into perspective, it 
can also be shown, as noted by Hansen and Tarp (2000) that both squared aid and interaction 
terms may arise simply as the result of a second order approximation of a standard Solow 
growth model.  Thus the non-linear aid-growth specification may simply reflect increased 
precision in the approximation of the functional form (Hansen and Tarp, 2000).  In sum, the 
preferred formulation of this non-linearity is an empirical issue.  Variants of the following 
regression equation are estimated:

 
  [i]

where i indexes countries, t indexes time, git  is per capita real GDP growth, γit is the 
logarithm of initial real per capita GDP, αit  is a vector of aid flowing through different 
channels, zit is a vector of other exogenous control variables that might affect growth, 
tt is time fixed effects and εit are mean zero error terms.  The control variables include 
measures of infrastructure, financial depth, and economic freedom.  Dummy variables for 
Sub-Saharan Africa and East Asia are also included.  The interaction variables include the 
interaction of aid from different channels with infrastructure, as well as interaction terms 
between aid from different channels with the Economic Freedom Index.  These interaction 
variables capture the non-linearity of the aid-growth relationship, but also model the 
synergy effects between the functioning of channels and infrastructure, as well as channels 
15      See Hadjimichael et al.(1995), Durbarry et al.(1998), Lensink and White (1999), and Burnside and 
Dollar (2000).
16       Countries have limited capacity to absorb foreign resources.
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and the economic environment.  Fixed-time effects are included to capture the impact of 
worldwide business cycles.  This base specification is consistent with previous empirical 
works.17  

In addition, we consider the possibility that aid is endogenous.  It is difficult to perceive 
of aid as a lump-sum transfer that is independent of the level of income.  In addition, 
a negative relation between aid and income per capita is well established empirically 
(Hansen and Tarp, 2000).  Assuming that aid depends on the level of income and that 
there is conditional convergence towards a steady state in per capita income, aid cannot be 
exogenous with respect to growth.  We therefore estimate a second equation:

 
  [ii] 

 
where αit is aid receipts, γit is the logarithm of initial real per capita GDP, zit is a vector of 
exogenous variables that might affect growth, αit are time fixed effects and εit are mean zero 
error terms.  The error terms in equation [i] and [ii] may be correlated, but the direction of 
correlation is not evident.  To the extent that donors respond to negative shocks by increasing 
assistance, the error terms would have a negative correlation.  A positive correlation is 
implied when a positive shock to growth may induce an aid stimulus as a “favor” from 
donors.  This is plausible, given that aid is not solely given for developmental purposes; 
it may serve the strategic or commercial interests of donors (Burnside and Dollar, 2000).  
Notice that our variants have between one and five endogenous right hand side variables, 
and there are a total of six excluded exogenous variables, so that the 2SLS estimator is 
overidentified.

4.1. Estimation Issues
Before we can present the results, however, a number of estimation issues must be 

considered.  First, we consider the possibility of multicollinearity between our variables.  
We test using Variance Inflation Factor (VIF).  Using the common rule of thumb of VIF>5 
as an indicator of severe multicollinearity, our interaction terms turn up as multicollinear.  
We confirm this correlation using the simple correlation coefficient, and find that it is highly 
correlated with the channel variables.  This correlation is expected; we choose to take no 
action as both sets of variables are indispensable to the regressions equation and, therefore, 
retain them.

Given that we are estimating panel data, we have to allow for the possibility of country-
specific heteroskedasticity.  We proceed by plotting the residuals before running a more 
formal test.  This reveals a fairly homoskedastic pattern, but with significant outliers as 
Gambia, Republic of Congo, Rwanda, Bosnia, and Liberia in particular years.  A more 
formal Breusch-Pagan/Cook-Weisberg test, however, leads us to reject the null hypothesis 
of constant variance.  We, therefore, use hetereoskedasticity-consistent standard errors to 
correct for it.  Correcting for heteroskedasticity, however, does not dramatically change the 
coefficient estimates.  We also found evidence of serial correlation in the residuals using 

17 See Burnside and Dollar (2000).
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a Durbin-Watson test and chose to estimate the equation using generalized least squares.18  
Again, this did not cause great changes in the coefficients.  As Roodman (2008) notes, 
serial correlation is prevalent in the literature.19  One reason it is rarely reported may be 
that extreme growth volatility in oil-rich countries such as Iran or conflict-ridden Sudan 
obscures the general pattern, rendering standard autocorrelation tests unreliable.  

A Dickey-Fuller test for non-stationarity is inconclusive because of insufficient 
observations.  A further test for non-stationarity in the residuals was also inconclusive 
due to insufficient observations.  Instead, we consider the distributions of the different 
variables, which are relatively normal.  While this is not proof of stationarity, it is the best 
we can do given the unbalanced nature of our panel.  Moreover, the inclusion of time fixed 
effects rids the equation of the trend over time.  

4.2 Results
The full sample is used and we run the regression using OLS.  The main results show that 

the only significant channel is the public sector, which is positive and significant at the 10% 
level.  The interaction of the public sector with infrastructure also has a negative coefficient 
that is significant at the 10% level.20  NGO and civil society as well as public-private 
partnerships also carry positive signs, but these results are not significant.  Interestingly, 
multilateral organizations and “other” have negative coefficients, although neither is 
significant.   In addition, initial GDP, economic freedom, and infrastructure are positive 
(and financial depth is negative) and highly significant at either the 5% or 1% level.   

Several explanations can be offered for these results.  We begin with a discussion of 
the results on the control variables.  These results are largely in accordance with theory.  
As is standard in the empirical growth literature, we include the log of initial GDP to 
capture the effects of conditional convergence.  The statistically significant and positive 
result indicates, therefore, that there is conditional convergence.  Several of the control 
variables have intuitive signs and are significant.  The results show that economic freedom 
and infrastructure have high explanatory power in the growth rates of a country.  In every 
set of regressions run, these variables retained their high significance.  The negative, but 
significant coefficient on financial depth is, however, not consistent with the theory.  We 
may explain it thus: financial depth is measured using the level of broad money (M2) as a 
share of GDP.  Because of the concern over the endogeneity of the latter variable, we lag it 
one year.  Thus, as the level of broad money increases in an economy, inflationary pressures 

18      It should be noted that the use of an unbalanced panel limits empirical techniques available, such as 
panel-specific serial correlation in our case.
19     Easterly et al. (1993) and Pritchett (2000) emphasize the volatility of growth in developing countries 
over the long term.
20    This result is puzzling. It suggests that as the level of infrastructure improves, the efficiency of 
the public sector declines.  Mathematically, it could be that the inclusion of public sector, infrastructure, 
and an interaction term between them overcompensates the individual effect of the public sector and in-
frastructure on growth rates, causing the interaction term to display a negative effect on growth.  We see 
this effect more clearly when we rerun the regression without including the interaction terms and ob-
serve a reduction in the magnitude of the individual coefficients on public sector and infrastructure.   
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may have a negative impact on growth.   Those countries with particularly volatile money 
supplies may experience this effect.  The dummy for East Asia is positive, while the dummy 
for Sub-Saharan Africa is negative.  These results are in accordance with theory.

We now focus our attention specifically on the channels of delivery.  The public sector 
is positive and significant, and this significance remains in most regressions run.  This 
suggests that the public sector is the most effective channel of delivery, and further, the 
only one that makes a positive and significant contribution to growth.  At first, this result 
is surprising.  But the public sector is different from other channels of delivery in the 
following way – aid delivered through the public sector represents a direct transfer from 
the donor government or extending agency to the recipient government.  This suggests that 
there are zero (or very nearly zero) transaction costs and fully shared preferences between 
donors and beneficiaries that negates the need for an intermediary aid agency.  

The positive, albeit insignificant, coefficient on NGOs and civil society also merits 
discussion.  NGOs are often private organizations set up by members to pursue a single or 
a range of issues.  The narrower an NGO’s range of objectives and the more homogenous 
the preference set of its members, the more focused its actions can be.  This means less 
uncertainty in the achievement of a given objective, for a given level of transaction costs.  It 
is not possible to infer a more detailed explanation of the character of NGOs from the given 
data set, but the positive result must not be discarded because it is insignificant.  Similarly, 
public-private partnerships also display a positive and noticeably larger coefficient, 
suggesting that some level of cooperation between the efficient public sector and private 
organizations is desirable and growth enhancing.

It is also interesting to note that multilateral organizations have a negative (but 
insignificant) coefficient.  Multilateral aid is a case of joint delegation by donor countries 
with different interests to a single international agency.  Multilateral agencies supply an 
institutional setting that responds to a demand from donors as well as recipients.  Yet 
the negative results suggest that multilateral agencies are ineffective in aligning donor-
recipient preferences, and despite their large size and ability to exploit economies of scale, 
they are not able to effectively reduce the transaction costs involved.  This would be a topic 
for further consideration.  

We repeat the same regression but restrict the sample to only include years 2000-2007, 
for which we have more comprehensive data by channel of delivery.  We anticipate this 
will give us more robust results because it is possible that the ‘To Be Defined’ variable 
which accounts for nearly all observations of channel of delivery prior to the year 2000 
may be biasing our results.  The results show that the public sector retains its significance, 
experiencing only a negligible change in the coefficient.  The sign on NGO and civil society, 
however, is negative in this restricted sample.  This suggests that following the year 2000, 
aid channeled through NGOs failed to contribute to economic growth.  At the level of 
aggregation at which our data exists, it is neither possible to infer the reasons for this nor 
interpret the result more closely.  The only other notable change is that the significance of 
initial GDP disappears, but this may be because the effects of convergence are not captured 
over a 6 year period.



ARE CERTAIN CHANNELS OF DELIVERY OF FOREIGN AID 
MORE PRODUCTIVE THAN OTHERS?

246

4.3 Endogeneity
To control for endogeneity we estimate the regression using two stage least squares 

(2SLS).  The specification of the aid equation [ii] builds on aid allocation literature.  In 
general, this literature has found that donor’s strategic interests play an important role 
in the allocation of aid, whereas commercial interests have been less important.21   The 
specification includes the logarithm of initial income γit, logarithm of population, inflation, 
and a group of variables that capture donors’ strategic interests.  For these we use dummy 
variables for sub-Saharan Africa (to which most European aid is directed), the Franc zone, 
Egypt (an important ally of the United States), and Central American countries (also privy 
to preferential treatment from the U.S.).  We also use a measure of arms imports relative 
to total imports lagged one period.  This specification and estimation method is consistent 
with Burnside and Dollar (2000).

First, we estimate the impact of aid on growth.  Because of the concern of endogeneity of 
the interaction variables and insufficient exogenous instruments, we exclude these from the 
regression.  The results show that total aid is positive and statistically significant at the 10% 
level.  The control variables have the expected signs and are significant.  The equation is 
re-estimated to include key channels of interest.  We exclude ‘To Be Defined’ and ‘other’ to 
observe the effect of clearly defined channels of delivery.  While none of the channels are 
significant, we find that the public sector has a small, but negative coefficient, in contrast 
to all previous regressions run.  NGO & civil society and public-private partnership remain 
positive, while multilateral is consistently negative.  

We interpret these signs and coefficients cautiously.  It is important to address the 
shortcomings of the above estimation.  Ideally, instrumentation expunges the endogeneity, 
but in practice this estimation can run into problems.  Common specification issues such as 
measurement error, serial correlation, multicollinearity, simultaneity, and omitted variable 
bias undermine attempts to eliminate endogeneity through instrumentation and can amplify 
the endogeneity bias.22  These specification difficulties, in addition to the difficulty of 
finding appropriate instruments necessarily limit how seriously we interpret the results.  

Another approach to control for endogeneity is to introduce lags in the independent 
variable.  We re-estimate the growth regressions using values for aid lagged by one and two 
periods.  Thus, we allow aid from the previous period to impact growth in the current period.  
When lagged by one period, we find that the public sector is positive and significant at the 
10% level in the restricted sample from 2000-2007.  Consistent with previous results, we 
find that NGO and civil society is positive in the full sample, and negative in the restricted 
sample.  PPP displays the opposite result, whereby it is negative and significant at the 10% 
in the full sample and positive (but insignificant) in the restricted sample.  The multilateral 
continues to be insignificant, but is now positive in the restricted sample.

When lagged by two periods, NGO and civil society are now negative across all 
specifications and samples, however, this result is insignificant.  This result may be 

21      See McKinlay and Little (1978, 1979), Maizels and Machiko (1984), Frey and Schneider (1986), 
and Trumbull and Wall (1994).
22     For an excellent discussion on the limitations of using instrumental variable approaches in aid-
growth regressions, see Roodman (2008).  
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explained by the nature of aid delivered through NGOs which may be more short-term 
assistance for humanitarian or disaster-response aid, thus not having any observable impact 
on future growth.  Public-private partnerships are highly significant and negative in the full 
sample, but positive and significant in the restricted sample.  The consistency of the sign 
across the lags suggest that aid delivered through public-private partnerships prior to 2000 
was less effective than aid delivered through public-private partnerships between 2000-
2007, for reasons unobserved in the data set.  The multilateral displays an interesting result 
whereby it is now positive (and significant at the 10% level when channel To Be Defined is 
excluded from the regression) in the full sample, but negative in the restricted sample.  That 
we observe a change in sign when we introduce lags (a result that does not appear in any 
of our other regressions, where the multilateral is consistently negative) suggests that aid 
delivered through multilaterals require a sufficient lag before their effects can be observed, 
which may reflect the more long-term nature of projects undertaken by multilaterals.  

4.4 Robustness
We perform a series of robustness checks.  We test the overall effect of total aid (without 

breaking it down by channel) on growth.  We find that aid measured as a share of GDP 
has a negative (insignificant) impact on growth aid.  When measured in per capita terms, 
aid has a positive (but insignificant) impact on growth.23  Next, we consider the impact 
of channels alone, without including our interaction variables.  We find the following 
channels to be significant: public sector, NGO & civil society, public-private partnership, 
and To Be Defined.  The public sector is now significant at the 1%, whereas the latter three 
are significant at the 10%.  Interestingly, public-private partnership now carries a negative 
sign, suggesting that in the absence of interactions with the level of economic freedom and 
infrastructure, the effectiveness of a public-private partnership diminishes.  

We re-estimate this regression by excluding both  “To Be Defined” and “Other”, to 
focus specifically on the defined channels.  The results consistently show the public sector 
to be significant at the 1%.  Although the significance of the other channels disappears, 
the signs are consistent – NGO and civil society is positive and public-private partnership 
and multilateral are both negative.  We rerun this regression once more, but this time we 
exclude the  “To Be Defined” channel, and include our interaction variables.  We find that 
the public sector is still positive and significant at the 5% level.  The only notable change 
is that in the presence of interactions with economic freedom and infrastructure, public-
private partnership is again positive, albeit insignificant.  

We run the next two regressions using a restricted sample from 2000-2007.  We estimate 
the impact of each of the channels, but do not include interaction variables.  The public 
sector continues to be significant at the 5%.  We find, quite surprisingly, that the To Be 
Defined channel is significant at the 1% level in both sets of regressions.  NGO and civil 
society is positive and significant at the 10% in the first, but loses its significance when 
“Other” is added.  A negative coefficient is seen on public-private partnerships, and this 
23     The sensitivity of results depending on whether aid is measured as a share of GDP or in per capita 
terms, including magnitude of coefficients and sign are well-documented in the literature (See Fielding and 
Knowles, 2007).
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result is significant in both regressions at the 5%.  
Thus, the result of our paper is as follows: across all the specifications, we find that 

the public sector is consistently positive and significant (on average at the 5% level).  In 
addition, our robustness checks show that the multilateral consistently carries a negative 
sign, although it does not appear as significant in any of the regressions run.  NGO & 
civil society consistently has a positive sign, and is significant in a few of the regressions.  
Moreover, public-private partnerships displays an interesting result whereby it carries 
a negative sign.  This result turns up as significant in three of the regressions, but in 
the presence of interactions with the level of economic freedom and infrastructure the 
coefficient is positive.  In all the robustness checks performed, we find that financial depth, 
economic freedom and infrastructure are consistently significant, usually at the 1% level.24

5 Conclusion

Various institutional arrangements (different channels of delivery, types of aid agencies 
and instruments) differ in their ability to affect the level of transaction costs, as well as 
the benefits that donors and recipients derive from the transaction.  Our results show that 
the public sector is the only consistently positive and significant result.  Our preliminary 
conclusion, therefore, is that it is the most effective channel of delivery.  This may be 
because in the scenario where the public sector is the channel of delivery, there is full 
alignment of donor and recipient preferences, and no transaction costs.  In this case, aid 
makes a positive contribution to growth.  The results consistently also suggest that aid 
channeled through multilateral organizations may have a negative impact on growth.  
Moreover, our study shows that aid channeled through NGO & civil society contribute 
positively to growth across the majority of our specifications.  The case of the public-
private partnership is particularly interesting, as it carries a positive coefficient only in 
the presence of interactions with the level of economic freedom and infrastructure.  This 
suggests that some level of infrastructure and policy climate is required for well-functioning 
and effective public-private partnerships.  These are interesting results that merit further 
examination.  Lastly, this study emphasizes the importance of strong institutional and 
infrastructure quality, alongside a good economic policy environment for the growth of 
developing countries.

These results are still preliminary and must, therefore, be interpreted cautiously.  There 
is a wealth of promise for future research on this topic.  In particular, perhaps one should 
assess an aid agency’s performance not in terms of improving growth or welfare in the 
beneficiary countries, but rather in terms of the efficiency and effectiveness of its mediation 
(Martens, 2005).  In addition, it would be of interest to estimate the regressions across 
different levels of income – low, low-middle and middle – to see whether there are any 
differences across them.  Lastly, a sectoral distribution of aid might reveal interesting 
patterns, whereby certain channels of delivery are more effective at delivering aid to 
specific sectors.  

24      For alternative specifications using different dependent and independent variables, see Appendix A.
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At a minimum, our study reinforces that we have reason to expect differences in returns to 
aid delivered through different channels, suggesting that some channels are more effective 
than others.  Yet the level of aggregation at which our data exists does not enable a more 
thorough study of why we observe these differences.  If all donors shared a single policy 
objective – for example, poverty reduction – then one aid agency would suffice.  This 
agency would maximize economies of scale in the collection of funds, project selection 
and subsequent monitoring, policy negotiations, and simplification of aid modalities.  Yet 
the multitude of aid agencies that exist is evidence that a single fully shared objective is an 
unrealistic assumption.  

Different agencies serve different purposes, depending on their institutional structures.  
For example, NGOs or other private agencies may be able to offer a more transaction-cost-
efficient mechanism to reduce ex post uncertainties in the use of private gifts (Martens, 
2005).  Their financial leverage, however, is limited: donors interested in utilizing this 
channel pay the full cost of the transaction and do not enjoy a ‘consumer surplus’.  Official 
aid agencies, on the other hand, have more financial clout and can increase consumer 
surplus for donors.  The objectives of development assistance are large and varied, and 
rightly so – there is no one solution to development problems.  

The aid discourse has shifted from donor-imposed conditionality toward increased 
emphasis on recipient ownership and donor alignment.  While this may work in favor of 
recipients, excessive emphasis on ownership and harmonization of objectives can reduce 
donors’ willingness to pay because it diminishes their perceived consumer surplus in 
terms of their own domestic policy interests.  Aid agencies, differing in their comparative 
advantages and institutional structures should, therefore, utilize their ability to act as 
mediators between donors and recipients by proposing aid delivery instruments that best 
reduce transaction costs and ex post uncertainties in aid delivery.  
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1 Introduction

The discussion of whether access to financial markets in rural areas may lead to poverty 
reduction is present in a large body of literature (see Burgess and Pande (2005)). The 
authors present evidence that suggests the presence of a bank branch in rural areas has 
helped to reduce poverty among the population that has access to it. 

In this study, we analyze how the CajaVecina program impacts small- and medium-
enterprise (SME) owners that live in counties without a bank branch in Chile. This program 
allows the bank to easily reach clients that live in geographically isolated areas by using a 
remote point of sale technology.

If this initiative is actually perceived as a branch substitute and the distance to the nearest 
branch is indeed a constraint preventing current and potential clients from using financial 
services, one would expect that the program would increase the use of the financial products 
provided by the bank.

The main finding of this study is that the CajaVecina program did not have a significant 
effect on expanding the use of financial services. The explanation behind this result is not 
clear and further research is required to understand the impact of the program.

ABSTRACT
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The possible mechanisms of how this may occur are described in several studies. Authors 
such as Banerjee et al. (2000), Aghion and Bolton (1997) and Levine (1997) provide a 
theoretical model to show that access to financial markets can induce changes in resource 
allocation, altering production and employment decisions and helping to reduce poverty in 
the process (as cited in Burgess and Pande (2005)). Also studies such as Rajan and Zingales 
(1998) and King and Levine (1993) present both theoretical and empirical evidence which 
suggests that financial development positively influences economic growth.

Independently, BancoEstado, a Chilean state-owned bank, decided to implement the 
CajaVecina program. This program consists of installing a remote point of sale system 
(POS) in local stores owned by their clients. This allows local clients to use all the financial 
services provided by the bank, except for issuing loans. According to theory, this program 
could alter the financial behavior of the clients who have the CajaVecina program in their 
counties. The potential benefits of this program are multiple and not solely limited to 
providing access to the bank’s financial services in isolated areas. However, for the purpose 
of this study, we narrow our analysis to this potential benefit.

Initially, the bank decided to start a pilot program to test for potential difficulties before 
expanding the program nationally. The pilot program was launched in 104 counties where 
no bank branch was present. However, the financial constraint imposed by the geographical 
location of the clients was not completely binding for every resident of these counties. 
The bank had current clients living in these counties and one can expect that by installing 
CajaVecina two things might have happened: (1) new clients would join the bank due to 
the presence of CajaVecina (also known as additionality type I) and (2) existing clients 
may have increased the use of financial services provided by the bank in their county 
(also known as additionality type II). The key assumption under these claims is that the 
geographical constraint is binding to the extent that it keeps existing clients from using 
financial services and potential clients from joining the bank. If this assumption is correct, 
then a program like CajaVecina should improve SME owners’ access to financial markets.1 

In this study, we undertake a natural experiment approach for assessing the impact 
that the CajaVecina program has on the use of BancoEstado Microempresas’s financial 
services. Before starting the program, BancoEstado decided to install CajaVecina in 
these 104 counties as a trial stage. During this pilot stage, the program was implemented 
sequentially. This allowed me to identify the installation of CajaVecina as a quasi-random 
treatment applied to certain counties. 

Since the installation order was not truly random, one can argue that this may be a source 
of bias. There might be an underlying criterion to choose the order in which the counties 
received the treatment, which could create a bias, making the treatment and control group 
statistically different. We address this issue by testing if the control and treatment groups 
were statistically different across relevant clients’ characteristics. We provide evidence that 
this is not the case, suggesting that the control and treatment group are balanced and thus 

1     Chilean geographic hierarchy division is the following: the country is divided in 15 regions (similar 
to U.S. states, but without a federal government), which, at the same time, are divided in provincias, which 
are also divided by counties. During this article, the word region will be referring to the Chilean geographical 
hierarchy division.
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suitable for the analysis. Also, we address the underlying criterion issue by making the case 
that the installation decision was at least independent of inherent business characteristics of 
the counties where the program was implemented. This suggests that the program can then 
be seen as a quasi-random variation, supporting the robustness of the results yielded from 
a natural experiment approach.   

We use a differences-in-differences approach for assessing the impact of the CajaVecina 
program. This differences-in-differences strategy allows me to control for the initial 
situation and the entrepreneurial skill of each client. This identification strategy yields 
a more robust estimate of the effect of the program than the one obtained from a single 
difference estimation.  

The main finding of this study is that the CajaVecina program did not have a significant 
effect on the use of financial services, nor did it increase the number of new clients. This 
suggests that if CajaVecina is perceived by the clients as a substitute for the branch, then 
the geographical constraint is not binding enough to influence, on average, the financial 
decisions of the SME owners regarding BancoEstado’s services. 

This result by no means rules out the effectiveness of the program. This program has 
possible effects that require further research in order to have a more complete idea of 
the impact of the program. Did CajaVecina help reduce the number of clients using the 
branch for simple transactions? If so, can the program help reduce the operational costs of 
a branch? Did the program benefit storeowners in some aspect? These questions all remain 
unanswered.   

This study is organized as follows. In section 2, this paper describes how this program 
works in a more detailed fashion; in section 3, it elaborates on the identification strategy 
and present the results; and in section 4, it concludes. 

2 The CajaVecina Program

The CajaVecina program uses an existing store, owned by a client of the bank, to provide 
financial services to clients living nearby. The financial services include paying loan 
installments, depositing money in checking and savings accounts, paying credit card bills, 
withdrawing money, paying utility bills, and checking the balance on all types of accounts. 

This is made possible by a gadget known as a remote POS (Point of Sale), which allows 
the owner of the store to access the bank information system using a phone land line or 
an internet antenna to record all kinds of financial transactions. The technology is very 
straightforward; it takes one week to install and train the store owner on the use of the 
system.

BancoEstado decided to implement this program under the hypothesis that it would 
allow them to reach new clients located in remote geographical areas where it would not 
be profitable to install a bank branch. Also, it would allow them to reduce the waiting 
time in the branches by providing an alternative where clients can do all their financial 
transactions in a place nearer than the local branch. Moreover, this program can create a 
business alliance between the store owner and the bank. With CajaVecina, the store owner 
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is able to add a new service to his store and the bank is able to provide better service to its 
clients. 

The key feature of this program is that it aggregates all the transactions of a geographic 
area, reducing the waiting time for the clients, and facilitating the task for the bank of 
providing services to their clients at the nearest branch.

3 Empirical Analysis

CajaVecina began as a pilot program intended to identify difficulties before expanding 
the program nationally. At this particular stage, the objective was to install one CajaVecina 
in each of the 104 counties in Chile that did not have any bank branches in their territory. 
BancoEstado committed to install a CajaVecina in each county, regardless of the inherent 
business characteristics of the county, because as a state-owned bank, one of its goals is to 
provide all Chilean citizens access to financial markets. This program was seen by the bank 
as a way to facilitate access to financial markets for potential and existing clients.  

Since this stage was viewed as a learning process, the installation was performed 
sequentially. This gave the CajaVecina team the chance to address potential problems 
without compromising the entire project. In Table 1, we can see that the CajaVecina team 
started by installing one POS per month and continued to increase the quantity of POS 
installed per month, until reaching a maximum of 19 per month.

In our analysis, we use the fact that the first stage of the program was implemented 
sequentially and that there were no business interests that led BancoEstado to choose one 
county over the other. I argue that the decision of implementing CajaVecina and the order 
of implementation was exogenous Therefore, we can undertake an experimental approach 
to evaluate the impact of installing a CajaVecina on a county with no banks in its territory. 

More specifically, we analyze the impact over the following variables:

1. Number of clients per county. 
2. Number of financial services being used (credit cards, cash-in-advance lines, etc.)
3. Number of clients borrowing money from the BancoEstado Microempresas and the 

rest of the financial system.
4. Number of clients late in paying the installments of their loans from BancoEstado 

Microempresas and the rest of the financial system.

Variable number 1 allows us to analyze the effect that the program has on encouraging 
new clients to join the bank (additionality type I), and variables 2 to 4 allow us to analyze 
the effect of the program on the use of financial services on current clients (additionality 
type II).

3.1 Is the CajaVecina Installation Decision Really Quasi-Random?
The first question that arises when this identification strategy is presented is whether 
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the installation decision was really quasi-random. One should expect that the bank, as a 
profit-maximizing organization, should seek to maximize profits when implementing the 
CajaVecina initiative. However, one must also acknowledge that BancoEstado is a state-
owned bank and its objectives include social/welfare related goals.

When the CajaVecina program was approved, the bank committed to install, during the 
pilot stage, a CajaVecina in the 104 counties of Chile where there was no bank branch. 
Despite the fact the bank was “forced” to install the 104 CajaVecinas, one may assume the 
bank first selected the counties most promising business wise, or at least they arranged the 
installation order so it would minimize transportation costs. According to the CajaVecina 
staff, this was not the case. They argue that at the pilot stage, they were more focused on 
testing the model. In particular, they were focused on how the technology and the training 
model were working.2  

We perform a simple analysis of correlations to check if there was a relationship between 
order of installation and a county’s number of current clients or a county’s total population. 
One should expect that if the CajaVecina staff has a business interest in mind when choosing 
where to install the program first, the number of current clients and total population should 
be the variables influencing the decision. However, the estimated coefficients for both 
variables suggest that there was almost no correlation between the order of installation of 
the CajaVecinas and both variables.3 

Table 1: Did BancoEstado chose the installation order based on business interests?
Correlation of installation order over (i)

(j) ρi,j p - value
County’s number of clients 0.07 0.59
County’s total population 0.03 0.80

3.2 The Data
In a best-case scenario, we would have a sample where half of the counties received 

the treatment at the same time, while the other half did not. Also, the un-treated counties 
would not receive the treatment for a reasonable amount of time, allowing us to assess the 
impact of the program by comparing it with the treated counties. Unfortunately, given that 
the program was implemented sequentially, this is not the case and a different approach is 
required to build an adequate sample. 

We start by looking at how many CajaVecinas were installed by month and focus our 
analysis from October 2006 to December 2006 to obtain data on the counties prior to the 
treatment. We select this time period because it was during these months that the three 
largest amounts of CajaVecinas were installed. This allowed me to have a treatment group 
as representative as possible. We then narrow the analysis to only one month to control for 
potential seasonal effects. The idea behind this is that the financial situation from October 
can be different from the one in November due to seasonality.

2      These facts were obtained in meetings, phone calls, and emails I exchanged with CajaVecina staff.
3       I dropped seven counties from the sample. These counties had a population greater than 35,000 
people, which made them influential observations and biased the estimated coefficients.
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After focusing on October 2006 to December 2006, we add the data of the clients after 
the treatment. I decided that 11 months after the treatment was sufficient. However, the data 
for September 2007 and October 2007 were not available, so we use the November 2007 
data for the analysis. Then, we construct three different sample groups: September 2006 
to November 2006, October 2006 to November 2007; and November 2006 to November 
2007.4

In addition, we limit the sample to those clients who live in the same region as the 
ones who received the treatment. This is because the geographic location of one client is 
correlated with the control variables, particularly with business sector, age, and formal 
education. Therefore, by considering only the same regions, we can prevent this source of 
bias.

3.2.1 Choosing a Balanced Sub-Sample
We need a criterion for choosing one sample over the other. We use one sub-sample that 

allows us to have a control and treated group which were not statistically different from one 
another.  We need the control and treatment group to be balanced.

First, we choose control variables following the results of Valenzuela and Venegas 
(2001). They argue that SME owners from Chile are heterogeneous across variables such 
as age, gender, and formal education. Also, they provide evidence showing that business 
activities are quite different across sectors and that they have different business cycles. 
Therefore, we choose age, gender, formal education, marital status, business sector, and 
years in business as control variables. 

Then, we proceed to compute a confidence interval for each control variable. The 
problem with this is that the control variables does not appear to be normally distributed, 
making the standard procedure not as robust as desired. Therefore, we obtain the confidence 
intervals using a bootstrap technique, which yields correct confidence intervals despite the 
distribution not being normal. As we can see in Table 2, except for the variable Age, the 
control and treatment group are no different at a 95 percent confidence level. Although the 
Age variable might suggest that both groups are statistically different, we can agree that, 
given that the variable’s unit is years, the difference is not relevant.5

Table 2:  Are the control group and treated group statistically not different?
 Treatment Counties Control Counties

(N=6) (N=8)
Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

Gender 0.51 0.67 0.65 0.73
Age 46.11 49.49 50.43 52.51
Marital Status 1.74 1.89 1.78 1.85
Formal education 1.56 1.88 1.43 1.58
Business sector 2.74 3.39 2.71 3.08
Years in business 8.48 9.56 8.78 9.40

4     The data for constructing this panel were obtained directly from BancoEstado Microempresas data-
bases.
5     I used 10,000 iterations for the calculation of the confidence intervals via bootstrap.
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The reason for comparing the control variables of both groups is due to the “pseudo 
randomization” method. This randomization occurred at a county level and we may argue 
that there are several business characteristics correlated with geographical allocation. I 
argue that the reasonable number of counties in the treated group, combined with the fact 
that we limit the sample to the regions where the treated counties are located, allows us to 
have a proper control and treatment group. This claim can be tested, and the evidence that 
both groups are statistically not different is provided in Table 1.

3.2.2 The Model: Average Treatment Effect (ATE)6

In order to assess the impact of the CajaVecina program, we need to come up with a way 
of estimating the following expression

( ) ( )[ ]NTYTYE ii || − ,

where [ ]⋅E  corresponds to the expected value, iY  the variable of interest of individual i, and 
T if that individual received the treatment. 

The problem with this expression is that is impossible to know the state of the same 
individual with and without the treatment at the same time. In reality, we observe:

( )[ ] ( )[ ]NTYETYE NT
i

T
i || − .

In this scenario, we cannot know if the difference is due to the treatment or due to 
inherent characteristics of the individuals. This problem can be expressed by rearranging 
the latter expression:

( ) ( )[ ] [ ] [ ]NTYETYETYTYE NT
i

NT
i

NT
i

T
i |||| −+− ,

where the term [ ] [ ]NTYETYE NT
i

NT
i || −  represents the selection bias. Since the pilot stage 

of the program can be interpreted as a natural experiment, I claim that both groups are on 
average not statistically different; therefore the selection bias term is equal to zero. We can 
compare the averages of the control and treatment group in order to obtain an estimate of 
the average treatment effect. 

Given that we have panel data from two periods, we undertake a differences-in-
differences approach to estimate the average treatment effect. This approach is ideal for 
analyzing the actual change in the variable that is being studied, making the results more 
accurate. This can be expressed as

( )[ ] ( )[ ]( ) ( )[ ] ( )[ ]( )NTYENTYETYETYEdifindif tttt |||| 0101 −−−=−− .

To compute this coefficient, one can simply calculate the averages of the treatment and 
control group before and after the treatment. However, one can undertake an ordinary 
least squares (OLS) approach in order to have a more robust estimation by adding control 
6      Based on Martínez (2007)
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variables. This yields the following linear equation:

Equation 1: Linear model
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Also, some of the dependant variables, iY , have a binary form. In these cases, we also 
use a probit model with the same linear specification: 

Equation 2: Probability model
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3.3 Results
The results indicate that the hypothesis that the CajaVecina program did not have an 

effect different than zero on the analyzed variables cannot be rejected. For estimating the 
effect of the program, we compute the average treatment effect using a differences-in-
differences approach, as described in section 3.

I present the results in two groups: impact that the program has on encouraging new 
clients to join the bank (additionality type I) and on the use of financial services on current 
clients (additionality type II). 

3.3.1  Additionality Type I 
The first result suggests that CajaVecina did not have an effect on BancoEsado 

Microempresa’s number of clients. To determine this, we compute the average number of 
clients per county for the treatment and control group before and after the program was 
implemented. Then, we obtaine the difference between the average number of clients before 
and after CajaVecina was installed. Finally, we calculate the differences-in-differences 
coefficient. The estimated coefficient is positive, but not statistically different from zero 
(see Table 3).
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Table 3: Did CajaVecina Lead to More Clients Joining the Bank?
 Average number of clients per county

Sep-06 Nov-07 Difference
Treatment counties 24.43 24.14 0.29

(2.94) (3.03) (4.22)
Control counties 44.25 44.50 0.25

(4.04) (4.01) (5.69)
Dif-in-Dif 0.04

   (7.09)

3.3.2 Additionality Type II
The second finding suggests that CajaVecina did not have a statistically significant effect 

on the number of financial services used by clients (see Table 4). Moreover, according to 
the calculations, the effect was actually close to zero.

Table 4: Did CajaVecina have an effect on the number of financial services used by clients?
 Average number of financial services used

Sep-06 Nov-07 Difference
Treatment 
counties 1.51 1.37 -0.14

(0.15) (0.15) (0.21)
Control counties 1.26 1.12 -0.15

(0.0018) (0.0017) (0.0025)
Dif-in-Dif 0.00

   (0.21)

When analyzing the effect of the program by each financial service, the results suggest 
that CajaVecina did not have a significant effect on the use of any of these products. In fact, 
all the estimated average treatment effects are close to zero and not statistically significant 
at even a 90 percent confidence level.

Finally, the program does not seem to have an effect on the number of clients taking 
up commercial loans or on the number of clients paying late on their outstanding debt 
installments. Again, the estimated coefficients are not statistically significant. Also, three 
out of the four estimated coefficients are negative, contradicting the hypothesis.

Table 5: Did CajaVecina have an effect on the use of financial services?
Checking account

Sep-06 Nov-07 Difference
Treatment counties 0.15 0.14 -0.01

(0.05) (0.05) (0.07)
Control counties 0.07 0.07 0.00

(0.0005) (0.0005) (0.0007)
Dif-in-Dif -0.01

(0.07)
Credit line

Treatment counties 0.15 0.17 0.02
(0.05) (0.05) (0.07)

Control counties 0.07 0.08 0.00
(0.0005) (0.0005) (0.0007)
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Dif-in-Dif 0.02
(0.07)

Electronic checkbook
Treatment counties 0.25 0.16 -0.08

(0.06) (0.05) (0.08)
Control counties 0.20 0.11 -0.09

(0.0008) (0.0006) (0.0010)
Dif-in-Dif 0.01

(0.08)
Savings account

Treatment counties 0.79 0.71 -0.07
(0.06) (0.06) (0.09)

Control counties 0.74 0.69 -0.05
(0.0008) (0.0009) (0.0012)

Dif-in-Dif -0.02
(0.09)

Credit card
Treatment counties 0.18 0.19 0.01

(0.05) (0.06) (0.08)
Control counties 0.17 0.17 0.00

(0.0007) (0.0007) (0.0010)
Dif-in-Dif 0.01

   (0.08)

Table 6: Did CajaVecina have an effect on the loan take-up or late payments?
Debt with BancoEstado

Oct-06 Nov-07 Difference
Treatment counties 0.38 0.43 0.05

(0.07) (0.07) (0.10)
Control counties 0.35 0.36 0.01

(0.0009) (0.0009) (0.0013)
Dif-in-Dif 0.04

(0.10)
Debt with rest of the financial system

Treatment counties 0.60 0.63 0.03
(0.07) (0.07) (0.10)

Control counties 0.50 0.53 0.03
(0.0009) (0.0009) (0.0013)

Dif-in-Dif 0.00
(0.10)

Past-due debt with BancoEstado
Treatment counties 0.02 0.02 0.00

(0.02) (0.02) (0.03)
Control counties 0.03 0.03 0.00

(0.0003) (0.0003) (0.0004)
Dif-in-Dif 0.00

(0.03)
Past-due debt with rest of the financial system

Treatment counties 0.04 0.02 -0.01
(0.03) (0.02) (0.03)

Control counties 0.03 0.03 -0.01
(0.0003) (0.0003) (0.0005)

Dif-in-Dif -0.01
   (0.03)
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4 Conclusion

Our findings suggest that the CajaVecina program did not have on average a significant 
effect on the client’s decision of using BancoEstado Microempresas’s financial services. This 
result can be interpreted in various ways. One can conclude that the geographic constraint in 
these counties is not binding enough to prevent clients from using BancoEstado’s financial 
services. Another plausible explanation might be that this program is not perceived by the 
clients as a close substitute for the branch. One can also interpret these results as a sign that 
the program lacked proper advertising; perhaps clients did not know what this service was 
or where it was located, etc.7

Despite these findings, we cannot rule out the effectiveness of the program. The 
CajaVecina initiative has a lot of potential benefits for the bank and for the clients, in 
addition to improving access to financial markets in isolated areas. However, due to the 
lack of data, I could not explore these topics. In order to understand the real benefits of this 
program, we need to know more about how the program is perceived by the clients and 
how this affects their behavior. First, we need to determine if the geographical constraint is 
indeed binding. We need to understand if this restriction is making it difficult for clients to 
access the financial market. Second, we need to know if CajaVecina is perceived as a close 
substitute for a branch. If it is, the program might be a solution for the isolation issue. If 
it is not, we need to know why and if a different advertising campaign could change this.   

Since many questions remain unanswered, it is difficult to really understand the impact 
of CajaVecina and its possibilities as a program for addressing the lack of access to formal 
financial markets in rural areas. In conclusion, the results of this study are inconclusive and 
further research is required.
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1 Introduction

When I arrived in Ecuador for my semester abroad, my goal was to better understand 
problems surrounding credit access in Latin America. As it turned out, I was able to volunteer 
at a small private credit union on the south side of Quito. I quickly found, although not quite 
as I envisioned, that my goal to learn about problems facing the expansion of credit access 
would come true since this particular credit union was on brink of insolvency, having over 
$80,000 in delinquent loans and only one administrator with training limited to clerical 
functions. The rest of the employees with backgrounds in finance and accounting either 
sought better paying positions elsewhere or, most notoriously, quit after extracting $10,000 
from the savings portfolio. Although the actual work experience was a bit dispiriting, 
it highlighted some of the most critical problems facing credit providers in developing 
countries.   

These instances of organizational pathology are known as managerial expense-preference 
(demonstrated in the manager’s rent-seeking behavior) and member delinquency (shown 
through the cascading failure of members to repay loans). Existing theory (Branch and 
Baker (1998), Labie and Perilleux (2008)) states that agency problems usually result from 
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diffuse ownership stemming from excessive membership growth. But in this case the 
credit union was small and private, unlike its larger and notably more successful public 
counterparts in Ecuador’s formal financial system.  

As a result, my attention turned to the question of formality. Formality could explain this 
apparent contradiction because it promotes transparency and accountability, which in turn 
reduces the information asymmetries that lead to agency problems. Furthermore, Ecuador 
is known for its relatively well-developed institutions1 (Branch and Baker, 1998, 24) 
including its system of prudential regulation, contract enforcement, and capital markets. 
Credit unions outside the province of these formal institutions are more vulnerable to agency 
problems, making them unable to remain both efficient and inclusive when ownership 
grows too diffuse.

To address the possibility that formality reduces agency problems, this paper examines 
36 public credit unions2 within Ecuador’s formal financial system and uses a testable model 
that generates the optimal size in terms of members. If the optimal size is relatively large, 
then it suggests that a formal financial system enables credit unions to attain higher levels of 
access and efficiency despite their member-based ownership structure. What the empirical 
analysis finds is that the optimal credit union size is relatively large, resulting in three 
implications: (1) credit unions may not be as growth constrained as previously thought, 
(2) the severity of agency problems is most likely related to the level of institutional 
development in addition to membership growth, and (3) credit unions can serve as an 
effective vehicle for expanding credit access despite existing perceptions. Future research 
should investigate the challenges facing credit union growth and should control for the 
effects of different institutions on performance.

This paper is organized as follows: Section 2 reviews the background and literature; 
Section 3 develops a conceptual model that determines the optimal membership level; 
Section 4 assembles the empirical model; Section 5 discusses the data and the specifications; 
Section 6 explains the methodology, analyzes the empirical finding, and provides anecdotal 
support; Section 7 concludes.

2 Literature Review

Levine (1997) shows that credit is a central force in the process of development and 
more generally in the process of wealth creation. In developing countries the persistent 
lack of credit is a major obstacle to growth with an estimated three billion people lacking 
access to basic financial services (Helms, 1, 2006). The chief driver of credit scarcity is 
uncertainty faced by creditors when measuring borrower risk.3  
1      Institutional development as understood as the process of formalizing “the rules of the game” that 
define relationships of trust.  
2      According to the Cooperative Law of Ecuador No. 1031 of September 7, 1996, General Law on 
Institutions of the Financial System No. 72, and the Executive Decree No. 1227 of March 19, 1998, credit 
unions are defined as “private-sector societies, made up of individuals or entities which, without pursuing 
profit, take in savings and deposits, make discounts, grant loans to their members and make payments and 
collections on their account” (WOCCU, 2005: 318).
3     This uncertainty is due to the high costs of processing borrower information, which either (1) forces 



ARE CREDIT UNIONS IN ECUADOR ACHIEVING ECONOMICS OF SCALE?266

Two popular strategies for expanding credit access under conditions of uncertainty stem 
from Yunus (1999) and de Soto (2000). Yunus (1999) promotes the microfinance model, 
which transfers risk from creditors to borrowers through group-based lending (Stiglitz, 
351-353, 1990).4 Developing a more systematic approach, de Soto (2000) identifies the 
underlying causes of credit scarcity, namely the high costs of obtaining property rights, the 
lack of contract enforcement, and overly complex legal systems.  Minimizing the costs of 
obtaining formal proof of creditworthiness enhances transparency and enables creditors to 
more formally ascertain borrower risk.

Although the above approaches have successfully increased credit access, one alternative 
overlooked in the literature is the credit union model. In 2007 credit unions numbered over 
2,500 with more than $30 billion in assets in Latin America (WOCCU, 3, 2008). In terms 
of membership, credit unions in Latin America grew from 23 to 30 million members in 
2007, an annual growth rate of 25 percent (WOCCU, 3, 2008; and WOCCU, 3, 2007). 
Credit unions merit further academic inquiry (especially in the context of expanding credit 
access) because they avoid the lending requirements of formal banks while offering credit 
at competitive interest rates due to member-based ownership. In addition, credit unions 
may be an appealing alternative for policymakers because they avoid the donor-based 
financing needed in microfinance (Grameen-style) and the challenge of raising bureaucratic 
efficiency in granting property rights as argued in de Soto (2000).

On the other hand, credit unions face several disadvantages related to their organizational 
structure such as their non-profit mission, unclear fiduciary responsibilities, non-tradeable 
shares, and a one-person one-vote governance structure (resulting in unclear property 
rights). While these features achieve a higher level of access and inclusiveness, they detract 
from efficiency and make credit unions susceptible to agency problems. Branch and Baker 
(1998) and Labie and Perilleux (2008) theorize that membership growth exacerbates 
these defects and deteriorates the ability of the principal to monitor agents’ decisions and 
minimize information asymmetries. 

Due to this relationship there is a tradeoff between access and efficiency in credit 
unions. Leggett and Strand (2002) lend empirical support to this view by showing 
that membership growth contributes to expense preference in management and worse 
performance. Additionally, Desrochers and Fischer (2002) find empirical evidence that 
diffuse ownership is a major cause of insolvency and institutional failure in credit unions. 
Frame et al. (2002) show that credit union membership expansion dilutes the information 
advantages associated with a tight common-bond of association, even though it reduces 

creditors to charge inflated interest rates to individuals with no credit history or (2) forces borrowers to enter 
the formal credit system which may have relatively high barriers to entry, especially in developing countries 
as argued in de Soto (2000). Individuals that cannot afford either of these options must self-finance, slow-
ing their economic mobility and reinforcing intergenerational poverty. Therefore, findings ways to lower the 
costs of processing information on borrower risk is an important part in integrating more people into financial 
markets, increasing investment, and improving growth rates.   
4      In microfinance borrower risk is processed through peer-monitoring since additional financing is 
conditional upon the successful repayment each group member’s loan. Another advantage of microfinance 
is that borrowers have access to decentralized information, making them better situated to process risk and 
select a group with a higher probability of loan repayment (reducing adverse selection).  
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risk concentration and raises investment opportunities.  
Many of the solutions to agency problems in credit unions focus on improving the 

institutions surrounding credit union governance to increase the monitoring of agents’ 
decisions. The emergence of these institutions is closely associated with the formalization 
of a financial system. One developing country with many of these institutional features is 
Ecuador, which is specifically identified in Branch and Baker (1998). These institutional 
features include a relatively rigorous system of prudential regulation5 and some capital 
market formation permitting corporate consolidation and economies of scale. Economies 
of scale improve monitoring in two ways:6 (1) they enable credit unions to exploit 
information technologies to more accurately measure borrower risk, screen loans, and 
manage accounting information7 and (2) they make it possible to hire full-time lawyers and 
collections officers to strengthen contract enforcement, to create stronger loan repayment 
incentives, and to lengthen members’ time-horizons (as the risks of insolvency decline). 
Moreover, the benefits of economies of scale contribute to improved monitoring capabilities 
and fewer corporate governance issues. Figure 3 offers a conceptual model that shows the 
effect of institutional and technological improvements on the optimal size of credit unions.

Given the relationship between institutional and technological development and the 
optimal credit union size, it appears that formalizing a financial system is an effective way 
to expand credit access.  Although the explicit social and communal features fall to the 
wayside as credit unions enter the formal system and grow, the net effect is a more resilient, 
more efficient, and overall more inclusive financial system as asserted in Jones (2006). 
This paper builds from this perspective and tests if the credit unions within Ecuador’s 
formal system can attain both efficiency and accessibility.

The lack of attention given to credit unions in development discourse suggests that 
theoretical misconceptions exist about their optimal size in developing countries. When 
attention is given it is often confined to the informal context, a setting well known for 
mixed credit union performance (creating a bias against credit unions).8 This study is 
5      In terms of regulations, the Superintendency of Banks in Ecuador requires public credit unions to 
employ officials (including managers, directors, and members of supervisory committees) that meet a host of 
technical and experiential requirements (such as university degrees in economics or a finance-related field), 
utilize internal and external auditors, hold managers liable for losses (with their own assets), and elect a su-
pervisory committee in addition to the board of directors. If necessary the Superintendency can impose civil 
and penal sanctions, remove the board of directors and designate a controller in their place, and file an invol-
untary liquidation order (WOCCU, 318, 2005). Also credit unions must maintain high capital reserves, limit 
loan concentration, provision for losses, and write-off delinquent loans (Branch and Baker, 28-30, 1998). As 
a whole, this system of prudential regulation is relatively rigorous and provides monitoring procedures to 
compensate for the lack of member monitoring that occurs under diluted ownership. 
6      Consolidation allows credit unions to have higher financial capabilities, improved liquidity manage-
ment, and greater job specialization (Labie and Perilleux, 5, 2008). Wheelock and Wilson (2008) confirm 
these advantages by providing evidence of increasing returns to scale from consolidation in US credit unions.  
7     These improvements enhance managerial control by improving information management, leading 
to narrower information asymmetries and lower delinquency rates. Goddard et al. (2008) offer evidence of 
this relationship, showing a strong correlation between credit union consolidation and the use of information 
technology.
8      The valuable development text Perkins et al. (2006) confines discussion of credit unions to the 
agrarian context, leaving out the more varied and complex history of credit unions in development. Also dis-
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different with its focus on Ecuador, theorizing that its nascent formal financial system 
enables credit unions to grow larger than expected and achieve economies of scale (while 
minimizing agency problems).

Figure 3

 The shift from I0 to I1 represents an improvement in the level of institutional development causing a shift 
in the Long Run Average Total Cost Curve thereby permitting a higher optimal size. In the bottom figure, 
the change from I0 and I1 causes a shift in the Marginal Cost of Information curve (representing the cost of 
monitoring).  As membership moves beyond the optimal point, the marginal cost of information exceeds the 
marginal benefit causing information asymmetries and agency problems (which is subsequently reflected in 
the increasing Average Total Cost curve above). In sum, the shift from I0 and I1 causes a change in the cost 
structure of information which enables credit unions to achieve a larger optimal size.   

3 Theory

From a theoretical standpoint, to determine the optimal size of credit unions it is necessary 
to use theory on constrained-optimization in credit unions.  The following section lays the 
foundation for this process by identifying: (1) the objective function of credit unions, (2) 
the budget constraint, and (3) the effects of growth (measured in terms of members). 

First, one of the defining features of credit unions is their unique objective function due 
to member-based ownership and control. Members exercise control in annual elections 
cussion of credit unions as a development model is missing in important Latin American development texts 
such as Franko (2006). 
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where they vote for a board of directors under a one-person one-vote system. As a result, 
to understand the utility-maximizing behavior of members it is necessary to define their 
voting objectives.  Smith (1984) does this by dividing members into two groups: net 
borrowers (members that have more loans than savings) who maximize their Net Gain on 
Loans (NGL) and net savers (members that have more savings than loans) who maximize 
their Net Gain on Savings (NGS).9  

Smith (1984) provides the following:

UMembers = f (Net Gain on Loansj, Net Gain on Savingsj)               (1)
Net Gain on Loansj =  (rj

LM – rL)       (2)
Net Gain on Savingsj =  (rS – rj

SM)       (3)

Equation 2 shows Net Gain on Loans (NGL) as the difference between the market loan 
rate (rj

LM) and credit union’s specific loan rate (rL), so net-borrowers seek to maximize NGL 
by electing directors that distribute profits through cheaper interest rates on loans. On the 
other hand, Equation 3 shows Net Gain on Savings (NGS) as the difference between credit 
union savings rate (rS) and the market savings rate (rj

SM), so net-savers seek to maximize 
NGS by electing directors that distribute profits through higher interest rates on savings 
(similar to the concept of a dividend). Due to data constraints this study utilizes NGL as the 
dependent variable, but excludes NGS.10

The second step in constrained optimization involves constructing a budget constraint.   
Building from Smith (1984), Bauer (2006) develops a workable budget constraint for credit 
unions.11 Bauer (2006) provides the following:    

B = rLL – rSS – rDMD – C(L,S) – ∆K ≥ 0                  (4)

This budget constraint (B) shows net revenue generated from loans (rLL), net dividends 
paid on savings accounts (rSS), the interest rate on liabilities interacted with total liabilities 
(rDMD), the costs associated with the level of loans and savings (C(L,S)), and change 
in capital reserves (∆K).  Furthermore, this study examines how well credit unions can 
maximize NGL subject to these constraints; accordingly the above variables are the basis 
for this study’s explanatory variables. For visual benefit, Figure 5 illustrates this process of 
9     Smith (1984) makes the following assumption: (1) credit unions offer uniform rates across mem-
bers, (2) alternative rates always exist and all members face the same alternatives, (3) other aspects that in-
crease member utility such as service and product quality are neglected, (4) the relative differences between 
credit union rates and competitor rates drives membership demand, (5) all savings and loans have a maturity 
of one period (Smith, 1984: 1156-1158).  
10    Recognizing the risk of omitted variable bias due to the exclusion of NGS, its worth saying that in 
general savings and loans rates are highly correlated and tend to diverge only in cases of extreme preferences 
towards net-savers or net-borrowers in the board of directors (Branch and Baker, 17, 1998).  By using fixed 
effects it is possible to control for these cases and reduce the loss of information.    
11    Bauer (2006) makes the following assumptions: (1) loan and savings rates are homogenous for all 
members, (2) increases in NGL and NGS benefit all members holding all else equal, (3) the board of direc-
tors represent the preferences of the members, (4) the median director’s preference is the preference of the 
institution, and (5) the preferences of the median director do not change (Bauer, 5-6, 2006).  
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constrained-optimization. It shows that as the budget constraint shifts outward the credit 
union moves to a higher indifference curve thereby optimizing the average member’s utility. 
Moreover, rightward movements of the budget constraint signal improved performance in 
terms of NGL and NGS. 

Figure 5

Finally the third step is to add a variable accounting for the effects of growth (in terms 
of members) to the budget constraint.12 The relationship between membership growth 
and NGL performance is expected to follow a non-linear, inverted U-shape path. As 
membership expands credit unions experience returns to scale due to greater specialization 
of job functions and an improved ability to finance the loan portfolio. Yet as membership 
exceeds a certain level, the increased separation of ownership and control leads to worse 
NGL performance. Moreover, this relationship implies an optimal size in terms of members 
(See Figure 3).

The cause of the inverted U-shape path is the one-person one-vote system mentioned 
earlier which fixes ownership to the number of members rather the amount each has 
deposited. This voting system exacerbates separation between ownership and control 
because as membership grows the marginal voting power of each member decreases, leading 
to less control and unclear property rights. As the dilution of ownership worsens, members 
become more disassociated with credit union governance leading to less oversight, free 
riding, and more delinquency. To handle increased borrower risk, managers raise nominal 
interest rates, negatively affecting NGL performance. Equations 5 and 6 connect the 
concepts of membership growth, ownership dilution, and nominal interest rates:      

12     Theoretical works on the subject of organizational growth date back to Coase (1937) with the theory 
of organizational hierarchies and transaction costs.  More recently, Fama and Jensen (1983) describe how 
heightened organizational growth (and subsequent complexity) leads to increased separation between owner-
ship and control.  Although certain efficiencies are achieved in the separation of risk bearing and management 
functions, as a firm grows and information becomes more diffuse the cost of transferring information creates 
information asymmetries.  To minimize these asymmetries and properly monitor agents’ decisions, the man-
agement and control of decisions must be delegated throughout the organization.  
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it
j = rt + 1 + πt + 1 + θj                                                                                            (5)

θj = 1 /  + ε        (6) 

Equation 5 expresses the nominal interest rate on loans (it
j) to the jth member in time t 

as a function of the expected real interest rate (rt + 1), the expected inflation rate (πt + 1), and 
borrower risk of the jth member (θj). Equation 6 represents borrower risk as a function of 
ownership dilution (where Sj/SJ represents the share dilution of jth member’s deposit and J 
represents total members) and uncertainty (ε). Although Equation 6 is more heuristic than 
theoretical, it shows that increases in ownership dilution cause borrower risk to increase, 
thereby raising interest rates and adversely affecting NGL.  

Having completed this constrained-optimization model taking into account the effects of 
growth, the next stage puts this theory into a testable form.

4 Methodology

This study divides the econometric methodology into two stages. The first stage constructs 
a model using theory presented in Section 3. The second stage addresses the central question 
of this paper by estimating the optimal size in terms of members. Combining Equation 2 
(the credit union objective function), Equation 4 (the budget constraint), Equation 5 and 6 
(the effects of membership growth), and a few control variables it is possible to obtain the 
following:

NGL = β0 + β1R + β2E + β3G + β4DC + β5NC+ β6KC + β7AD + β8rLM + β9P + β10M + β11M
2 + ε    (7)                                

       Revenue Variables     Cost Variables          Control Variables        Membership Growth 

Equation 7 shows the process of constrained optimization in credit unions. It shows net 
gain on loans (NGL) as a function of variables that represent revenue, cost, controls, and 
membership growth. The revenue variables are composed of profitability (R), managerial 
efficiency (E), and managerial expense (G), a proxy for the quality of managers or level 
of monitoring. The cost variables are composed of debt performance (DC), the cost 
of non-performing loans (NC), and the cost of setting aside capital reserves (KC). The 
additional control variables include asset diversification (AD) and differenced market 
interest rates (rLM), which conveys information about real interest rates, competitiveness, 
and inflation. The variables (M and M2) account for size in terms of membership growth 
and its polynomial functional form. Finally, fixed effects dummies (P) control for varying 
characteristics across credit unions and whether the credit union is biased towards net-
savers or net-borrowers. 

After estimating the coefficients, the calculation for finding the optimal membership 
level is expressed in Equation 8:  
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                                                                                 (8)

It is possible to calculate the optimal membership level by setting Equation 7 equal to zero 
and solving for M. In the context of this study, the optimal credit union size is considered 
a function of Ecuador’s specific institutional features in addition to the specifications 
in Equation 7. This assumes that all credit unions are subject to the same institutional 
conditions, which is reasonable given that all credit unions are large, public (no common 
bond), and regulated by the same government agency.

5 Data

The data set is from 36 credit unions in Ecuador at the monthly frequency from a 
period between the December 2005 and August 2008. The source of the data set is the 
Superintendency of Banks (Superintendencia de Bancos y Seguros) in Ecuador. In total 
there are 1,110 observations and eight explanatory variables in each model. In Ecuador 
public credit unions are required to file monthly reports that include “balance sheets, 
operating statements, statements of financial position and equity using the formats, 
scope and regularity and accounting rules established for them” (WOCCU, 318, 2005). 
The data in this study are from these monthly financial reports and available through the 
Superintendency of Banks public database. Table 2 reports the measurements, expected 
signs, and summary statistics of the dependent and explanatory variables.13 The data set is 
balanced.  

The dependent variable is net gain on loans (NGL) and is determined by the average interest 
rate on loans for a period longer than one year subtracted by the individual credit union’s 
interest rate. The expected signs of the explanatory variables are straightforward. Return 
on assets, efficiency, and monitoring expense account for the revenue side of the budget 
constraint and should improve NGL performance. On the other hand, debt performance, 14 
delinquency costs, and capital reserves account for the cost side and are expected to detract 
from NGL performance. For the sake of robustness, alternative specifications on the cost 
side include vulnerability (substituting for delinquency costs) and liquidity (substituting 
for capital reserves). One alternative specification for the revenue side is return on equity 
(substituting for return on assets).15 Control variables include alternative market interest 
rates (differenced average of all credit union interest rates) and asset diversification as 
13      In literature that examines credit union performance, the preferred measure of variables are typi-
cally financial ratios (Richardson, 2002; Frame et. al, 2002; Leggett and Strand 2002; Braga et. al., 2006; 
Desrochers and Fischer, 2002).  Financial ratios offer a reasonable approximation of the conceptual model 
by accounting for the major determinants of revenue, cost, and changes in business, in spite of being rough 
approximations. 
14      Note that larger values of debt performance signify improvements.  
15      Although the revenue and cost variables generally should increase or decrease NGL, respectively, 
theory does not provide a consensus on the sign for monitoring, debt performance, capital requirements, and 
liquidity.  As a result, as shown in Table 2 the expected signs for these variables are both positive and nega-
tive.
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measured by the natural log of total assets, which should be positively related to NGL 
performance. The last explanatory variables account for membership growth, where 
positive effects dominate at lower levels of membership and negative effects at higher 
levels.16

Table 2: Dependent Variable - Net Gain on Loans
NGL = Avg. Market Interest Rate – Credit Union Interest Rate (Mean 0.9, Standard Deviation 1.3)

Explanatory Variables Measure
Expected 

Sign

Mean
(Standard 

Dev.)

Primary Specifications
Revenue Variables
Return on Assets Net Income / Average Assets + 9.2 (7.3)
Efficiency Operational Expense / Financial Margin + 82.4 (51.8)
Monitoring Managerial Expense / Average Assets    +/− 3.9 (1.6)

Cost Variables
Debt Performance Productive Assets / Expense on Liabilities    +/− 130.0 (33.1)
Delinquency Cost Delinquency Rate − 4.9 (2.7)
Capital Reserves Capital Provisions / Delinquent Loans    +/− 305 (2,105)

Control Variables
Alternative Interest Rate Avg. Interest Rate (Not Differenced) + 14.5 (2.4)

Asset Diversification Assets (Not Natural Logged) +
28.9m 

(25.3m)

Membership Variables

Members Number of Members +
50,412 

(63,747)

Members Squared Number of Members2 −
6.6E+09 

(2.1E+10)

Member Preferences Fixed Effects Dummies

Alternative 
Specifications
Alt. Revenue Variables 
Return on Equity Net Income / Average Equity + 1.8 (1.6)
Alt. Cost Variables
Vulnerability Delinquent Loans / (Net Income + Equity) − 14.0 (14.7)
Liquidity Available Funds / Short Term Deposits    +/− 18.9 (11.3)

Source: Superintendency of Banks, Ecuador 2008

16      Due to a break in the data set, this study generated three rows of entries to fill in missing data on 
membership levels using a moving average over the missing dates.
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6 Results and Analysis

This section offers description and analysis of the regression results and the estimated 
optimal size. It concludes with some anecdotal support of the role of institutions on credit 
unions. 

Table 3: Dependent Variable - Net Gain on Loans Fixed Effects Model

Explanatory Variables
Model 1.1 
(Within)

Model 1.2 
(Within)

Model 2.1 
(GLS)

Model 2.2 
(GLS)

Primary Specifications
Revenue Variables

Return on Assets .2580 (5.92)*
    .3055 
(12.49)*

Efficiency     .0005 (1.06) .0003 (.570) .0008   (1.24) .0007 (1.03)

Monitoring  .1402 (1.67)
       .1193 

(1.43)
        .0595   

(0.98) .0460 (0.76)
Cost Variables
Debt Performance -.0105 (-6.14)* -.0115 (-6.58)*
Delinquency Cost .1119 (4.04)*   .1286 (4.00)* .1116  (5.22)* .1215 (5.60)*
Capital Reserves  4.2e-5 (80.56)* 4.2e-5 (3.40)*
Control Variables
Alternative Interest Rate .2561 (26.69)* .2578 (29.89)* .2647 (12.91)* .2570 (12.09)*
Asset Diversification 2.1082 (5.67)* 2.0249 (5.20)* 1.6486  (7.50)* 1.6896 (6.89)*
Membership Variables

Members 9.96e-6 (2.06)*
9.07e-06 

(1.58) 1.49e-5 (4.08)* 1.46e-5 (3.93)*

Members Squared
-1.93e-11 
(-2.35)*

-1.54e-11 
(-1.65)

-2.72e-11 
(-3.83)*

-2.40e-11  
(-3.38)*

Member Preferences Fixed Effects Fixed Effects Dummies Dummies
Alternative Specifications
Alt. Revenue Variables

Return on Equity .04287 (4.18)*
.0544519 
(10.48)*

Alt. Cost Variables
Vulnerability -.0036 (-.80) .0016 (0.53)
Liquidity -.0017 (-.32) -.0012 (-0.23)
R2 0.27 0.26
Wald Chi2 627.44 567.08

*Denotes Significant at 5% Level

6.1 The Regression Results
After running a series of diagnostics, the regressions in Table 2 appear to not suffer from 

severe multicollinearity or serial correlation, but have significant heteroskedasticity and 
require fixed effects.17 Heteroskedasticity is corrected through the use of adjusted standard 
17      According to the Wooldridge test for serial correlation in panel data, the insignificant test statistic 
of 0.0746 accepts for now the null hypothesis of no autocorrelation. For more detail on the Wooldridge test 
see Wooldridge (2002) and Drukker (2003). Using a likelihood ratio test between two iterated GLS models 
with and without heteroskedasticity, the significant test statistic of 0.000 rejects the null hypothesis that there 
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errors and generalized least squares estimation.  
Again, the results are classified into four categories: revenue variables, cost variables, 

control variables, and membership growth variables. All variables had signs consistent 
with theory, except cost variables, which were more ambiguous. A possible explanation 
for the ambiguous sign on costs could be that changes in cost do not necessarily factor 
into managers’ decisions to distribute profits through NGL (further research is necessary 
to substantiate this claim). In addition, all variables were significant at the 5% level except 
for efficiency and monitoring and the alternative cost variables. Although it is somewhat 
problematic that efficiency and monitoring (and to a lesser extent the alternative cost 
variables) are not significant, these measures may simply lack sufficient information to 
fully account for the specified concepts (especially since both are based upon measures of 
cost efficiency). 

In terms of coefficients, changes in return on assets and asset diversification are shown to 
have a very strong positive effect on NGL performance. Further, it appears that the quality 
(return on assets) and quantity (asset diversification) of assets play a very important role 
in determining the amount of profits distributed through interest rates on loans (or, said 
differently, increases in NGL). Having briefly interpreted the regression results, it is time 
to estimate the optimal credit union size. 

6.2 Estimated Optima
Assuming that the conceptual model is theoretically valid and well specified, the next 

step is to use Equation 8 to calculate the optimal credit union size in terms of members. 
Table 4 shows the results according to the four separate models — each using the respective 
specifications and estimation techniques from the regressions’ models.  All four estimated 
optima are weighted towards the larger side of the sample, putting the optimal size over 
250,000 members.

Table 4
Model 1.1 
(Within)

Model 1.2 
(Within)

Model 2.1 
(GLS)

Model 2.2
(GLS)

Estimated Optima 258,031 294,480 273,897 304,166

Although these results offer evidence that credit unions can achieve economies of scale 
while avoiding agency problems, the fact remains that the average size of credit unions is 
around 50,412 members. Although credit unions may eventually narrow the gap between 
the optimal and average size, the optimal size plot along with the distribution of membership 
(Figure 7 and 8, respectively) suggest that there may be barriers preventing credit unions 
growth. Three hypotheses may explain the gap between the average and the optimal size: 
is no heteroskedasticity. Finally according to a random effects versus fixed effects Hausman test, the signifi-
cant test statistic of 0.000 rejects the null hypothesis of no systematic difference in the coefficient estimates. 
Inefficiencies from multicollinearity are tolerated for two reasons: (1) dropping collinear variables does not 
severely alter coefficients and (2) an attempt to avoid creating specification bias by omitting theoretically 
specified variables.
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(1) geography is a binding constraint on membership expansion, (2) lack of advertising is 
reducing the mobilization of members, and (3) incomplete capital markets or concerns in 
management over loss of credit union culture are hindering consolidation. More research 
is needed to address this important puzzle.

Figure 7

Figure 8

       

7 Conclusion

Although theory suggests that the non-profit mission and member-based ownership 
structure of credit unions works at the expense of efficiency, the results raise the possibility 
that formality and institutional development enable credit unions to achieve economies of 
scale while avoiding the agency problems brought on by membership growth. In spite of 
the fact that the regressions face some data constraints, the results should be interpreted 
seriously and should inform future research into the role of institutions on the optimal size 
of credit unions. The next stage of research should adopt a more experimental approach and 
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should survey credit union performance across different levels of institutional development. 
Such research could disaggregate institutional features along the lines of litigation services, 
costs of formal property rights, ratings of prudential regulatory agencies, level of capital 
market formation, and information technology investment (to account for the utilization of 
hard information). It could also survey credit unions in both informal and formal financial 
sectors. In addition, further research is needed to explain the gap between the average 
size and optimal size of credit unions in Ecuador. This puzzle may be explained by one of 
the three hypotheses explaining the observed gap, like the possibilities that (1) geography 
is a binding constraint on membership expansion, (2) lack of advertising is reducing the 
mobilization of members, or (3) incomplete capital markets or concerns in management 
over loss of credit union culture are hindering consolidation. 

In conclusion, credit unions should be considered in concert with other solutions for 
the problem of insufficient credit access in developing economies for three main reasons. 
First, adopting Ecuador’s institutional features may require less bureaucratic reform than 
de Soto’s innovative solution of increasing bureaucratic efficiency in granting property 
rights. Second, credit unions are able to remain competitive even in developed economies 
without the crutch of subsidization making them an attractive and enduring vehicle for 
pulling large amounts of individuals into the formal sector, which is a quality that donor-
based microfinance lacks. Third, the distinct institutional recipe explaining large and 
efficient credit unions in Ecuador appears to be reproducible, raising the possibility that it 
could be applied (albeit cautiously) to other economies. More importantly, it appears that 
development discourse could benefit from a deeper consideration of credit unions as a 
leading vehicle for expanding credit access since the results suggest that they may be able 
to grow larger than expected, given the appropriate institutional controls.
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1 Introduction

The question of how finance can affect the fortunes of developing countries has been 
a pertinent and much-discussed topic in the academic literature and in popular discourse. 
Over the last several decades, developing countries have undergone significant changes in 
how they structure their financial systems, who has access to them, and how they distribute 
funds. Liberalization and privatization in banking emerged from a period of protectionism 
and financial repression. This has had profound implications for the poor in developing 
countries. They have frequently been the target of government programs and initiatives 
to expand their access to finance. In India, commercial banks were nationalized in the 
1960s, ostensibly to provide better services for the poor (Basu and Srivastava, 2005) by 
prioritizing social goals over profitability. The government mandated subsidized credit to 
priority sectors such as agriculture and to historically disadvantaged segments of society 
(Burgess and Pande, 2005; Dréze, Lanjouw, and Sharma, 1997), and a dedicated network 
of Regional Rural Banks (RRBs) and credit cooperatives were created especially to serve 
rural areas. Results have been mixed, unfortunately; while a massive infrastructure is in 
place to serve those in need, it is estimated that there are still 500 million without access to 
even basic financial services (Mor, 2005).

Recently, India’s rapid economic growth has led to a commensurate increase in financial 
development. The ratio of private credit to GDP, one indicator of financial development, 
nearly doubled between 1998 and 2008. However, as evidenced by the number of people 
without access, the benefits of financial development may be concentrated among the few, 
particularly among those who have political or other influence (Claessens and Perotti 2007) 
and those living in urban areas. While much of the literature has focused on how financial 
development and liberalization may affect economic growth, there is mixed evidence 
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on whether growing and modernizing a country’s financial system spreads this growth 
evenly, helping the poor in rural areas who may not be the beneficiaries of rapid financial 
development in urban centers. There is an extensive body of literature on why rural areas 
are, in fact, susceptible to prohibitively high interest rates due to the monopoly power of 
informal moneylenders who face less information asymmetries than formal lenders (Hoff 
and Stiglitz 1990), widespread corruption in formal financial institutions that serve rural 
areas (Dréze, Lanjouw and Sharma, 1997), and discrimination on the basis of low income 
or lack of collateral (Bose, 1998).

This paper attempts to expand upon the findings of various scholars which suggest that 
financial development can boost economic growth and raise the incomes of the poor in 
developing countries. It does so by looking at one specific channel through which financial 
development can affect growth and poverty, namely credit access and access to financial 
services more broadly. It attempts to ascertain whether financial development, as measured 
by various financial depth indicators, affects the amount of credit issued in rural areas of 
India and whether there is a significant difference between its effect in these areas and 
on urban lending. It will examine time series data from 1972 to 1995 and panel data on 
Regional Rural Banks (RRBs) from 1998 to 2008 as well as all commercial bank lending 
for the same period across Indian states.

I hypothesize that financial development will be a significant and positive explanatory 
variable for the level of credit extended by banks in both rural and urban areas, but that it 
will have a larger effect on urban lending than on rural lending. The remainder of the paper 
will be organized as follows. Section 2 examines the existing literature on the effects of 
financial development on growth and inequality. Section 3 briefly outlines developments in 
rural finance in India. Section 4 presents the data and methodology used. Section 5 presents 
results, Section 6 presents a sensitivity analysis, and Section 7 concludes.

2 Relevant Literature

There is a wide body of literature examining the effect financial development has on 
economic growth and income inequality. On growth, the literature is unanimous in finding 
that greater financial depth leads to faster economic growth.  According to Honohan 
(2004), “The causal link between finance and growth is one of the most striking empirical 
macroeconomic relationships uncovered in the last decade.” Claessens (2005) reviews a 
variety of literature with such findings, whereby finance helps growth by allowing individuals 
and businesses to raise and pool funds, facilitating riskier investments and providing risk 
mitigation, and allocating resources to their most productive uses. Beck, Levine, and 
Loayza (2000) find that a doubling of private credit leads to a two percent increase in the 
annual economic growth rate for a typical less-developed country. Benhabib and Spiegel 
(2000) find that financial development is correlated with total factor productivity growth 
and investment, leading to higher economic growth. Finally, Claessens and Feijen (2007) 
find a positive relationship between financial development and health and education. For 
instance, in Bangladesh, an increase in the private credit to GDP ratio from 17.2% to the 
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world median of 27.2% would decrease undernourishment by 8% from its current level of 
35%, likely through improved agricultural productivity and higher incomes resulting from 
fertilizer, seed, and equipment loans which help increase volume and decrease food prices 
(Claessens and Feijen, 2007). These improvements would all indirectly benefit economic 
growth.

Though financial development may increase growth, it may not uniformly do so across 
all segments of society. The findings on this are mixed. Certain studies seem to suggest 
that financial development helps the poor just as much as, if not more than higher-income 
individuals. In their cross-country study, Beck, Demirgüc-Kunt, and Levine (2007) find 
that financial development induces the incomes of the poorest quintile to grow more rapidly 
than on average, thus reducing income inequality in developing countries. This occurs not 
only through access to greater capital but also through a relaxation of credit constraints 
such as lack of collateral or credit history. 

However, financial development may also exacerbate income inequality if its benefits 
are captured by established, elite interests or if there remain significant financial market 
imperfections. Despite improvements in the formal financial sector, the poor living in 
rural areas may continue to rely on informal lending through village moneylenders and 
family members because a lack of education or understanding makes it difficult for them 
to access formal finance (Demirgüc-Kunt, Beck, and Honohan, 2008). In this scenario, 
financial development may exacerbate income inequality. Informal lenders frequently do 
not require collateral due to a higher familiarity with the borrower as well as more powerful 
enforcement mechanisms for repayment such as social ostracism (Dréze, Lanjouw, and 
Sharma, 1997). This, however, reinforces the monopoly of informal lenders and the 
crowding out of formal lenders. Furthermore, as formal financial institutions enter the 
rural market, a reduction in the interest rate may produce a “composition effect” in which 
borrowers with a higher probability of default enter into the “mix” of potential borrowers, 
leading to higher enforcement costs and subsequently higher overall interest rates from 
both formal and informal sources (Bose, 1998). If the composition effect dominates, the 
proliferation of formal sector financial services may prove regressive in nature.

The above discussion reflects why there may be a rural-urban divide when looking at the 
effect of financial access to credit development. First, the largest incidence and depth of 
poverty is recognized to be in rural areas of developing countries (Gonzalez-Vega, 2003). 
In India, an estimated 73% of those below the poverty line live in rural areas (Basu and 
Srivastava, 2005). In 1995, the World Bank found that in China no less than half of overall 
income inequality can be explained by rural-urban income disparity (Qi, Ran, Mingxing, 
and Yiu Por Chen, 2003). Therefore, an increase in income inequality due to financial 
development would fall disproportionately on rural areas. Indeed, Qi, Ran, Mingxing, and 
Yiu Por Chen (2003) find that financial development enlarged rural-urban inequality from 
1978 to 1998 in China. This was in part due to an urban bias in credit allocation, which 
caused financial development to enlarge rural-urban inequality, an important finding for 
the purposes of my study. Finally, banking products have frequently been tailored to an 
urban context, with high minimum balances and marketing strategies that cater to literate 
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and educated urban dwellers (Claessens and Feijen, 2007). This increases the chance that 
formal finance will be of little use in a rural context.

Overall, the literature seems to find some evidence for a positive effect of financial 
development on equalizing incomes, but this does not rule out the dependence of the rural 
poor upon informal sources of finance even after financial development, since they must 
manage with high interest rates and a lack of diversified services catering to their needs.

There is little literature directly addressing the question of whether financial 
development expands access to credit and finance in rural areas of developing countries. 
As mentioned above, it is recognized that the effects of financial development may not be 
spread homogeneously across income groups. To my knowledge, a study to quantify the 
contribution financial development provides to access through a specific channel, such as 
credit, has not been produced.

3 Developments in India

The government of India began programs to expand rural credit access very early after 
India’s independence. A 1954 All-India Credit Survey Report found that in rural areas of 
India, informal moneylenders were usually the only available source of finance, charging 
average annual interest rates on loans that exceeded 20% (Pande, 2007). This prompted 
the beginning of widespread government intervention in low-income banking. In 1969, all 
commercial banks were nationalized and the largest branch expansion undertaken by any 
country was begun (Burgess and Pande, 2005). Under this program, the number of branches 
in the country tripled by 1979 (Tsai, 2004). In 1975, the first Regional Rural Bank (RRB) 
was started with the goal of mobilizing financial resources in rural and semi-urban areas 
(NABARD, 2008). The Indian government’s rationale was to fulfill a “social banking” 
purpose that commercial banks driven by profitability alone would not consider (Pande, 
2007). RRBs were not allowed to give industrial or corporate loans (Bandopadhyay, 2006), 
theoretically channeling money toward farmers and laborers among the rural poor. 

In 1977, a new regulation was introduced by the Reserve Bank of India (RBI) whereby 
banks could only open new branches in already serviced locations if they opened four new 
branches in unbanked locations first. Burgess and Pande (2005) find that this program, 
which ended in 1990, had an enormous effect on alleviating poverty over this period of 
time. Indeed, they find that the opening of rural bank branches can explain roughly half the 
fall in rural poverty between 1961 and 2000, and the 1977-1990 period was critical in this 
(Burgess, Pande, and Wong, 2005).

One of the major problems was a lack of profitability among the RRBs and rural 
cooperatives. There may be a variety of explanations for this. One explanation that relates 
to this paper is that loans were frequently being given to acquaintances of the staff who ran 
RRBs. Hence, the borrowers felt less pressure to repay the money, and the collectors did not 
have as much incentive to collect. In fact, Dréze, Lanjouw, and Sharma (1997) found in their 
case study of Palanpur, a rural village in northern India, that there may have been positive 
incentives not to collect on loans as a result of creative accounting, whereby rural banks 



ARJUN PANT 285

compounded interest annually to eventually generate a debt burden on customers so large 
that payments would have to continue indefinitely. The authors found that manipulation of 
this nature was a widespread phenomenon among rural banks throughout India, leading to 
general distrust of formal financial institutions among the rural poor. This further reflects 
the idea that financial development may have hindered the uptake of formal credit in rural 
India given that formal institutions were not structured optimally.

Nevertheless, today, RRBs serve rural areas from over 14,000 branches across the 
country (NABARD, 2008), and out of the 133 banks that operate under this umbrella, 111 
are profitable. The Indian government recognized the shortcomings of its rural financial 
infrastructure in the 1990s and 2000s and initiated a series of reforms to push RRBs into 
profitability and to better service existing markets by consolidating the number of banks, 
upgrading information technology, and expanding into more diverse banking activities. 
The banks were also allowed to expand to urban locations, and the government announced 
in 2003 that it wanted a “doubling of agriculture credit” between 2004 and 2007 (Golait, 
2007). As of 2008, RRBs had achieved their share of this objective.

Finally, the Indian government has experimented with supporting microfinance and 
group-based borrowing by creating the SHG (Self-Help Group)-Bank Linkage program 
(Bansal, 2003). This program supports self-organized groups of women in rural villages 
who pool together their savings to deposit a lump sum at a commercial bank and receive 
loans based upon this collateral, disbursing the funds among themselves as they see fit. 
As with other microfinance initiatives such as the Grameen Bank, it is the group social 
dynamic that serves as a credit rating and enforcement mechanism for productive use of 
the money and for repayment (Bansal, 2003). As of 2006, more than 2 million women 
were participating in this program. This mechanism may serve as an alternative to formal 
institutions, RRBs, and government-run cooperatives that suffer from informational 
asymmetries and elite capture. This is, however, just a snapshot of the numerous other 
microfinance and group lending programs operating throughout India today.

Due to the lack of data availability on credit and deposit volume on these newer initiatives, 
we rely on data from RRBs and all commercial banks operating in rural areas to proxy for 
rural sector participation in formal finance and to discern any rural-urban divide, as will be 
discussed in the following section. The RBI does not compile statistics on informal lenders 
or microfinance institutions. Furthermore, most microfinance institutions are relatively 
disconnected from the rest of the financial system in a developing country, as many rely on 
grant funding or government subsidies in place of integration with the commercial banking 
system (Holden and Prokopenko, 2001). A criticism of microfinance is that it must often 
rely on these external infusions of cash to stay solvent because the repayment rate is often 
low (Tsai, 2004). For this reason, we assume that formal financial development is more 
sustainable and important in the long-run.  I believe that the proxy will at least measure any 
changes in access across time that occur both as a result of formal and informal expansion 
in the rural financial system. 
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4 Data and Methodology

Three distinct sets of data on level of rural and urban credit are used.1 The use of multiple 
data sets is primarily to cross-check results in order to determine whether results hold 
across time and across banks. The first examines banking statistics from 1972 to 1995 
at the national level in India for all commercial banks. The second looks specifically at 
the activity of Regional Rural Banks (RRBs) on a quarterly basis from 1998 to 2008 at 
the state level. Finally, the third set is compiled for all commercial banks in India, again 
between 1998 and 2008 and on a quarterly, state-wise basis. All data on credit, deposits, 
and number of branches were obtained from the Reserve Bank of India (RBI). The RBI 
is India’s central bank and aggregates statistics on all aspects of India’s banking system 
as well as on money supply. In all cases, credit and deposits represent the stock of money 
deposited or loaned at any given time. Other data on agricultural output, population, GDP, 
and gross state domestic product (GSDP) were obtained from India’s Central Statistical 
Organisation (CSO), which compiles data on India’s national and state accounts.

There is no universally accepted measure of financial development (Holden and 
Prokopenko, 2001). Measures that look at the efficiency of a financial system, i.e., the level 
of information and transaction costs (Levine, 2004), are difficult to construct and even 
harder to quantify. Most studies have looked at the extent of financial development, using 
the ratio of different monetary aggregates to GDP. One shortcoming of this measure is that 
it may not reflect the amount of money flowing to private actors if a government is heavily 
involved in the economy or controls financial activity. Hence, another important indicator 
is the ratio of credit flowing to the private commercial sector to GDP (Clarke et al., 2006; 
Claessens and Feijen, 2007). Use of this indicator operates under the assumption that credit 
flows to the private sector are more growth-promoting than to government (Holden and 
Prokopenko, 2001).

This study uses three indicators. Firstly, as mentioned above, private credit to GDP 
is used to correct for any government biases that may be present in monetary aggregate 
indicators. We recognize that private credit must be allocated somewhere, either rural 
or urban credit volume. Therefore, it would be expected that it represents a significant 
explanatory variable for level of rural and urban credit because they are merely components 
of overall credit, a somewhat tautological argument. However, the objective is to look at 
differences in coefficients to ascertain an inequality if one exists. Also, there is no certainty 
that the credit to GDP ratio must vary, as both the numerator and denominator may rise 
in proportion, yielding a constant ratio. Therefore, I believe an increasing ratio indicates 
increasing financial development, a widely accepted notion in the literature. To check for 
robustness, monetary indicators are also used. One of the most common in the literature 

1      The classifications “rural” and “urban” are taken using definitions from the 1991 and 2001 Census 
of India, which both define a rural village as one with 10,000 or less inhabitants and an urban area as an 
agglomeration of 100,000 or more. For the purposes of the 1972-1995 dataset, there is also a metropolitan 
classification distinct from urban, which covers population centers of 1 million or more. The Reserve Bank 
uses these same definitions in its statistics.
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is M2/GDP.2 M2 is a good measure of the relatively liquid money and quasi-money assets 
flowing through the economy. A broader, less-liquid aggregate is M3, which is also used 
in the literature as a common measure of financial depth.3 Finally, (M3-M1)/GDP is used 
from 1972 to 1995 as no information was available on M2 during this time period. This is 
also an acceptable indicator (Guillaumont, Jeanneney, and Kpodar, 2008).

The financial development indicators are constructed from data provided by RBI. The 
necessary information has been regularly released in the RBI Bulletin, published monthly 
since 1998. For the 1972-1995 dataset, information was found from the Handbook of 
Monetary Statistics of India, which provides annual money supply data from 1951. Annual 
statistics on private credit to GDP from 1972 to 1995 are taken from Beck, Demirgüc-Kunt, 
and Levine (2000).

RBI created its own version of the M2 and M3 monetary aggregates beginning in 
October 1999 in accordance with best international practices. The new M2, called “NM2”, 
comprises all traditional items in M2 such as currency and deposits as well as short-term 
time deposits. The new M3, “NM3”, consists of NM2 plus long-term time deposits and 
a small amount of borrowings from non-bank sources.4 These new aggregates are used 
in this study, as RBI omitted calculation of traditional M2 beginning in 1999, though it 
still releases figures for traditional M3. Both the aggregates and GDP are taken at current 
prices. While other studies have corrected for inflation using a consumer price index to 
deflate the monetary aggregates and a GDP implicit deflator to deflate GDP (Bittencourt, 
2006), I assume that both indices would be nearly identical, hence yielding similar results 
when ratios are calculated.5 To be consistent, we take all other figures at current prices as 
well. Each financial development indicator (FD) statistic is calculated using the following 
model:

FDt = (aggregatet /GDPt),

where t is the year between 1972 and 1995 in the first set of regressions or the quarter in 
the second and third sets. 

Nearly all have increased substantially over both the 1972-1995 timeframe and in the 
shorter 1998-2008 period, indicating that there has been significant financial development 
in India in the last four decades as measured by these indicators.

The rest of this section will describe the data obtained on credit, deposits, and offices as 
well as control variables for each of the three datasets. It will also explain the model and 
methodology for each set of regressions.

2      See for example Li, Squire, and Zou (1998).
3      See for example Bittencourt (2006).
4      The Reserve Bank partitioned the maturity structure of time deposits at one year of contractual ma-
turity. Therefore, short-term deposits include all maturities up to and including one year. Information on the 
structure of the new aggregates is taken from “New Monetary Aggregates: An Introduction” released by RBI 
in June 1998.
5      There is evidence that consumer price indices and GDP deflators move together. See for example 
Rotemberg (1982).
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4.1  1972-1995
Data were obtained using RBI’s Banking Statistics 1972-1995 publication, which has 

annual statistics on a variety of dimensions. It divides the commercial banking system into 
rural, semi-urban, urban, and metropolitan areas, publishing statistics on credits, deposits, 
and number of offices. The model used in this set of regressions is as follows:

ln(yt) = β0 + β1 ln(FDt) + β2 ln(depositst) + β3 ln(GDPt) + β41977-1990dummy + β5Xt +et,

where the dependent variable is the amount of credit issued by commercial banks in rural, 
urban, or metropolitan areas, FDt is the financial development indicator, depositst is the 
amount of deposits in the specific population area, and Xt is a vector of other control 
variables that may affect the dependent variable, such as agricultural output for the rural 
credit regression and population for both. A dummy variable for the years 1977 to 1990 is 
also included as per Burgess and Pande (2005). Finally, et  is the error term. Natural logs 
are taken to find elasticities. The model is estimated using OLS. Table 1 presents summary 
statistics.

We also estimate the following model to see if the ratio of rural to urban deposits is 
affected by financial development, as a more direct way of estimating any unequal effect:6

ln(yt) = β0 + β1 ln(FDt) + β2 ln(ratiodepositst) + β3 ln(GDPt) + β5Xt +et,

where the dependent variable is the ratio of rural to urban credit in year t, FD is either the 
credit to GDP ratio or M2 in aggregate (not a ratio to GDP), ratiodeposits is the ratio of 
rural to urban deposits, GDPy is in year t, Xt is a vector of other controls, and et is the error 
term.

4.2 Regional Rural Banks (RRBs) and All Commercial Banks from 1998 to 2008
Data were obtained on credit, deposits, and number of offices from the quarterly Banking 

Statistics handout of RBI. The number of Indian states increased in 2000 when three new 
states, Uttarakhand, Jharkhand, and Chhattisgarh were carved out of Uttar Pradesh, Bihar, 
and Madhya Pradesh respectively. To remain consistent, we add the new states’ figures 
back into the old states to smooth changes and prevent a structural break in three of the 
panels. NM2 and NM3 figures are taken in the middle of each quarter, and GSDP figures 
are available on an annual basis but repeated through each quarter of the year to allow 
for more observations. Agricultural output is also taken at the state level every year and 
repeated for the appropriate quarters. The significance of financial development on rural 
credit for RRBs and all commercial banks is estimated using both pooled OLS and fixed 
effects methods. The pooled OLS model is as follows:

ln(yt) = β0 + β1 ln(FDt) + β2 ln(depositst) + β3 ln(GSDPt) +  β4regional dummies + 
β52004-2007dummy + β6Xt  +et

6       This method is per the recommendation of Professor Raj Desai at Georgetown University.
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where the dependent variable is the amount of rural or urban credit, FDt is once again the 
measure of financial development, depositst corresponds to the relevant population group, 
GSDPt is each individual state’s contribution to GDP, and Xt  is a vector of control variables 
that could affect credit volume. We include regional dummies to discern any difference 
among the various regional groupings of states in India. We expect a particularly evident 
effect for the southern dummy, as south India has historically been a major focus of rural 
finance programs, and uptake has been particularly high (Golait, 2007), potentially due to 
high literacy and education standards in Kerala.7 Honohan (2004) also recommends the use 
of regional dummies to control for politico-institutional characteristics that may bias the 
results. Finally, we include a dummy for the years 2004 through 2007, as the government of 
India announced its intention to double agricultural credit during these years, as mentioned 
earlier. Hence, we expect a particularly significant effect of this dummy on rural credit.

We replicate the rural-urban credit ratio model from the 1972-1995 data set and use 
pooled OLS to estimate the effect of financial development as measured by the credit to 
GDP ratio and by the level of private credit (which was not available from 1972 to 1995):

ln(yt) = β0 + β1 ln(FDt) + β2 ln(ratiodepositst) + β3 ln(GSDPt) + β4Xt +et

As is evident, the only difference between the two models is the replacement of GDP 
with GSDP. 

To control for state-specific unobserved factors, I estimate a fixed effects regression 
using the following model:

  
ln(yit) = ai + β1ln(FDt) + β2ln(depositsit) + β3ln(GSDPit) + β4Xit + β52004-2007dummy 

+ eit

where ai is the time-invariant constant for each panel, FDt  is the time-variant but panel-
invariant measure of national financial development, depositsit measures deposits in panel 
i at time t according to population group, GSDPit measures state product for each state i 
at time t, Xit is a vector of controls, and eit is the error term across time and panels. We 
include, once again, a time dummy for 2004-2007 to capture the effect of the “doubling of 
agricultural credit” proclamation. There are drawbacks to both the OLS and fixed effects 
methods in the context of this topic. Pooled OLS will always disregard heterogeneous 
unobserved characteristics among panels unless dummy variables are included for each 
individual group, but it “smoothes out” any measurement error as it finds an average 
effect across panels (Kennedy, 2003). We include regional dummies to partially correct 
for the unobserved characteristics. Fixed effects estimation will solve this problem, but 
it eliminates any explanatory variables that are time invariant (Kennedy, 2003). Hence, 
we cannot estimate the effect of regional dummies in this specification, a major drawback 
considering it is expected that there are large differences across regions. WeS therefore use 
both in the hope that they will each confirm each other’s results.
7      Kerala had an adult literacy rate of 90% in 2001, reaching as high as 95% in one district, according 
to the 2001 Census of India.
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5 Empirical Results

5.1  1972-1995
The results of the OLS regression on time-series data from 1972 to 1995 are presented 

in Table 2. First, we run the regression of rural credit on private credit to GDP. As 
expected, the result is a positive and statistically significant coefficient on the financial 
development indicator, indicating that financial development was a strong predictor of 
rural credit volume. We omit certain controls from my specification, such as number of 
offices, as there is significant multicollinearity between the various controls, as evidenced 
by Variation Inflation Factors (VIFs) reaching the thousands on many variables included 
in the specification.8

As our theory is that financial development would have a greater impact upon urban 
areas, we run a separate regression for urban credit.  We again find a statistically significant 
effect of private credit to GDP on total urban credit. Surprisingly, however, the coefficient 
is much lower than the one found in the rural regression. This is unexpected given the 
assumption we made throughout the paper that the rural-urban divide would favor urban 
areas in access to finance. When we add total credit issued as a control variable, the results 
for rural credit remain significant but the coefficient on financial development for the urban 
regression becomes insignificant. Still, the coefficient is much higher for the rural credit 
regression than for urban. The coefficients become insignificant when we use other FD 
indicators to check for robustness.

Some of the variables seem to be non-stationary as the presence of a unit root could not 
be rejected in augmented Dickey-Fuller tests on the natural log of urban credit and GDP, 
among other variables.9 Therefore, we re-run all of the regressions using first differences. 
The results are presented in Table 3. We find that the private credit to GDP ratio remains a 
statistically significant explanatory variable, and multicollinearity has also been resolved, 
as evidenced by Variance Inflation Factors all below 10. Again we find that the coefficient 
is higher for rural credit volume than for urban credit, signifying that rural areas are larger 
beneficiaries of financial development as measured by credit growth than are urban areas, 
contradicting my hypothesis. Unlike the results of Burgess and Pande (2005), we cannot 
find a statistically significant effect on credit volume of the dummy for years 1977 through 
1990, when India implemented its branch expansion program in rural areas. 

Finally, the regression results for the rural-urban credit ratio on the private credit to GDP 
ratio and control variables yield a positive and statistically significant coefficient on the 
financial development indicator that is close to one, signifying that financial development 
has equally aided rural and urban areas in terms of increase in credit. This tempers the 
above finding that financial development accelerated rural credit growth more than urban 
credit growth. When we use first differences to correct for non-stationarity, the coefficient 
drops to 0.43, indicating financial development actually benefits urban credit more, as I had 
8      A Variance Inflation Factor (VIF) of 10 or above is considered evidence of severe multicollinearity 
(Kennedy, 2003).
9     I thank Juan Ignacio Elorrieta Maira at the University of Chile, my discussant for the Carroll Round 
2009 at Georgetown University, to alert me to the potential problem of non-stationary variables in my data.
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hypothesized.
Overall, the primary indicator of financial development, private credit to GDP, 

appears to be a significant determinant of rural and urban credit between 1972 and 1995. 
Surprisingly, it has had more of a positive effect on rural credit volume than on urban 
volume. However, this conclusion must be qualified by the fact that it is not robust to all 
the various specifications we employ, though it is robust to using first differences to correct 
for non-stationarity.

5.2  Regional Rural Banks from 1998 to 2008
Pooled OLS results for these regressions are presented in Table 4, and fixed effects 

results are in Table 5. The regressions on Regional Rural Bank data yield similar results to 
those found at the national level in the previous data set. The larger number of observations 
(more than 700 versus only 24 in the previous data) and the panel nature of the data generate 
more robust findings. 

Once again, there is a statistically significant coefficient on private credit to GDP in both 
rural and urban regressions. This time, however, the effect is larger in urban areas than in 
rural. When adding the 2004-2007 dummy, private credit to GDP becomes insignificant 
but the dummy is very significant, contributing more than 18% more to rural credit than in 
other years. We then add regional dummies and find an extremely positive and significant 
effect of the southern dummy, as expected, though financial development loses significance 
once again. The southern effect is true on both rural and urban credit. The northern dummy 
is highly significant and negative, potentially reflective of the relative lack of trust of formal 
financial institutions in the north that Dréze, Lanjouw, and Sharma (1997) uncovered in 
their case study of Palanpur, Uttar Pradesh. The western dummy is also significant and 
negative, which is a surprising finding given that the largest western states, Gujarat and 
Maharashtra, are among the most prosperous in India today, both in rural and urban areas. 
This may be an artifact of Regional Rural Banks rather than the banking system in general, 
however, which will be looked at in the following dataset. The results are robust to other 
indicators of financial development.

We now turn to the fixed effects regressions. In general, the findings become less robust. 
Private credit to GDP remains significant for the urban credit regression but not for rural 
credit, using minimal controls. The coefficient remains higher for urban than rural credit, 
however. Financial development loses significance when total credit is added as a control, 
and it fails to pass robustness tests. The former result may again be due to multicollinearity 
between total credit and urban credit, as indicated by a correlation of 0.9271. Using M2 and 
M3 for rural credit, however, the coefficient on financial development becomes significant 
and negative, a surprising finding, indicating that financial development could actually 
harm volume of rural credit, which is theoretically possible if Bose’s “composition effect” 
or elite capture of new credit access holds true. The 2004-2007 dummy remains positive 
and significant throughout all specifications, suggesting that the government’s goal of 
doubling agricultural credit had at least some impact on lending by Regional Rural Banks.

Next, we run pooled OLS regressions using the rural to urban credit ratio as the dependent 
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variable. We find similar surprising results in that the coefficient on financial development 
becomes negative and significant. This is robust to using both the private credit to GDP 
ratio and private credit in aggregate. This is hard to interpret as it is impossible to say 
whether financial development is lowering rural or urban credit since they are used as a 
ratio. Hence, the results are inconclusive when using this as the dependent variable. 

5.3 All Commercial Banks from 1998 to 2008
Pooled OLS results are presented in Table 6. Once again, there is a positive and 

statistically significant coefficient on private credit to GDP in both the rural and urban 
regressions using data from all commercial banks in India. However, the coefficient in the 
rural regression is larger than in the urban one, confirming the results of the 1972-1995 
dataset that financial development may, in fact, help rural areas more than cities. A one 
percent increase in financial development is expected to increase urban credit volume by 
0.31 percent and rural volume by 0.55 percent, nearly twice the effect of urban areas. When 
total credit is added into the specification, the results become less robust, but this may due 
to multicollinearity with VIFs of 25 and 29 on the natural logs of GSDP and agricultural 
output.

The findings remain robust to alternative measures of financial development, though 
the magnitude of the effect is somewhat tempered. When total credit is also added, the 
financial development indicator becomes negative, robust to all three measures in the 
rural regression, another surprising finding. The northern dummy becomes positive and 
highly significant, suggesting that bias against the northern region may be unique to RRBs. 
However, the western dummy is again negative and significant, confirming that Gujarat 
and Maharashtra lag behind in providing rural credit despite their status as two of India’s 
wealthiest states. Fixed effects results are consistent with RRB fixed effects findings and 
hence are not presented. 

Finally, when regressing the rural to urban credit ratio on private credit to GDP using both 
OLS and fixed effects, we find a statistically significant coefficient under one, indicating 
financial development spurs urban credit growth more than rural when the dependent 
variable is this ratio. Using aggregates such as M2 and total private credit as the financial 
development indicator yields insignificant results.

5.4 Interpretation
The above results have shown that there is mixed evidence for a positive effect of financial 

development on rural and urban credit. While we found a positive and significant effect 
of financial development on both rural and urban credit in multiple specifications, we also 
found a negative effect on rural credit access in a number of others. The results are equally 
mixed in proving that urban credit is more strongly influenced by financial development 
than rural credit. The long-term data from 1972-1995 shows that there was a positive effect 
of financial development on both rural and urban credit when controlling for a number of 
factors, but it boosted rural credit more than urban credit by a wide margin. This may attest 
to the success of the bank branch expansion program the Indian government initiated, which 
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limited banks from opening a new branch in urban areas unless they started servicing four 
new rural locations first, though a dummy to test these years yields insignificant results. 
Regressions on RRB data confirm both hypotheses using the pooled OLS method, but 
results are inconclusive using fixed effects, and the same can be said when considering data 
for all commercial banks in India over the same time period. The data on all banks does, 
however, confirm the results of the first dataset in that financial development may have 
boosted rural credit volume more than urban credit volume. Nevertheless, it also shows 
a negative and statistically significant relationship between financial development and 
credit volume using fixed effects. While this is probably attributable to misspecification 
or multicollinearity, it does the raise the interesting but rather distressing possibility that 
financial development harms rural credit access, which would have important policy 
implications on how India should structure its financial development. Overall, more work 
will need to be done to adequately control for unobserved factors, especially at the state 
level, and our specifications may need to be modified in order to remove any biases or 
errors currently present.

6 Sensitivity Analysis

There are a variety of issues this paper has not attempted to adress that may be 
pertinent in discussing the effect of financial development on access to finance in rural 
areas. Firstly, we have not attempted to control for breadth of credit, meaning how wide-
reaching credit volume is in rural areas. This would require household survey data on 
whether individual households have taken out loans and in what amount (Demirgüc-Kunt, 
Beck, and Honohan,2008). As already mentioned, rural credit may be captured by the 
better-off segments who can afford to make use of formal financial services or who have 
the connections to siphon away these funds from their targeted audience. The data I am 
using only concerns itself with these formal financial institutions, which still acts as a 
proxy for the changes in access over time. Even so, credit is only one of the services 
that these institutions can provide, and the rural poor may find it more important to have 
deposit facilities where they can safely store their money in fungible form (Holden and 
Prokopenko, 2001). In the absence of these facilities, the rural poor must hold their assets 
in cash or in kind, which raises the possibility of theft or loss (e.g., if livestock is stolen 
or dies). An interesting question might be to ask whether deposits increase along with 
financial development when controlling for other economic factors.

Financial literacy may also be an important omitted variable that explains changes, 
especially in rural credit volume. There is, however, no standardized way of measuring 
this, and financial literacy assistance programs in India are heterogeneous across states, 
with multiple NGOs undertaking their own projects; examples include SEWA Bank, the 
ICICI Foundation, and the Reserve Bank of India itself. Financial literacy rates have also 
been shown to be highly correlated with math test scores, suggesting that it comes with an 
innate or acquired ability to solve problems in general (Cole and Fernando, 2008).

Finally, the assumption that the spread of formal financial institutions, as measured by 
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financial development, is the best solution for giving the rural poor access to financial 
services may be challenged with recent developments in microfinance programs, especially 
formal-informal linkages such as the SHG Bank linkage program mentioned previously. 
Many of these programs, though, do not provide other services apart from credit access. At 
the least, they may be able to work in the interim before imperfections in formal access are 
fully addressed (Basu and Srivastava, 2005). 

These imperfections might only be addressed through further institution building around 
rural finance. One significant impediment to further efficiency in formal rural finance 
has been the lack of reliable and systematic credit rating (World Development Report, 
1998). Therefore, institution building might be a more important indicator of financial 
development. However, development has the drawback of little intertemporal variation 
during a short time-span.

Finally, there is also evidence that the rural-urban divide is less of a problem than 
originally imagined, especially when comparing India to other developing countries such 
as China. During the past decade, the Indian rural economy is estimated to have grown at 
an average rate of 7.3 percent compared to 5.4 percent in urban areas (Wharton School, 
2007), accounting for 49 percent of India’s GDP in 2000, up from 41 percent in 1981-82. In 
that case, it does not appear as though lack of access to financial services has posed a major 
problem. In fact, higher coefficients on financial development when regressing rural credit 
volume may reflect faster-growing demand for credit in rural areas given their growth spurt 
in recent times. On the other hand, it is possible that the rural economy could have grown 
even faster had financial market frictions been solved.

7 Conclusion

This paper has addressed the question of whether financial development is a significant 
determinant of credit volume in rural and urban India, and whether it increases credit access 
in rural areas at the same rate as it does in the urban economy. Financial development has 
proven to be a strong force for economic growth and reducing income inequality, though 
there is the potential for increased inequality if greater financial resources only accrue to the 
rich and the well-connected. For this reason, we attempt to look at one particular channel 
through which finance may affect inequality: the access to credit. The results show that 
financial development does appear to be a determinant of credit access both in rural and 
urban areas under certain conditions, though this largely depends upon the indicator used. 
Surprisingly, it is not a consistent finding that urban areas are more positively affected by 
financial development than rural areas. It may, in fact, be to the contrary. One explanation 
for this may be that Indian government policies have successfully favored the expansion of 
rural financial services. Another explanation may be that rural areas have been “catching 
up” in access to finance, hence experiencing a strong growth in credit volume from a 
minimal base immediately after India’s independence. 

The policy implications are that the Indian government must tread carefully as it 
continues to liberalize and privatize the financial system. While financial development does 
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seem to expand credit volume in rural areas, possibly even more so than in urban India, 
it is also possible it is being captured by elite interests in both areas, a topic not discussed 
in depth in this study. We found some support for the notion that financial development 
may actually hinder credit access, and the theoretical underpinnings of this have also been 
discussed. This may point to the growing importance of utilizing the strengths of informal 
group mechanisms to perform credit rating and monitoring services combined with the 
resources of formal banks to create holistic solutions that bypass elites with connections 
and overcome the informational asymmetry that has plagued formal finance in rural areas 
not only in India but throughout the developing world.

There have been a number of issues omitted in this study, however. This includes using 
better proxies for financial development, controlling for environmental factors such as 
institutions and level of financial literacy, and whether formal financial development is 
the best solution to lack of access. India is currently undergoing vast experimentation in 
different rural finance mechanisms, and this may yield more decisive conclusions on how 
financial services may be most effectively expanded for rural areas in the coming years.
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Appendix

Table 2: Effect of Financial Development on Rural and Urban Credit Volume, 1972-1995
Dependent 
Variable

Rural credit 
(natural log)

Urban credit 
(natural log)

Rural credit 
(natural log)

Urban credit 
(natural log)

Rural credit 
(natural log)

Urban credit 
(natural log)

Metro credit 
(natural log)

Estimation 
Method OLS OLS OLS OLS OLS OLS OLS

Column 1 2 3 4 5 6 7

Observations 24 24 24 24 24 24 24

Financial 
development

Private credit/
GDP (natural 
log) 

1.0638** 
(2.50)

0.7789*** 
(3.32)

0.5891 
(1.67)

M3/GDP 
(natural log)

-1.4526* 
(-1.84)

-1.0731*
 (-1.74)

(M3-M1)/GDP 
(natural log)

-0.8130** 
(-2.48)

0.0954 
(0.41)

Controls
GDP (natural 
log) 1.0333

(0.99)
0.4352 
(1.00)

-1.2446 
(-0.81)

-1.4793***
 (-2.94)

-1.0619 
(-0.84)

-0.5705 
(-1.03)

0.9480 
(1.66)

Rural Deposits 
(natural log)

1.1175*** 
(3.94)

1.4726*** 
(6.17)

1.8494*** 
(7.52)

Urban Deposits 
(natural log)

-.0.1452 
(-0.45)

0.2548 
(0.64)

-0.0275 
(-0.07)

Metro Deposits 
(natural log)

1.0854*** 
(3.47)

Agricultural 
output 
(natural log)

-0.0919 
(-0.14)

-0.1842 
(-0.26)

-0.2851
(-0.44)

Population 
(natural log)

-7.8250 
(-1.47)

4.7530 
(1.09)

6.4208 
(0.73)

15.7076*** 
(3.15)

2.2757 
(0.36)

10.5779 
(1.89)

-7.9135 
(-1.55)

Total credit 
(natural log)

Constant 39.9743 
(1.50)

-25.0283 
(-1.14)

-31.0359 
(-0.69)

-79.7504*** 
(-3.14)

-8.0401 
(-0.26)

-53.2799 
(-1.88)

40.3462 
(1.56)

R2 0.9984 0.9984 0.9982 0.9978 0.9984 0.9975 0.9968

***, **, and * denote significance at the 1%, 5%, and 10% levels respectively. T-statistics 
are in parentheses.
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Table 3: Effect of Financial Development on Rural and Urban Credit Volume, 1972-1995
Dependent 
Variable

Rural credit 
(natural log)

Urban credit 
(natural log)

Rural credit 
(natural log)

Urban credit 
(natural log)

Rural credit 
(natural log)

Urban credit 
(natural log)

Rural-urban 
credit ratio

Estimation Method OLS-FD OLS-FD OLS-FD OLS-FD OLS-FD OLS-FD OLS

Column 1 2 3 4 5 6 7

Observations 23 23 23 23 23 23 24

Financial 
development

Private credit/GDP 
(natural log) 

.8592** 
(2.18)

0.7423** 
(2.23)

0.9899** 
(2.35)

M3/GDP (natural 
log)

0.5479
(0.60)

0.1709 
(0.22)

(M3-M1)/GDP 
(natural log)

0.0091 
(0.03)

0.0121 
(0.04)

Controls
GDP (natural log) 1.9490** 

(2.15)
0.7199 
(1.57)

0.2982 
(0.36)

1.6076 
(1.25)

-0.7803 
(-0.77)

Rural Deposits 
(natural log)

1.1092*** 
(4.28)

1.2683*** 
(4.53)

1.3053*** 
(4.19)

Urban Deposits 
(natural log)

0.2572 
(0.59)

0.3751 
(0.70)

0.4184 
(0.80)

Rural-urban 
deposit ratio 
(natural log)

0.4414 
(1.62)

Agricultural output 
(natural log)

-0.7368 
(-1.63)

-1.0641* 
(-1.95)

-0.9336 
(-1.78)

0.7689 
(1.19)

Population 
(natural log)

8.5778 
(0.83)

8.9976 
(1.04)

14.4967 
(1.19)

13.0572 
(1.33)

12.2152 
(1.03)

12.6513 
(1.31)

1.4809 
(0.34)

Constant -0.3993 
(-1.57)

-0.1949 
(-0.94)

-0.5733 
(-1.52)

-0.2326 
(-0.89)

-0.4292 
(-1.36)

-0.2088 
(-0.88)

-7.6367 
(-0.35)

R2 0.7217 0.3403 0.6513 0.1603 0.6439 0.1582 0.9791

***, **, and * denote significance at the 1%, 5%, and 10% levels respectively. T-statistics 
are in parentheses.
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Table 4: Effect of Financial Development on Regional Rural Bank (RRB) Rural and Urban 
Lending, 1998-2008

Dependent 
Variable

Urban credit 
(natural 

log)

Rural credit 
(natural 

log)

Urban 
credit 

(natural 
log)

Rural credit 
(natural 

log)

Urban credit 
(natural 

log)

Rural credit 
(natural 

log)

Urban 
credit 

(natural 
log)

Rural credit 
(natural 

log)

Estimation 
Method OLS OLS OLS OLS OLS OLS OLS OLS

Column 1 2 3 4 5 6 7 8

Observations 692 616 692 616 692 764 692 616

Financial 
development

Private 
credit/GDP 
(natural log) 

.81074*** 
(8.32)

. .6081*** 
(5.02)

0.5406*** 
(3.82)

0.0675 
(1.25)

M2/GDP 
(natural log)

.9222*** 
(5.80)

.5736*** 
(3.43)

M3/GDP 
(natural log)

.9301*** 
(6.65)

.5875*** 
(3.93)

Controls

GSDP 
(natural log)

.1308*** 
(8.74)

.1512** 
(2.32)

.1215*** 
(7.97)

.1973*** 
(3.05)

.1240*** 
(8.18)

.1824*** 
(2.81)

0.1237 
(1.57)

-0.1673*** 
(-5.74)

GDP (natural 
log)

Rural 
Deposits 
(natural log)

.6615***
 (31.75)

.6732*** 
(32.32)

.6690*** 
(32.03)

0.0075 
(0.24)

0.3143*** 
(27.65)

Urban 
Deposits 
(natural log)

.8429*** 
(44.84)

.8690*** 
(46.46)

.8618*** 
(46.08)

Agricultural 
output 
(natural log)

.2070***
 (2.89)

.1534** 
(2.16)

.1710** 
(2.39)

-0.3509*** 
(-4.23)

0.2013*** 
(6.43)

Total credit 
(natural log)

0.9070*** 
(25.57)

0.6816*** 
(50.94)

Constant -2.5705*** 
(-14.02)

-3.9346***
 (-19.23)

-2.6993*** 
(-13.50)

-4.0523*** 
(-18.81)

-3.1740*** 
(-13.79)

-4.3384*** 
(-17.91)

0.7879*** 
(2.65)

-0.6866*** 
(-6.26)

R2 0.9084 0.9439 0.9039 0.9426 0.9053 0.9430 0.8799 0.9893

***, **, and * denote significance at the 1%, 5%, and 10% levels respectively. T-statistics 
are in parentheses.
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Table 5: Effect of Financial Development on Regional Rural Bank (RRB) Rural and Urban 
Lending, 1998-2008

Dependent 
Variable

Urban credit 
(natural log)

Rural 
credit 

(natural 
log)

Urban credit 
(natural 

log)

Rural credit 
(natural 

log)

Urban 
credit 

(natural 
log)

Rural 
credit 

(natural 
log)

Urban 
credit 

(natural 
log)

Rural credit 
(natural 

log)

Estimation 
Method

Fixed 
Effects

Fixed 
Effects

Fixed 
Effects

Fixed 
Effects

Fixed 
Effects

Fixed 
Effects

Fixed 
Effects

Fixed 
Effects

Column 1 2 3 4 5 6 7 8

Observations 692 616 692 616 692 616 692 616

Financial 
development

Private credit/
GDP (natural 
log) 

0.2911*** 
(2.85)

0.0210 
(0.26)

0.0290
(0.37)

0.0008 
(0.03)

M2/GDP 
(natural log)

0.0586 
(0.58)

-0.2603*** 
(-3.00)

M3/GDP 
(natural log)

0.1433 
(1.48)

-0.2500*** 
(-2.90)

Controls

GSDP (natural 
log)

0.9138*** 
(10.65)

0.5580*** 
(5.85)

1.0539*** 
(14.49)

0.6704*** 
(7.76)

1.0206*** 
(13.73)

0.6758*** 
(7.71)

-0.1557* 
(-1.91)

-0.2653*** 
(-6.70)

GDP (natural 
log)

Rural Deposits 
(natural log)

0.8906*** 
(19.83)

0.9019*** 
(20.28)

0.9102*** 
(20.31)

-0.0268 
(-1.14)

Urban Deposits 
(natural log)

0.5944*** 
(18.32)

0.5998*** 
(18.33)

0.6010*** 
(18.42)

0.5058*** 
(20.19)

Agricultural 
output 
(natural log)

-0.1819*** 
(-3.00)

-0.2008*** 
(-3.38)

-0.2025*** 
(-3.40)

0.0542** 
(2.28)

Total credit 
(natural log)

0.7368*** 
(21.99)

1.0682*** 
(57.86)

Constant -13.3779*** 
(-11.03)

-6.0894*** 
(-5.85)

-15.505*** 
(-15.80)

-7.4893*** 
(-8.24)

-15.106*** 
(-15.30)

-7.4821*** 
(-8.18)

-0.8453 
(-0.78)

2.6914*** 
(6.25)

R2 0.7719 0.9406 0.7499 0.9392 0.7551 0.9390 0.9196 0.9517

***, **, and * denote significance at the 1%, 5%, and 10% levels respectively. T-statistics 
are in parentheses. Overall R2 is reported for fixed effects.
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Table 6: Effect of Financial Development on All Scheduled Commercial Bank Rural and 
Urban Lending, 1998-2008

Dependent 
Variable

Urban 
credit 

(natural 
log)

Rural credit 
(natural 

log)

Urban 
credit 

(natural 
log)

Rural credit 
(natural 

log)

Urban 
credit 

(natural 
log)

Rural 
credit 

(natural 
log)

Urban credit 
(natural log)

Rural credit 
(natural log)

Estimation 
Method OLS OLS OLS OLS OLS OLS OLS OLS

Column 1 2 3 4 5 6 7 8

Observations 639 648 639 648 639 648 639 648

Financial 
development

Private credit/
GDP (natural 
log) 

0.3119*** 
(3.68)

0.5458*** 
(5.91)

-0.1683 
(-0.92)

-0.3325* 
(-1.84)

M2/GDP 
(natural log)

0.2537* 
(1.88)

0.4544*** 
(3.52)

M3/GDP 
(natural log)

0.2710** 
(2.27)

0.4722*** 
(4.10)

Controls

GSDP 
(natural log)

-0.0821** 
(-2.01)

0.4574*** 
(10.59)

-0.1003** 
(-2.51)

0.4817*** 
(11.02)

-0.0965** 
(-2.41)

0.4752*** 
(10.89)

-0.0636 
(-1.58)

0.4345*** 
(10.25)

GDP (natural 
log)

Rural 
Deposits 
(natural log)

0.5336*** 
(31.58)

0.5359*** 
(31.19)

0.5350*** 
(31.24)

0.5291*** 
(32.02)

Urban 
Deposits 
(natural log)

1.2508*** 
(37.48)

1.2688*** 
(38.28)

1.2651*** 
(38.07)

1.2337*** 
(36.64)

Agricultural 
output 
(natural log)

0.1135*** 
(2.97)

0.0899** 
(2.32)

0.0963** 
(2.49)

0.1375*** 
(3.66)

Total credit 
(natural log)

0.1959*** 
(2.97)

0.4476*** 
(5.63)

Constant -2.3455*** 
(-15.03)

-3.2262*** 
(-27.19)

-2.3231*** 
(-13.89)

-3.3253*** 
(-26.09)

-2.4737*** 
(-12.61)

-3.5518*** 
(-23.57)

-4.8991*** 
(-5.60)

-8.9603 
(-8.74)

R2 0.9751 0.9688 0.9747 0.9677 0.9748 0.9679 0.9755 0.9703

***, **, and * denote significance at the 1%, 5%, and 10% levels respectively. T-statistics 
are in parentheses.
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1 Introduction

There are two presumptions about the relationship between democracy and economic 
development that were long believed to be consistent with empirical evidence.  The first 
states that high levels of income are conducive to democracy—the so called modernization 
hypothesis, first put forward by Lipset (1959).  The second holds that there is a potential 
economic cost to democracy in the form of a slowdown in economic growth after 
democratization. 

There seems to be no well-developed theoretical model supporting the modernization 
hypothesis (Barro 1996)1.  Several causal channels from increases in living standards to 
the creation and consolidation of democracy have been suggested, including higher levels 
of education, urbanization, an enlarged middle class, and stronger private organizations 
and institutions (Barro 33-34).  However, there may be no need for theoretical foundations 
1      The situation does not seem to have changed since Barro (1996). In one of the most recent contribu-      The situation does not seem to have changed since Barro (1996). In one of the most recent contribu-
tions to the debate, Acemoglu et al. (2007) make no reference to any new developments in the theory underly-
ing the modernization hypothesis. 

This paper explores the link between growth performance and political openness. 
Rather than analyzing the cross-country variation in long-term average growth rates, I take 
advantage of the information contained in turning points of growth performance.  Using 
a sample of 83 growth accelerations identified by Ricardo Hausmann, Lant Pritchett, and 
Dani Rodrik (2005), I find that the more autocratic a country is, the less is its ability to 
sustain a period of growth acceleration. However, the relationship does not hold for East 
Asian countries, consistent with the perception that those countries managed to achieve 
rapid and sustained ‘miracle growth’ under authoritarian regimes.  The correlation between 
democracy and post-acceleration growth is positive but not statistically significant. 

ABSTRACT
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if improved data and econometric methods reveal weaknesses in the empirical evidence 
thought to support the modernization hypothesis.  Acemoglu et al. (2007) find that the 
inclusion of omitted variables, such as fixed country effects, removes the correlation 
between income and democracy.  They interpret their findings as evidence in favor of the 
critical-junctures hypothesis which holds that “events during critical historical junctures 
can lead to divergent political-economic development paths, some leading to prosperity 
and democracy, others to relative poverty and non-democracy.”  

Does the second claim concerning the potential growth-retarding effect of democracy 
have equally weak theoretical foundations and empirical support?  Barro (1996) argues 
that expanding economic freedoms such as free markets and small governments promotes 
economic growth.  However there could be a “growth-retarding” effect of high degrees of 
political freedom due to corresponding increases in re-distribution and influence of private 
interest groups that may lead to inefficiencies.  Autocracies on the other hand are potentially 
successful in promoting growth since they may still allow for economic freedoms and 
commit to economic development.  However, autocratic rule may have adverse effects if 
rulers “steal the nation’s wealth and make non-productive investments.”  Providing checks 
against this sort of ill behavior is an advantageous trait of democracy.  In addition, Barro 
expects democracies to implement at least some growth-promoting policies, namely those 
which are popular.  Barro concludes that the effects of both democracy and autocracy on 
growth are theoretically inconclusive.  

In estimating the effect of democracy on growth, Barro allows for a non-linear 
relationship2 and finds that “growth is increasing in democracy at low levels of democracy, 
but the relationship turns negative once a moderate amount of political freedom has been 
attained.”  The turning point is estimated to correspond to the levels of democracy in 
Malaysia and Mexico in 19943.  Not only is the estimated relationship non-monotonic, it 
also appears quite weak, thus “one cannot conclude from this evidence that more or less 
democracy is a critical element for economic growth” (37-38).

There are at least two objections to this conclusion.  The first states that there are 
important indicators of economic development, other than long-term growth rates, which 
are correlated with democracy.  Rodrik (2007) asserts that as countries become more 
democratic, economic growth is less volatile, adverse-shocks are handled better, and 
distributional outcomes are improved.  The second objection holds that using long-term 
growth rates and indicators of democracy is not appropriate for analysing interactions 
between the two, as there is much information contained in turning points of growth 
performance and political regime changes which is lost when only long-term averages 
enter the equation.

Thus it is an important realization that the steady and predictable economic growth 
prevailing in OECD countries is not indicative of conditions in the rest of the world.  Pritchett 
(2000) finds that growth is usually much more volatile, that it can rarely be described by a 
2  More precisely, he allows for non-monotonicity by including a quadratic term.
3  The corresponding value on the polity index from the Polity IV dataset, which ranges from -10 to 
10, is 4 in both cases. By comparison, the US, Germany, the UK, and most other Western countries score the 
maximum value of 10.
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single trend, and that a great variety of growth patterns can be observed across countries: 

“While some countries have steady growth (hills and steep hills), others have rapid growth followed 
by stagnation (plateaus), rapid growth followed by decline (mountains) or even catastrophic falls 
(cliffs), continuous stagnation (plains), or steady decline (valleys).”

Pritchett demonstrates how long-term average growth rates can be misleading: 

“Between 1960 and 1980 Côte d’Ivoire grew at 3.1 percent, somewhat of an African growth miracle, 
while between 1980 and 1992 its GDP per capita fell 4.1 percent a year, a growth disaster.  Ignoring 
this break, average growth was 0.22 percent.  Nearby Senegal stagnated throughout the same period, 
with stable growth of 0.18 percent.  In what relevant sense are these two growth experiences the 
same?”

Similarly, volatility and non-stability of political regimes is a much more common 
phenomenon than experience from OECD countries would suggest.  Persson and Tabellini 
(2006) record no less than 120 regime changes for the period 1960 to 2000 and 150 
countries4.  

Exploiting the information contained in regime changes and turning points of growth 
performance promises to shed further light upon linkages between democracy and growth.  
For instance, Persson and Tabellini (2005) take advantage of political regime changes.  
They estimate a panel regression and find, controlling for country and year fixed effects, 
that transition to democracy results in an increase in growth by 0.75 percentage points, a 
“large and significant effect.”  The estimated long-run effect on income per capita is an 
increase of 12.5 percent.

This paper is a small contribution to the growing research into turning points of growth 
performance, in particular growth accelerations, i.e. periods of rapid and accelerated 
growth.  We investigate whether measures of political openness predict a country’s ability 
to sustain a growth acceleration.  The remainder of the paper is organized as follows:  
We first explain the definition of the term growth acceleration as used by Hausmann et 
al. (2005) and present some results reached in the recent literature.  We then motivate 
the econometric model and discuss the estimation strategy, including possible limitations.  
Finally, we present the results and conclude. 

2 Explaining post-acceleration growth: the role of political openness

2.1 Preliminaries: definition and results in recent literature
We follow the definition of the term growth acceleration given in Hausmann et al. (2005) 

[from now on HPR].  They require that an instance of growth acceleration satisfy the 
following criteria: Over a period lasting at least eight years, the rate of economic growth 
must be at least 3.5 percent (growth is rapid), and it must exceed the growth rate of the 
preceding eight-year period by at least 2 percent (growth is accelerated).  Furthermore, the 
level of income per capita at the end of an acceleration period must not be lower than the 
4  This figure is based on the coding in the Polity IV dataset.
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maximum level of per capita income of the preceding eight-year period, ruling out recovery 
from a crisis.  A list of 83 growth accelerations identified by this filter is provided in HPR 
(based on data from PWT 6.1).  This list constitutes the sample used for the regressions in 
this paper. 

A first important finding in HPR is that growth accelerations are a “fairly frequent 
occurrence,” and that “achieving growth over the medium term is not something that is 
tremendously difficult, and it is well within most countries’ reach.” But their analysis 
also suggests that “most growth accelerations are not preceded or accompanied by major 
changes in economic policies, institutional arrangements, political circumstances, or 
external conditions.”  To be sure, HPR find that changes in terms of trade, political-regime 
changes, and financial liberalization all are significant predictors of growth accelerations.  
They estimate that a political-regime change increases the probability of the occurrence 
of a growth acceleration by about 5 percent.  Interestingly, a negative change5 has a larger 
effect than a positive change: 10 percent versus 2.5 percent.  When a distinction is made 
between sustained and unsustained accelerations, it is found that a negative regime change 
increases the probability of experiencing an unsustained acceleration by almost twice as 
much as the probability of experiencing a sustained acceleration.  However, despite the 
identification of individually significant effects, HPR emphasise “the limited success that 
the right-hand side variables collectively achieve in predicting major growth turnarounds.”  
For those countries that did experience an episode of growth acceleration, their model 
estimates a probability that is on average only slightly above the probability estimated for 
countries that did not (10.1 percent versus 6.6 percent).

Rather than being concerned with the probability of occurrence of growth accelerations, 
Berg et al. (2008) analyze the determinants of the duration of growth spells.  Their findings 
indicate that the duration of growth spells is positively related to democratic institutions, 
among other things.  Jerzmanowsky (2005), estimating a Markov-switching model to 
characterize four distinct growth regimes, finds that “better institutions appear to improve 
long-run growth by making episodes of fast growth more persistent.” 

In this paper we use simple least-squares estimation to analyse growth differentials 
between acceleration and post-acceleration periods.  In particular, we investigate whether 
there is a statistically significant and economically meaningful relationship between post-
acceleration growth performance and the measures of political openness from the Polity 
IV database.  The results seem consistent with these findings of the recent literature, and 
thus we add a small contribution to the list of studies that establish empirical relationships 
between political or institutional variables and economic performance during and after 
growth accelerations.  The benefit lies in the fact that the robustness of these relationships 
is improved when similar results are reached by employing distinct methodological 
approaches.

2.2 Motivating the econometric model
The analysis of differences in growth rates between the period of growth acceleration and 

the post-acceleration period is motivated by the following considerations. The unconditional 
5  i.e. a decrease in the polity index from the Polity IV dataset.
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probability that a country experiences a growth acceleration at some point during a decade 
is estimated by HPR to equal 25 percent.  Therefore the fact that growth accelerations 
seem unpredictable should not lead to pessimism: Out of four countries, one is expected to 
experience an acceleration in growth in a given decade.  The additional resources acquired 
during this period can be consumed or invested in productive projects to foster economic 
growth in the future.   In other words, while initiating growth accelerations may not be 
within the reach of policy makers and private agents in the economy, influencing the degree 
to which their country will sustain the rapid growth may well be.  It is reasonable to expect 
that post-acceleration growth will be positively affected by investments in physical and 
human capital, improvements in institutions, and the extent to which coordination failures 
are resolved during the acceleration period, among others. 

The intuition can be supported by a simple model.  Suppose a country’s aggregate 
production function is 

(1) α
ttt kAy = ,

where ty  is output per capita, tk  is physical capital per head6, and tA  is the efficiency level 
in the economy or “total factor productivity” (TFP), all at time t.  In growth rates, 

(2) ktAtyt ggg ⋅+= α .

We focus on the growth rate of TFP, which has a very broad meaning here:  It measures 
the extent to which the economy employs physical resources efficiently.  Improvements 
in education (human capital), infrastructure, institutions, or terms of trade may all lead to 
an increase in TFP.  We assume that TFP in one period equals TFP in the previous period 
multiplied by an efficiency-augmenting factor7:

(3) ( ) 0exp 11 ≥⋅= −− γγ ttt AA .

Taking natural logs yields the growth rate of TFP,

(4) 
11lnln −− =−≡ tttAt AAg γ
.

Changes inγ  lead to one-for-one changes in the rate of economic growth (2).  Suppose 
the efficiency-augmenting factor ( )γexp  depends positively on levels of education h, as 
well as investments undertaken by the private (P) and public (G) sectors, PI , GI , implying 
that:

(5) ( )G
t

P
ttt IIh ,,γγ ≡ ; 0,, >

∂
∂

∂
∂

∂
∂

GP IIh
γγγ .

Higher levels of education mean that physical resources are used more efficiently. 
However, it seems reasonable to assume that the marginal product of education decreases 

6  The parameter α  takes values ( ]1,0 . It would be strictly less than one in a neoclassical growth 
model, and may equal one in models of endogenous growth. However we do not discuss the role of capital 
accumulation here.
7 With   this factor would be efficiency-diminishing, and of course it is conceivable that TFP decreases 
under certain circumstances. To keep things simple we restrict   to non-negative values, but this is not a cru-
cial assumption.
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with increasing education,

(6) 02

2

<
∂
∂
h
γ .

Higher levels of education also imply smarter investment decisions, thus the marginal 
products of private and public investment increase with increasing education,

(7) 0,
22

>
∂∂

∂
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∂
hIhI GP

γγ .

In contrast, higher degrees of autocracy x depress the marginal product of investment,

(8) 0,
22

<
∂∂

∂
∂∂

∂
xIxI GP

γγ .

This can have several reasons.  Private investment may be less effective in raising 
productivity due to a poor institutional environment.  Public investments may be less 
productivity-boosting due to a tendency of autocratic rulers to waste resources on prestige 
projects, or because of little awareness of the opportunity costs of public projects due to 
depressed political participation, etc. 

The simple framework presented here can easily be applied to growth accelerations.  
Suppose a country experiences a growth acceleration due to some exogenous shock, for 
example due to an improvement in the terms of trade.  There will be increases in investment 
that may lead to a rise in TFP, translating into even higher economic growth.  However, the 
productivity-boosting effect of investment depends on education and political openness.  
Without sufficient levels of education and political freedoms, the additional resources 
obtained during the growth acceleration may be wasted. 

There is some anecdotal evidence in favor of this hypothesis.  For instance, autocratic 
Turkmenistan has experienced rapid economic growth at an annual rate of 7.1 percent 
over the past decade.8  While growth seems to be driven by natural resources revenues 
and favorable external conditions, the political elite might be missing the opportunity to 
make crucial investments and reforms that could help sustain rapid growth.  Oil and gas 
production have stagnated, and the agricultural sector has suffered from crop failures.  As 
for infrastructure, electricity is subsidized but erratic in supply.  A gold statue of former 
president Saparmurad Niyazov and the rising number of grandiose public buildings in the 
capital are further signs of a misallocation of increased tax revenues.9

This seems to support the assertion that the degree of political openness, in addition 
to levels of education, is a potential determinant of the quality of investment and policy 
decisions made during a period of growth acceleration.  We shall test this hypothesis by 
analysing the impact of cross-country variations in political openness on post-acceleration 

8 Source: author’s calculation based on data from the Economist Intelligence Unit.
9 I thank Dr. Judith Shapiro, who travelled to the country in 2000, for calling my attention to this cur-
rent instance of growth acceleration under autocratic leadership. The description of the situation in the coun-
try is due to her (personal communication) and an article in The Economist, “Turkmenistan’s new father”, 
January 2007, downloaded from the magazine’s website on June 29, 2008.
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growth performance, controlling for levels of education and other factors. 

2.3 Definition of the dependent variable and descriptive statistics
The percentage difference between post-acceleration growth rates and growth rates 

during the acceleration period is an indicator of how well the acceleration is sustained.  
Thus we define the dependent variable 

(9) 
7,

7,7100:
+

+∆
⋅=

tt

t

g
g

w
 ,  

7,14,77,7 ++++ −≡∆ ttttt ggg
,

where 7, +ttg  is the rate of economic growth during the acceleration period starting at time t, 
and 14,7 ++ ttg  is the growth rate during the post-acceleration period, defined as the eight years 
following an episode of growth acceleration.  All growth rates are least squares coefficients 
from a regression of the natural logarithm of per capita income (constant prices, chain 
series) on a linear time trend.  Income data used in this paper are taken from Penn World 
Tables 6.1.

Positive values of w imply that an episode of growth acceleration is not only fully 
sustained but that growth rates increase even more.  This is a rare event and therefore w can 
be expected to be negative on average.  Indeed, the mean is -60.99 ( 42.49=sd ), implying 
that growth rates decrease on average by 61 percent eight years after the up-break, the 
beginning of the acceleration period.  For example, if the growth rate during the acceleration 
episode is 5.8 percent (the sample mean), then this implies a post-acceleration growth rate 
of 2.3 percent.  However, there is considerable variation in the sample.  Success stories 
include Japan (1958), Indonesia (1967), and Ireland (1985), all of which managed to more 
than keep up the rapid growth experienced during the acceleration period.  In contrast, 
Nigeria (1967), Syria (1974), and Romania (1979) experienced negative economic growth 
throughout the post-acceleration period.  A break-down into regions is presented in Table 1.  
East Asian and OECD countries are fairly successful in sustaining growth, with decreases 
in growth rates of merely 30 percent on average.  In contrast, the typical growth acceleration 
episode in Sub-Saharan Africa is followed by a fall in growth or even stagnation. 

 
2.4 Estimation strategy and econometric concerns

We estimate the equation

(10) iit,tii autocw ebα +′+⋅+= + xñ7;
,

where iw  is, as defined in (9), the percentage difference between growth in the acceleration 
and post-acceleration periods for the instance of growth acceleration i, and 7,; +ttiautoc  
is the average score on the autocracy index during the growth acceleration,  taken from 
the Polity IV dataset (Marshall and Jaggers, 2002). The index ranges from zero to ten 
with higher values implying a higher degree of autocracy.  In alternative specifications, 
we replace the autocracy index by the democracy index (also ranging from zero to ten) 
and by the polity index, which equals the democracy index minus the autocracy index.  
The vector of controls, ix , includes the natural logarithm of the average number of years 
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of schooling (persons aged 15 and above) during the growth acceleration (based on the 
dataset from Barro and Lee (2000)), the natural logarithm of per capita GDP in the break 
year, regional dummies, a dummy for oil-producing countries, and dummies specifying 
the decade in which the growth acceleration began.  Inclusion of initial per capita GDP is 
motivated by the conditional convergence hypothesis which holds that if two countries are 
similar, for example in terms of levels of education, then the country with the lower initial 
GDP will grow faster until convergence to the common steady state is achieved.  The final 
component of the RHS, ie , is an i.i.d. error term. 

There are several econometric difficulties in estimating equation (10).  First, it is likely 
that the equation cannot be consistently estimated since the explanatory variables might 
depend on the left-hand-side variable.  The degree of political openness and also levels of 
education might be affected by the magnitude of the growth acceleration.  The explanatory 
variables will then be correlated with the error term, rendering OLS inconsistent.  A possible 
solution is to instrument for the explanatory variables using their one-period lagged values.  
This should alleviate concerns about reverse causality.  Second, the causal effect of political 
openness on post-acceleration growth performance can only be consistently estimated if 
political openness is uncorrelated with unobservable omitted variables that are captured by 
the error term.  The solution we propose is to include regional dummies and decade dummies 
that may capture some of the unobservable variation in the sample.10  The third difficulty is 
selection bias arising from conditioning the sample on countries that experienced a growth 
acceleration.  Suppose that being more democratic increases a country’s probability of 
experiencing a growth acceleration.  ‘Undemocratic’ countries that experienced a growth 
acceleration must have had some other favorable characteristics, perhaps unobservable, 
that made high growth possible.  With respect to those characteristics, they outperform 
democratic countries that had growth accelerations.  This means that OLS underestimates 
the effect of democracy.  Conversely, if democracy decreased the probability of growth 
acceleration, then OLS would overestimate the effect of democracy.  There is no simple 
solution to this problem, but one can test whether measures of political openness indeed 
affect a country’s probability of having a growth acceleration.  To do this, we take all 
countries with available data in the relevant period and regress a dummy variable indicating 
that a country experienced a growth acceleration in a given year on measures of political 
openness and decade dummies, using OLS with fixed effects.  The results are displayed in 
Table 2.  The autocracy, democracy and polity indices all have no effect whatsoever on the 
probability of having a growth acceleration.  This demonstrates that selection bias is not a 
serious problem when estimating equation (10). 

2.5 Empirical results
The results of the 2SLS regressions are displayed in Table 3.  First, we estimate equation 

(10) by OLS.  The autocracy index has a negative effect that is however rather small 
and not statistically significant (first column).  A key question is whether the effect of 
10  An alternative strategy would be to use instrumental variables, such as dummies indicating whether 
a country used to be a British, French, Spanish or Portuguese colony. However in the sample the first stage is 
not strong enough for this strategy to yield meaningful results.
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autocracy varies across regions.  In particular, it may be different for East Asian countries, 
which were very successful in triggering and sustaining high economic growth under 
authoritarian regimes.  We therefore include an interaction term of autocracy with the East 
Asia dummy.  The magnitude of the effect of autocracy increases, but the coefficient is still 
statistically indistinguishable from zero.  Autocracy seems to have no negative effect for 
East Asian countries (second column).  These tentative conclusions are confirmed when 
using 2SLS.  We instrument for the endogenous variables political openness and schooling 
in the period of growth acceleration using their one-period lagged values as well as all 
other exogenous variables.  The effect of the autocracy index is negative and statistically 
significant at the ten percent level (third column).  Next we again include the interaction 
of autocracy with the East Asia dummy.  The coefficient on autocracy for East Asia is 
indeed significantly different.  The effect of autocracy for the rest of the sample has again 
increased in magnitude and is now significant at the five percent level (fourth column).  To 
illustrate the magnitude of the relationship, an estimated coefficient of about -7 implies that 
a five-point decrease on the autocracy index corresponds to a reduction in the difference 
between acceleration and post-acceleration growth of 35 percentage points, everything else 
being equal.  Taking a numerical example, if two countries that are similar except for the 
autocracy score experience annual growth at 6 percent during the acceleration period, and 
if the country with the higher autocracy score experiences post-acceleration growth of three 
percent, then the country with the lower autocracy score may expect a post-acceleration 
growth rate of 5.1 percent, given that the difference in autocracy is five points.  Since these 
growth rates cover a period of eight years, the implied difference in standards of living at 
the end of the post-acceleration period is quite large.  

Note that a country that scores low on the autocracy index is not necessarily a democracy.  
The extent to which countries can be considered democratic is measured by the democracy 
index.  A composite index, called the polity index, is constructed by subtracting a country’s 
autocracy score from its democracy score.  To facilitate interpretation of the results, we 
replace the autocracy index by the two alternative indices.  Column five shows that there 
is a positive but statistically insignificant relationship between the dependent variable and 
the polity index.  The coefficient becomes marginally statistically significant when the 
East Asia interaction term is included (sixth column).  There is no statistically significant 
correlation between the dependent variable and democracy, even when including the East 
Asia interaction term (seventh and eighth columns).  This suggests that the marginally 
significant effect of polity is due to its autocracy component.  

These results are consistent with the notion that the factors that underlie the autocracy 
score adversely affect a country’s ability to sustain episodes of growth acceleration.  
Countries in which political participation is restricted, in which the constraints on the 
executive are weak, and in which executive recruitment is selective rather than competitive 
are on average less able to keep up the high growth rates experienced during the acceleration 
period.  The factors that underlie the democracy score, i.e. open and competitive political 
participation, strong limits on executive power, and elective executive recruitment, do not 
seem to have a positive effect on post-acceleration growth performance.  In the context 
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of growth accelerations, there appears to be no economic cost of democracy.  Autocracy, 
however, seems costly. 

3 Conclusion

We exploit the information contained in turning points of growth performance and found 
a statistically and economically significant relationship between autocracy and growth 
performance.  The more autocratic countries are, the less able they are to sustain episodes 
of rapid and accelerated growth.  However, this relationship does not hold for the group of 
East Asian countries, consistent with the notion that these countries were able to trigger and 
sustain high economic growth under authoritarian regimes. 
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Table 1:  Descriptive statistics of the dependent variable

Region No of 
observations jw

East Asia 13 -28.36
Eastern Europe 2 -92.44
Latin America and Caribbean 17 -80.18
Middle East and North Africa 10 -64.40
OECD 17 -31.08
South Asia 4 -32.48
Sub-Saharan Africa 20 -92.15
Total No of obs, sample mean 83 -60.99

Table 2:  The relationship between political openness and the probability of experiencing 
a growth acceleration

Dependent variable P( growth acceleration )
Estimation method OLS with FE OLS with FE OLS with FE

(1) (2) (3)
 autocracy 0.000

(0.002)
democracy 0.000

(0.002)
polity 0.000

(0.001)
Mean of the dependent variable 0.03 0.03 0.03
Fitted min 0.01 0.01 0.01
Fitted max 0.10 0.10 0.10
Adjusted R2 0.01 0.01 0.01
Obs. 2536 2536 2536

NOTE. Standard errors are in parentheses. All regressions include dummies for the decade 
in which the observation was made.
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Table 3: Political openness and post-acceleration growth performance

Dependent variable Percentage difference in growth rates between acceleration and post-
acceleration periods

Estimation method OLS OLS 2SLS 2SLS 2SLS 2SLS 2SLS 2SLS
(1) (2) (3) (4) (5) (6) (7) (8)

autocracy (t,t+7) -0.72 -2.01     -4.57* -7.10**
(1.92) (2.08) (2.75) (3.17)

EA * autocracy (t,t+7) 7.37 11.20*
(4.76) (5.89)

polity (t,t+7) 1.64 2.55*
(1.32) (1.48)

EA * polity (t,t+7) -4.03
(2.97)

democracy (t,t+7) 1.91 2.92
(2.45) (2.74)

EA * democracy (t,t+7) -4.36
(5.85)

Adjusted R2 0.31 0.33
Obs. 77 77 74 74 74 74 74 74

NOTE. Standard errors are in parentheses. Lagged values for the political openness 
measures and schooling are used as instruments. All regressions include as controls the 
log of average years of schooling, the log of initial income, regional dummies, decade 
dummies, and a dummy for oil producing countries. * Indicates significance at the ten 
percent level. ** Indicates significance at the five percent level. *** Indicates significance 
at the one percent level. The number of observations is less than 83 in all cases because of 
unavailability of data.
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Variation in the demand for low cost water treatment technology arises from (1) 
heterogeneity in information regarding the costs and benefits of the technology across 
households and (2) the differential degree to which technology benefits different household 
members. This paper assesses the degree to which household characteristics such as 
income, expenditure, education, knowledge about disease transmission, perceived water 
safety, and expenditure on diarrheal treatment coupled with financial decision making 
structures impact the likelihood of household water treatment. Using a probit regression 
to calculate marginal effects of explanatory variables, we find the highest increase in 
likelihood of water treatment results from the father being the financial decision-maker in 
a household where the mother has low power in voicing dissent when she disagrees with 
the financial decisions made. At the same time, a marginal increase in the tier of respondent 
education is the next highest marginal contributor to increasing the likelihood of water 
treatment. This puzzle is further analyzed by segregating the sample into male-headed vs. 
female-headed households. In doing so, we find positive selection of mothers in terms of 
education and disease awareness in male-headed households causes a greater likelihood of 
water treatment whereas lower wealth, education, and disease knowledge causes female-
headed households to suffer a disproportionately larger brunt of diarrheal disease through 
decreased likelihood of water treatment. Policy implications as well as elaboration upon 
models of household decision-making are suggested.
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1 Motivation 

Technology, a key source of economic development, allows individuals to transition 
out of poverty (Beasley and Case 1993). Yet, in an era when space travel can be bought by 
the highest bidder, it is hard to digest the fact that more than 1 billion people (more than 
half the entire planet’s population in 1940) still lack adequate, clean drinking water. But it 
would be a mistake and a luxury to think that the technology to serve these people has yet 
to be discovered. The worse reality is that populations remain underserved despite massive 
investment and effort throughout the twentieth century and the new millennium to bring 
them water. In fact, the Millennium Development Goal to halve the proportion of people 
without access to safe drinking water is unlikely to be met given current financial and 
political commitments (Gleick 2003).  This is potentially one of the key reasons why the 
“world is in the midst of a major transition in water resource development, management, 
and use (Ibid).” 

During the 1900s, massive infrastructure in the form of dams, aqueducts, pipelines, 
and complex centralized treatment plants were the dominant method of cleaning water 
and delivering it to growing populations. This “hard path” approach brought tremendous 
benefits to billions of people, such as the reduction of water-related diseases, but also 
had substantial and often unanticipated social, economic, and environmental costs. The 
displacement of more than 1 million people as a result of flooding in the reservoir behind 
the Three Gorges Dam in China1 even featured as the protagonist in the recent documentary 
Up the Yangtze (2007).  

In response to these high and unpredictable negative externalities associated with large 
infrastructure projects, weak government incentives, limited capital, and rapid population 
growth, policymakers in the “development” industry began to favor a more ”soft path” 
approach to water delivery that complements large infrastructure projects with investment 
in decentralized facilities, efficient technologies and policies, and human capital. Most 
importantly, the soft path is based upon the belief that through the rational application of 
technology and economics and decision-making at the right scale, the productive use of 
water can be improved (Gleick 2001). 

As a result, the soft path has incorporated the household in the decision making process 
of technology adoption to a level unprecedented during the era of large infrastructure 
projects implemented and managed by government bodies. But most of our knowledge on 
the intersection of technology and economics, especially in the context of household-level 
1  World Commission on Dams, Dams and Development: A New Framework for Decision-Making 
(Earthscan, London, 2000).
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decision-making, is incomplete. 
The first issue is that technology adoption has been primarily studied in the context of 

firms. There are a few studies that assess how individual farmers make decisions about 
adopting improved seeds, fertilizers, etc., but there is a need for a separate analysis of how 
households choose to adopt technology for domestic, non-income generating activities 
due to the fact that households, even within the same community, are likely to exhibit 
heterogeneity at a level that far exceed firm variation, arguably even across industries. 
Different households exhibit neither a uniform grasp of information regarding the costs and 
benefits of the same technology nor does a singular household necessarily derive utility in 
a manner that is consistent across family members. For example, variations in education 
levels could result in different perceptions of how diarrheal diseases are transmitted. As 
a result, certain households will consider water a credible pathogen in contributing to 
household sickness whereas other households will consider water quality to be a non-issue 
in their health outcomes. Then, we would expect adoption rates of water treatment filters to 
differ across households with different levels of education. As will be elaborated upon later, 
we find sufficient evidence among the community surveyed to support this hypothesis.

Secondly, imagine a scenario in which women disproportionately bear the burden of 
collecting and managing water in the household. At the same time, suppose these women 
have very low financial decision making power and the men of the household who do 
make financial decisions do not value investments in water procurement or treatment. This 
representation of value is rational because the distance men enjoy from the process of 
delivering and managing water for the household causes them to undervalue investments 
in technologies related to water management. On the other hand, a technology like a 
cellular phone might weigh similarly in priorities of men and women if they speak to 
relatives and friends in equal amounts or could use the technology for income generating 
activities at similar rates. In either case, the point is that different technologies will benefit 
household members to different degrees based upon existing social norms and practices. 
With the inevitability of scarce resources, conflicts of interests can arise when distributing 
limited income across technology investments that benefit people with different financial 
bargaining power and varying utilities from a particular technology.

While there is ample, and at times conflicting, literature on modeling household decision-
making structures, these models are largely general and are not applied to investment in a 
particular technology or good. The shift away from the unitary model of the household-that 
largely ignores the conflicts of interest that create heterogeneity in the utility of individuals 
within the same household-exhibits that there is a recognition of the inability to assume 
away the internal power structure of households when analyzing financial decisions.  In 
response, the collective model of the household suggests that the welfare function of the 
household can be viewed as an aggregate of individual utility functions by assigning them 
appropriate weights.2 But information on how an individual values a particular technology 
is only marginally useful in the context of understanding technology adoption. Without 
taking into account the relative power an individual has to affect purchase in the case he or 
2  See Browning, Chiappori, and Lechene 2004 for a recent overview of the evolution in unitary vs. 
collective model debates and specification. 



TO TREAT OR NOT TO TREAT318

she has a relatively higher utility for a particular technology than other family members, our 
understanding of household decision-making structures is incomplete. Instead of estimating 
the different utility functions individuals in the same household could potentially have for a 
particular technology, I assume that these values are inherently different. Instead, this paper 
focuses on how variation in financial decision-making structures impact household water 
treatment behavior. 

The aforementioned heterogeneity creates an arena of technology adoption analysis that is 
a more complex and nuanced space than previously modeled in the study of firm technology 
adoption behavior. Therefore, this paper aims to assess the degree to which drivers of 
water treatment behavior can be identified at the household level and to discern the intra-
household bargaining games to which technology adoption will be subject. Given scarcity 
in the form of public and private funds, it is even more important to assess the magnitude 
to which different programs can condition behavior change. For this reason, there will 
be an extensive discussion on the marginal effect of various household characteristics in 
effecting water treatment. The overall goal of this paper then, is to set the stage for further 
inquiry into how the complexities of household dynamics condition technology adoption.

2 Data

The primary data set for this paper is a sample of 320 household surveys I, along 
with Ayse Ercumen, administered in the slum of Behrampada in Mumbai, India during 
the Summer of 2008.3  The overarching focus of the study was to ascertain the severity 
of diarrheal incidence and hygiene practices among the population. In order to collect 
information on diarrheal incidence, we focused only on households that had children in 
the under-five-years age group. The respondent for the household survey was the primary 
caregiver for a child in this age group and is almost always the mother of at least one child 
in the age group. 

To avoid response bias, we first asked respondents whether they treated their water but 
followed this up later in the survey by asking to see their treated water. While 75% of the 
sample claimed to treat drinking water, only 72% of this sub-sample actually had treated 
water ready to drink at the time of the survey. Therefore, we only mark households that 
claimed to treat water and had a sample at the time of survey as actually treating their water. 
This variable, henceforth known as “treat,” indicates that 56% of households actually treat 
water.  In attempting to answer the central question of whether there exist identifiable 
household characteristics that differ significantly across households we focus our attention 
on the following variables:

Hc = number of children five and under years old living in the household
Hm = monthly household income
He = monthly household expenditure
Hs = monthly household savings
Er = education tier of respondent4 

3  Please see the Appendix for a sample of the survey instrument
4  Education levels tiered such that no education=1, 6th grade and less=2, 7-9th grade=3, 10th grade=4, 
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Es = education tier of respondent’s spouse5

Know = 1 if respondent believes drinking dirty/untreated water cause diarrhea, 0 
otherwise

Ws = perceived water safety (1=unsafe, 2=OK, 3-safe)
Wq = perceived water quality (1=good, 2-OK, 3=bad)
Wds = extent to which respondent considers diarrhea to be a serious threat to child 

health (1=not very serious, 2=serious, 3=very serious)
Hdmeprop = proportion of monthly medical expenditures spent on diarrhea-related 

treatment6

Df = 1 if father is the financial decision-maker, 0 otherwise
Dm = 1 if mother is the financial decision-maker, 0 otherwise
Db = 1 if both mother and father make financial decisions, 0 otherwise
Dlp = 1 if the respondent cannot express dissent when she disagrees with the 

financial decision made, 0 otherwise

3 Analysis

3.1 Differences Among Water Treatment Groups
Table 1 provides a few valuable insights into how households that treat water differ from 

households that do not treat water. The number of children five and under in the household 
does not significantly affect the water treatment behavior of a household. Although we 
would like to think households with more children have a greater incentive to treat water, 
we do not find evidence that this is a motivating factor in household water treatment. Next, 
while we find the respondent’s education level to be significantly different across water 
treatment groups, we do not find evidence for this to be true for spousal education levels. 
Curiously, whether the respondent identifies diarrhea to be a serious threat to child health 
or not does not differ significantly across water treatment outcomes. This is true in spite 
of the fact that the subgroup that considers drinking dirty/untreated water to be a cause of 
diarrhea tends to consider diarrhea to be a more serious threat to child health (p-value=9%) 
than the group that did not identify this causal link correctly. We also find evidence that the 
respondent’s education level differs significantly across the groups that differ on the extent 
to which diarrhea is seen as a threat to child health (p-value .1%). While more educated 
women may be identifying diarrhea as a serious threat to child health, however, we do not 
find the respondent’s education level to be significantly higher for the group that identified 
drinking dirty/untreated water as a cause of diarrhea. 

On the other hand, we do find that the proportion of medical expenditure spent on 
diarrheal disease is different across groups that differ on the extent to which diarrhea is seen 

11th-12th grade=5, college and higher=6. These tiers were constructed to mimic the transitionary divides in 
the Indian education system.  
5 Education levels tiered such that no education=1, 6th grade and less=2, 7-9th grade=3, 10th grade=4, 
11th-12th grade=5, college and higher=6. These tiers were constructed to mimic the transitionary divides in 
the Indian education system. 
6  Proportions tiered such that 1:<=25%; 2:25-50%; 3: 50-75%, 4: 75-100%, 5: 100%<
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as a threat to child health (p-value=21.5%). It appears that the more serious one considers 
diarrhea to be to child health, the smaller the share of medical expenditures spent on treating 
diarrheal disease. This would make sense if water treatment were significantly higher in the 
group that considered diarrhea to be a serious threat to child health. But since we rejected 
this hypothesis, the reason for a lower proportion of medical expenditures being spent on 
the groups that consider diarrhea to be a serious threat to child health is unclear. On the 
other hand, we find sufficient evidence to indicate that income, expenditure, and savings 
are significantly higher for groups that treat water. In fact, expenditure rather than income 
differs across groups to a greater degree (at the 5% level). While spousal education level 
and the seriousness of diarrhea to child health as perceived by the respondent seem to be 
insignificant, we do find strong evidence (at the 1% level) that the respondent’s education 
level differs significantly across water treatment groups. Among households that treat 
water, the respondent’s education level is significantly higher (p-value=.65%). In fact, this 
is the most significant difference across water treatment groups in this preliminary analysis. 

Finally, we analyze variables aimed at capturing the role of the household financial 
decision maker in shaping water treatment behavior. In households that treat water, the 
father is more commonly the financial decision maker (12%) and the respondent expresses 
low power in voicing dissent (p-value=5.85%). Even more puzzling is the fact that in 
households that do not treat water, mothers are far more likely to be the financial decision 
makers (p-value=.3%). This is particularly noteworthy coupled with the fact that spousal 
education levels did not appear to be significantly different across water treatment groups 
whereas the respondent’s education level was relatively the most significantly different 
explanatory. This finding is scrutinized later.

3.2 Models to Capture Marginal Effects
Using the results from Table 1, we build the following models using a probit regression 

with “treat” as the dependent variable. The impact of marginal effects of each explanatory 
variable (X’s) on the probability of water treatment is captured in Table 2. The marginal 
effects were calculated at the average value of each explanatory variable.  

The models estimated are specified as follows:

(I)    Treat = b0 + b1(He) + b2(Er) + b3(Er*Wds) + b4(Wds) + b5(Know*Er) + b6(Know
(II)   Treat = b0 + b1(He) + b2(Er) + b3(Er*Wds) + b4(Wds) + b5(Know*Er) + b6(Know) 

+ b7(Ws) + b8(Ws*Er) + b9(Hdmeprop)
(III)  Treat = b0 + b1(He) + b2(Er) + b3(Er*Wds) + b4(Wds) + b5(Know*Er) + b6(Know) + 

b7(Ws) + b8(Ws*Er) + b9(Hdmeprop) + b10(Df) + b11(Dm) + b12(Dm*SmarterR) 
+ b13(Dlp)

(IV)  Treat = b0 + b1(He) + b2(Er) + b3(Er*Wds) + b4(Wds) + b5(Know*Er) + b6(Know) 
+ b7(Df) + b8(Dm) + b9(Dm*SmarterR) + b10(Dlp)

3.3 Interpretation  
The results outlined in Table 2 have some interesting implications for our understanding of 
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the role of wealth effects, the relative value of education and hygiene awareness campaigns, 
and the importance of household power dynamics and financial decision making structures 
in predicting the determinants of water treatment behavior. 

First, a marginal increase in expenditure is more likely to increase the likelihood of 
water treatment than the same marginal increase in income. A Rs. 1000 marginal increase 
in household expenditure causes about a 1% increase in the likelihood of water treatment. 
The reported monthly willingness-to-pay (WTP) for water treatment technology among 
the sample was under Rs. 50.7 This seems reasonable given that boiling, one of the most 
common forms of current treatment8, costs about Rs. 45 per month. Although we know 
that recognition of water treatment as a credible preventer of diarrheal disease is low 
(since only 18% of the sample made this link), from Model (I) we see that even if the 
entire sample recognized this pathway, it would cause the likelihood of water treatment to 
increase by only 2.4%. On the other hand, we do find strong evidence that households that 
currently treat water are far more likely to be willing to pay more, on average, for water 
treatment on a monthly basis (p-value=0.26%) and even more so for a one-time investment 
(p-value=0.07%).

The Rs.1000 marginal increase in expenditure, however, is 14% of the standard 
deviation in monthly household income and 28% of the standard deviation in monthly 
household expenditures. Assuming that this entire Rs. 1000 went to treating water through 
the course of a month and this prevented any outbreaks of diarrhea in the same month 
(highly unlikely given that every household reported drinking water from sources outside 
the house and the other pathways of contracting diarrhea), the monthly expenditure on 
water treatment would be far above the average monthly expenditure on diarrheal disease 
treatment. In fact, mean monthly expenditure on diarrheal disease treatment is Rs. 163 
(SD=Rs. 420), so the Rs. 1000 investment in treatment technology, exceeds the coping 
cost of lacking clean water almost 95% of the sample face. In spite of this, however, we 
find sufficient evidence that households that do not treat water are almost 97% more likely 
to spend a greater portion of their medical expenditure on treating diarrhea-related illness 
(p-value=3.2%). In fact, households that do not treat water spend on average 14% more on 
treating diarrheal disease than households that do treat their drinking water. These findings 
have the most serious implications for aspiring designers and distributors of “low cost” 
water treatment technology. As evidenced by the 2008 and 2009 International Water and 
Sanitation Symposium at UC Berkeley, engineers, public health professionals, and other 
experts in the water and sanitation (WatSan) arena are becoming increasingly concerned 
with appropriate pricing for locally adapted “point-of-use”9 water treatment technology.  
7  Note that all WTP estimates discussed below are based on the WTP reported by the respondent 
alone. Therefore, we inherently equate the respondent’s WTP with the household WTP. As discussed in one 
of the first sections, this equality is one of the shortcomings of the unitary model of the household. Later on, 
however, we disentangle the substantial differences in households where the father makes financial decisions 
vs. where the mother makes such decisions and further contextualize our WTP findings by studying the im-
pact of the respondent’s low bargaining power in affecting financial decisions.
8  About 60% of the sub-sample that had treated water at the time of survey used boiling as their treat-
ment method.
9  In keeping with the recent trend toward of employing a “soft approach” to water treatment and dis-
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One project10 was commended for having as one of its core goals the realization of a design 
for a household water treatment filter for Behrampada that would cost only $10, which is 
the equivalent of Rs. 433.9011 in nominal terms.12 To contextualize the competitiveness of 
this price, consider the PureItÒ filter targeted to the BOP market13 in India by Hindustan 
Unilever Limited, India’s largest consumer products company, that we purchased for 
a one-time investment of Rs.1,800 last summer to pilot firsthand. Only eleven (5% of) 
sampled households that claimed to treat water in Behrampada, however, actually owned 
this technology at the time of survey. Note that average monthly WTP for water treatment 
was under Rs. 50 and only 13 (about 5% of) households were willing to pay the highest tier 
of over Rs. 200 for water treatment each month. 

But given the sample’s savings structure and expenditure on diarrheal treatment, there 
is already over-investment with eleven households owning PureItÒ filters-almost double 
the amount of households for whom it is cost effective to own a PureItÒ. Also, assuming 
that boiling water is as effective in removing pathogens as the aforementioned filtration 
systems, it seems more economically rational to boil water than to use any of the point-
of-use filter systems given that the Rs. 45 monthly expenditure required for boiling only 
represents 0.8% of monthly expenditures for the average household and deducts only 3.7% 
of the average household’s monthly savings. The return on investment for boiling would 
therefore actualize for 38% of the population that spends more than Rs. 45 on diarrheal 
treatment each month within the month that boiling is adopted as the treatment of choice14. 
Also note that the cost of boiling is only .045% of the marginal increase in expenditure that 
induces a 1% increase in likelihood of water treatment in Model (I).

As such, there is strong evidence to indicate that boiling is the most cost effective water 
treatment option for the given sample and can be enjoyed by the largest proportion of the 
population as compared to other POU treatment technologies. At the same time, we are 
unable to pinpoint the reason for which the PureItÒ filters have experienced adoption at a 
rate that is almost double what seems fiscally reasonable for the given sample. Anecdotally, 

tribution, point-of-use (POU) technologies are targeted for use and storage at the household level and include 
filters, chlorine, boiling, alum, etc. These technologies are juxtaposed to community-level technologies such 
as treatment plants or other centralized, piped systems. 
10  Haath Mein Sehat (HMS), a UC Berkeley student-led initiative that aims to bring safe water and 
sanitation to slum communities in urban and peri-urban areas in India was targeting this goal as recently as a 
year ago. I conducted the fieldwork that resulted in the data set discussed in this paper, as part of the HMS’s 
needs assessment project, last summer. HMS is currently in the process of re-evaluating its education and 
technology development program to serve more appropriately the communities it targets. 
11  From x-rates.com for the period January 2008-December 2008 viewable at http://www.x-rates.
com/d/INR/USD/hist2008.html. It makes more sense to use nominal rather than real terms because the price 
target for the filter is also in nominal terms. For reference, the real equivalent target price would be about Rs. 
200 for 2008 as calculated from annual inflation averages at indexmundi.com.
12  and inflation calculated at 5.9% from indexmundi.com available at 
13  Targeting the 4 billion people who live on less than $2/day as untapped, value-demanding consum-
ers, as characterized by C.K. Prahlad in The Fortune at the Bottom of the Pyramid (2004)
14  The frequency with which the filter must be used or water must be boiled on a daily basis is outside 
the scope of the present analysis. For our purposes, we assume that there is no variation in the efficacy, ease 
of use, time savings, and other intangibles across boiling vs. PureItÒ. 
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however, we find status-as perceived by the possession of certain technologies-to be a 
potential motivating factor, but one that is hard to quantify and analyze. We are, however, 
able to identify a significant wealth effect for the subpopulation that owns a PureItÒ. 
Average monthly expenditure for households that own a PureItÒ is Rs. 10,000 (SD=Rs. 
2,348), which places this subgroup in the 96th percentile of the expenditure distribution and 
average monthly income for this subgroup is Rs. 15,818 (SD=Rs.4,442), placing it in the 
95th-96th percentile of the income distribution. 

3.4 Variation in Explanatory Variables by Household Financial Decision-Maker
Following from Table 2, we attempt to learn whether households with fathers vs. mothers 

as financial decision-makers vary significantly across treatment behavior, respondent 
and spousal education tiers, wealth, WTP for water treatment, and proportion of medical 
expenditures spent on diarrheal disease treatment. The results of unpaired t-tests across 
explanatory variables (X’s) are presented in Table 3.      

It appears that households where fathers make financial decisions are 19.3% more likely 
to treat their water than households where the mother is the financial decision-maker. 
Next, let us analyze the household characteristics that differ most significantly across 
households where the mother is the financial decision-maker (Group 1 or mother-headed) 
vs. households where the father is the financial decision-maker (Group 2 or father-headed). 

First, note that Group 1 has a monthly income that on average is Rs. 1200 less than that 
of Group 2. It is almost 90% more likely that women-headed households will have lower 
income when compared to male-headed households. But how the result of a particular 
household being female-headed vs. male-headed is produced remains uncertain. In fact, 
mothers in male-headed households are on average .4 tiers more educated than their 
counterparts in female-headed households. Although this could be attributed to a wealth 
effect, it is not the case that women in female-headed households are more educated than 
their male counterparts and therefore make financial decisions. To the contrary, male-
headed households are on average almost 11% more likely to be composed of mothers 
who are more educated than fathers. This could explain the results in Model (IV) where we 
found a positive effect on the likelihood of treatment for both the respondent’s education 
level and male-headed households. This result arises from the fact that there is positive 
selection of respondents in terms of higher education in male-headed households. Similarly, 
we can understand why female-headed households negatively contribute to the likelihood 
of water treatment and why the respondent’s inability to voice dissent, which is higher in 
male-headed households, increases the likelihood of water treatment. With respect to both 
variables, there is negative selection of respondents in female-headed households. Not only 
are respondents in Group 1 less educated than their counterparts in Group 2, they are also 
less likely to consider diarrhea to be a serious threat to child health (p-value=10.9%) and 
are 6% less likely to identify drinking dirty water as a cause of diarrhea.  

Although we do find evidence that fathers are on average more educated than mothers 
(p-value=5.1%), it is not the case that education levels determine power in the household 
since it is almost 94% more likely that the mother will be more educated than the father in 
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male-headed households. This finding could possibly substantiate the hypothesis that there 
is a gender effect-namely, the fact that one’s gender-over any other component of one’s 
identity, such as education level-determines the amount of relative power (or lack thereof)-
in the inability to impact financial decision-making in male-headed households. 

On the other hand, since female-headed households exhibit lower outcomes on all 
measure of wealth and knowledge, we cannot overtly support the operationalization of 
gender targeting in projects that aim to increase water treatment by focusing on women 
while serving a range of households. In fact, since male-headed households are almost 
90% more likely to have higher income and almost 85% more likely to expend more than 
female-headed households, a wealth effect may cause women in male-headed households 
to be more educated than female-headed households that have significantly less wealth.15 
Therefore, caution against overtly characterizing the entire sample as representing a 
homogenous structuring of gender roles at the household level is merited. 

In our analysis from Table 3, we find that Group 1 is most marked by the lower level of 
respondent education, followed by lower income and perceived threat of diarrhea, and a 
larger proportion of medical expenditures devoted to treating diarrheal disease. As such, 
the inability of the respondent to affect financial decision-making is largely irrelevant for 
these households because in spite of having that power, poor health outcomes result from 
other, more salient household characteristics. This group, however, will likely benefit more 
from boiling water prior to consumption due to the lower WTP for water treatment and 
higher coping costs of diarrhea so that building the information linkages between water 
treatment and the prevention of diarrhea, rather than explaining cost savings, would be 
most useful for this sub-sample. On the other hand, although 32% of respondents in Group 
2 are more educated than their male counterparts, 64% of respondents cannot voice dissent 
when they disagree with financial decisions their spouses make. Although spousal education 
level is not significantly different across female vs. male-headed households, respondent’s 
education level is significantly higher in male-headed households than female-headed 
households at the 5% significance level. Recall that it was respondent education level, 
rather than spousal education level, that was more likely to increase the probability of 
water treatment. In a sample where boiling is the preferred form of treatment, this makes 
sense because it is more likely that the women, who overwhelmingly govern the stove 
in the home, will be the ones boiling the water. Even though WTP for water treatment 
is higher in male-headed households, it was the respondent who provided this value. If 
the respondent is unable to affect the financial decision-making, then the likelihood of 
adoption for a POU treatment is likely to be low in this sub-sample. This, however, is not 
because there is not a demand for it-to the contrary, the far greater likelihood of water 
treatment in this sub-sample shows that these households should be particularly interested 
in water treatment technology. But technology adoption of POU filters will be low in this 
sample because the person who would most demand the technology cannot bargain for its 
purchase. As such, we find compelling evidence that a gender effect is salient for this sub-
15  This is not to say that male-headed households are making investments in educating mothers-
rather, the implication is that men from wealthier households marry women from wealthier households where 
women are more likely to be educated because their parents can afford to send them to school.
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sample where helping women gain “empowerment” to affect financial decisions would be 
beneficial to increase adoption of water treatment technologies. At the same time, however, 
one should question whether “gender targeting” would not be more effective in improving 
household health outcomes by incorporating financial decision-makers, namely fathers for 
Group 2 households. 

4 Conclusion

The primary driver of water treatment behavior is differentiated across father-headed 
households and mother-headed households. Since boiling is the most prevalent form of 
water treatment in Behrampada, we find Group 2 households are more likely to treat water 
than Group 1 households due to positive selection of women who are more educated and 
identify diarrhea as a serious threat to child health. Father-headed households also tend 
to be wealthier, in terms of both income and expenditure than mother-headed households 
that suffer the brunt of diarrheal disease expenditure at significantly higher rates and are 
also less likely to treat water. Mothers in mother-headed households have significantly 
lower levels of education than their counterparts in male-headed households and consider 
diarrhea to be a less serious threat their children’s health. Even though respondents in male-
headed households exhibit more consistent water treatment behavior and have a higher 
monthly WTP for water treatment than their counterparts in female-headed households, 
their households will be less likely to purchase water treatment technology in the form of 
filters, etc. if fathers do not also derive the same utility from the technology. While gender 
effects in terms of low power of respondents to impact investments in water treatment are 
salient for male-headed households, female-headed households appear to have a higher 
need for improved education and disease awareness.

Consequently, this paper’s findings have a few important implications for (i) 
appropriate targeting and messaging of efforts to increase drinking water treatment among 
heterogeneously poor populations and (ii) intra-household models that aim to analyze 
decision-making, bargaining, and technology adoption. By suggesting more nuanced 
strategies and outlining areas requiring further research, my hope is to instigate improvement 
and more specific effort in the universal attempt to eradicate the burden of disease billions 
of people suffer through the lack of clean drinking water. 

4.1 Suggestions for Project Design and Targeting
Water treatment is unlikely to prevent 100% of diarrhea-related expenses and there 

is high variability in the extent to which investments in water treatment yield positive 
health outcomes for a particular household. The highest proportion of the population will 
reap substantive returns from investing in the cheapest treatment technology without 
compromising safety. Therefore, projects should promote boiling over low cost POU filters 
in places like Behrampada. Boiling not only costs 10% of the investment in a $10 filter and 
less than 3% of a PureItÒ filter, it is also a familiar practice among the sample surveyed.

Secondly, gender targeting should include men in efforts to improve household health 
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outcomes. Even though households where fathers exclusively make financial decisions 
are significantly wealthier and have more educated, and disease aware mothers than 
their counterparts in female-headed households, this high demand for water treatment 
technology will not translate into adoption and investment in male-headed households 
because mothers have low power in affecting financial decisions. On the other hand, 
female-headed households, where mothers are already making financial decisions, demand 
a different campaign strategy-one that focuses on increasing their awareness of the linkages 
between poor water quality and diarrheal disease. Contrary to popular belief, we find weak 
evidence that women are inherently more likely to invest in household welfare when given 
the opportunity to make such decisions. Instead, we find that income level, and more 
importantly, education level, conditions the lack of water treatment behavior. Therefore, 
projects would better serve their target populations by first identifying the key household 
decision-makers and then considering how these sub-samples differ across income profiles 
and knowledge to generate more specified and effective strategy for improving the health 
outcomes of each subset. 

4.2 Implications for Intra-household Models
An increasing rejection of the unitary model of the household in modeling decision-

making in multi-person households (Browning, Chiappori, Lechene 2004) is marked by a 
movement toward the collective model, which assumes a household welfare function to be 
a weighted sum of individuals’ private utility functions. The outcome reached is assumed 
to be Pareto efficient, irrespective of the manner in which the decision is reached. But the 
manner in which the decision is reached is of central importance to technology adoption. 
The social planner is concerned with not only who the decision-maker is, but how the 
targeting of particular household members will affect household outcomes. Therefore, 
there is a need to also segregate our analysis of household welfare by key decision-makers, 
especially when we see heterogeneity in household decision-making structures even in 
communities with extremely high population densities and socio-cultural and religious 
homogeneity.16 

One of the directions further research can take is to consider the household technology 
adoption arena in the context of mechanism design theory. First developed by Eric Maskin 
in 1977, mechanism design theory takes a normative approach to designing a suitable 
mechanism to carry out a particular optimization of welfare for all parties involved, given 
that the social planner (and other household members in this case), have limited information 
about individual preferences. By segregating households along key decision-makers, the 
social planner can attempt to then target particular individuals to achieve the optimal 
outcome that must be clearly defined ante-targeting. In this manner, we will be able to cater 
more effectively to heterogeneous samples with respect to household power structures. Of 
course, the details and implications of such an application of mechanism design theory will 
constitute a separate work in and of itself-one the author hopes disentangle in the future.

In any case, our understanding of technology adoption and household choices related to 
16     Behrampada is a Muslim majority slum that suffered violence on a large scale in December 1992 as a 
result of rioting instigated by political mobilization around the Babri Masjid dispute (McGuire, et al. 1996)
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hygiene behavior remain under-researched areas. While on the one hand the proliferation 
of locally adapted technologies in the effort to aid impoverished communities combat 
preventable diseases is flourishing, the impact of these efforts to create a substantive dent 
in the fight against unnecessary death and malnutrition remains limited. The challenges 
such efforts face necessitates an evolution in the modeling of household decision-making. 
By including a variety of communities in re-assessing our conception of families and 
household decision-making structures, the inclusion of previously under-represented areas 
of the globe will introduce a heterogeneity that must challenge the manner in which we 
construct generalized models of the household. Given that the implementation strategy 
employed to deliver clean water and similar “development” projects affects billions of 
people, the opportunity cost of ignorance and resistance to effectively evolve both our 
models and our strategy threatens billions of lives. Therefore, it is with a sense of urgency 
and optimism that I would encourage further discussion and evolution in these arenas.  
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Appendix 1 Survey Instrument

Baseline Questionnaire                                                      Household Code: ___ ___

Initials of Interviewer: ___ ___ Cluster Code: ___ ___

Date: ___ ___ / ___ ___ /___ ___

Page 1 of 5

SECTION 1. GENERAL

1. What are the three main concerns for you in

your community?

(Mark three answers.)

 Poverty

 Unemployment

 Uncleanliness/garbage

 Unsafe water

 Lack of sanitation facilities/latrines

 Other. Please specify

________________________________

________________________________

              ________________________________

SECTION 2. WATER SOURCE

1. Where do you get your drinking water? Select all

that apply.

 Private tap

 Public tap

 Bottled water

 Other. Please specify

__________________________________

2. Who collects water? Mark all that apply.

 Female adult

 Female child

 Male adult

 Male child

 Other

3. How happy are you with your overall water

access?

 Unhappy

 OK

 Happy

Comments:__________________________________

___________________________________________

___________________________________________

4. How would you judge the safety of the water

from your source?

 Unsafe

 OK

 Safe

Comments:__________________________________

___________________________________________

___________________________________________

5. How would you rate the overall quality of your

drinking water?

 Good

 OK

 Bad

Comments:__________________________________

___________________________________________

___________________________________________

SECTION 3. WATER TREATMENT

1. Do you ever do anything to your water to make it

better, cleaner or safer before anybody in the

family drinks it? 

               Yes         No (Go to question 6)

2. What do you do to your water to make it

better, cleaner or safer?

(Mark all that apply.)

 Boiling

 Chlorine

 Cloth filter

 Candle filter

 Ceramic filter

           Aquasure/Pureit

           Alum

 Other.  Please state

_____________________________

3. Who consumes the treated water?

(Answer this question for all treatment

methods selected in Question 2. Put a check in

all boxes that apply.)

4. Do people who drink the treated water also drink

water from other sources?

              Yes         No

Kids

Under 5

Kids

5-15

Adults

Over 15

Elderly

Over 50

Boiling

Chlorine

Cloth F

Candle F

Ceramic F

Aquasure/

Pureit

Alum

Other

Appendix: Survey Instrument
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Appendix 2 Tables

Table 1: Variation in Households that Don’t vs. Do Treat Drinking Water

 Mean Values of X’s Difference Standard 
Error P-value H-Test (P-Values)+

X’s Don’t Treat Treat
Hc 1.48 1.45 -0.03 0.08 67% Not significantly different
Hm* (Rs.) 5950.00 7456.00 1506.09 803.19 6% Treat higher (3.1%)
He** (Rs.) 5092.00 5943.00 851.01 410.28 4% Treat higher (1.96%)
Hs* (Rs.) 1716.00 3688.00 1972.47 1175.34 10% Treat higher (4.9%)
Er(1)*** 2.93 3.32 0.39 0.16 1% Treat higher (.65%)
Es(1) 3.25 3.39 0.13 0.15 41% Not significantly different
Know 0.15 0.20 0.05 0.04 25% Treat higher (12.7%)
Ws** 2.31 2.10 -0.21 0.09 2% Don’t treat higher (1.1%)
Wq 1.71 1.84 0.14 0.09 11% Treat higher (5.7%)
Wds 2.50 2.49 -0.003 0.07 97% Not significantly different
Hdmeprop(2)* 2.57 2.21 -0.36 0.20 7% Don’t treat higher (3.24%)
Df 33% 39% 6% 6% 24% Treat higher (12%)
Dm*** 28% 16% -13% 5% 1% Don’t treat higher (.3%)
Db 11% 13% 2% 4% 64% Not significantly different
Dlp* 47% 57% 10% 6% 12% Treat higher (5.85%)
 
(+):Ho: mean(don’t treat) – mean(treat) = 0 for all X’s. Not significantly different: the p-values were larger than 10%; Treat higher: 
the group that treats water tends to exhibit X at a higher rate than the group that doesn’t treat water; Don’t treat higher: the group that 
doesn’t treat water tends to exhibit X at a higher rate than the group that treats water (p-values are in parentheses)
***Difference significant at the 1% level
**Difference significant at the 5% level
*Difference significant at the 10% level
(1): Education levels tiered such that no education=1, 6th grade and less=2, 7-9th grade=3, 10th grade=4, 11th-12th grade=5, college 
and higher=6. Therefore, in households that do not treat water, the average level of education for the respondent falls in 6th grade 
and under category although it has a leaning toward the next higher tier whereas for the spouse, the level of education lies toward the 
lower end of the 7th-9th grade category. 
(2): Proportions tiered such that 1:<=25%; 2:25-50%; 3: 50-75%, 4: 75-100%, 5: 100%<
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 Mean X’s(1) 

Difference
Standard 

Error 

H-Test 

(P-Values)+X’s Mother Father 

Treat***
40.9%       
(.061)

60.2%        
(.046) -19.3% 7.6%

Father higher 
(.63%)

Hm*
Rs. 5723.85 
(Rs.623.31)

Rs. 6924.77 
(Rs. 645.49) -Rs. 1200.92 Rs. 964.95

Father higher 
(10.8%)

He
Rs. 5045.48 
(Rs. 361.02)

Rs. 5707.01 
(Rs. 434.61) -Rs. 661.53 Rs.630.88

Father higher 
(14.8%)

Es
3.30       

(.160)
3.34      

(.136) -0.04 0.22
Father higher 
(43.3%)

Er**
2.77       

(.154)
3.16       

(.124) -0.39 0.20
Father higher 
(2.7%)

SmarterR(2)*
21.2%       
(.057)

31.9%      
(.044) -10.6% 6.9%

Father higher 
(6.4%)

Know
16.7%      
(.046)

18.1%      
(.038) -1.4% 6.0%

Father higher 
(40.6%)

Wds*
2.47     

(.075)      
2.59      

  (.056) -0.12 0.09
Father higher 
(10.9%)

WTP monthly
2.17        

(.162)
2.37           

(.117) -0.20 0.20
Father higher 
(15.5%)

WTP one-
time

2.98        
(.218)

3.0         
(.154) -0.02 0.26

Father higher 
(47.2%)

Hdmeprop*
2.57         

(.219)
2.3         

(.161) 0.26 0.27
Mother higher 
(8.3%)

Dlp**
44.1%       
(.086)

64.1%      
(.048) -20.0% 9.6%

Father higher 
(2.0%)

(+): Ho: mean(mother) – mean(father) = 0 for all X’s. Father Higher: the mean value for the given X is significantly higher in 
households where the father makes financial decisions vs. households where the mother makes financial decisions. Mother Higher: 
the mean value for the given X is significantly higher in households where the mother makes financial decisions vs. households where 
the father makes financial decisions.
(1) Standard errors in parentheses
(2) SmarterR=1 if Er>Es, 0 otherwise
***H-Test significant at the 1% level for stated alternative
**H-Test significant at the 5% level for stated alternative
*H-Test significant at the 10% level for stated alternative
 

Table 3: Variations in Households by Mothers vs. Fathers as Financial Decision-Makers
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1 Introduction
Human capital plays a central role in shaping the growth of economies and is a crucial 

determinant of a person’s and a nation’s productivity. The benefits of human capital are 
manifold, including promoting competitiveness, slowing down birth rates, and increasing 
per-capita income growth. For developing countries, the most prevalent method of 
accumulating human capital is education. The extensive prioritizing of education investment 
initiatives of all parties involved, from the Millennium Development Goal’s target for 
universal primary education to localized plans from governments like Wawasan 2020 
(Vision 2020) in Malaysia, shows the awareness of human capital’s positive externalities. 

The paper hypothesizes that the level of aggregate human capital in an economy affects 
the overall returns of an individual’s human capital accumulation and fertility decision. 
However, the positive externalities from aggregate human capital are not internalized by 
households in their investment decisions. Using an overlapping generations model, I specify 
the household’s optimization problem in a rural developing country where parents have an 
old-age support motive that underlies the benefits of having and educating children. The 
optimal decision of parents is then contrasted with that of the social planner. They differ 
in that the social planner internalizes the externalities of aggregate human capital on the 
single consumption good production. The difference between investment decisions yields 
the country’s optimal education subsidy.

ABSTRACT
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The eagerness to speed up the original rate of education investment clearly shows an 
implicit understanding that, if left to their own accord, the citizens of these countries lack 
the incentive to invest in human capital at the rate the local government or international 
aid and development agencies would consider ideal. However, given the small budgets that 
developing countries are usually working with, what should the subsidy look like? How 
much is necessary to generate the optimal results?

The purpose of this paper is to present a cost and benefit analysis that is modeled after a 
rural developing economy. This analysis applies to two parties: the average household in 
the economy and a hypothetical social planner who is omnipotent. Since the households 
do not internalize the positive externalities of aggregate human capital, their investment 
efforts in the human capital of their children and the number of children to have are not 
Pareto optimal. The social planner, however, will see all the effects of human capital and 
fertility decisions in the economy and take them into account. Comparing both decisions, 
an optimal education subsidy can be developed. Using this policy instrument, we analyze 
the change in parameter relationships as the model economy funds the subsidy with a 
payroll tax.

The literature on human capital, fertility, and growth is substantial. In models of 
endogenous growth, Becker, Murphy, and Tamura (1990) as well as Galor and Weil (2000) 
frame fertility decisions based on the quantity-quality tradeoff between the number of 
children and the education of each child. They assume increasing returns to human capital 
in their model, indicating its positive externality. Morand (1999) presents a similar growth 
model with an old-age support motive that is reflective of rural developing economies. 
Positive externalities relating to education are also a subject that has been widely studied 
(Moretti, 2004; Mueller, 2007; Hall, 2006), although there is still no consensus on how 
these externalities are best calculated. Quantifications of optimal education subsidies in the 
economic growth literature have not been found.

The contributions of this work will be to create a theoretical growth model with the same 
quantity-quality tradeoff that is representative of a rural developing economy, meaning that 
the model will incorporate the old-age support motive and imperfect credit markets. This 
model will then be solved from the household’s and then the social planner’s perspective, 
since the household does not take into account the effect of its decisions on the aggregate 
stock of human capital. This difference will yield the optimal education subsidy the rural 
economy should apply to its households in order to internalize the spillover effects. Becker, 
Murphy, and Tamura (1990) have a solid theoretical framework that has influenced much of 
this model. However, in their models they assumed that households internalize the human 
capital externality. As well, parents in their model possess an altruistic utility function. This 
may not be the case with developing countries where the old-age support motive is prevalent. 
Morand (1999) works with a rural developing economy but did not take into account the 
fact that households do not internalize the externality. Moreover, he assumes that parents’ 
education levels only affect their investment in children positively. He does not take into 
account the opportunity cost of raising children.1 The externality papers focused more on 
testing for the existence of externalities and their concentration is on tertiary education. 
1 The opportunity cost is related to market wages and increases with human capital.
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Since this paper is modeling a rural developing economy, lower levels of education are the 
focus here because education is cumulative. Developing countries often have to focus on 
increasing primary and secondary school enrollment rates first before moving on to tertiary 
education.

The theoretical model here shows that decentralized equilibrium is not Pareto optimal. 
This is confirmed by the household’s lower steady state human capital investment level and 
higher steady state fertility level compared to the social planner’s decisions. The optimal 
subsidy measure confirms original intuition in terms of its relationships with different 
parameters in the model. The incorporation of a payroll tax allows for the education subsidy 
to be funded by the economy itself. The changes in some of the parameter’s relationships 
will be discussed further. The optimum subsidy measure shows a basic framework of the 
relationships between different factors in the economy. If developed further, it can be used 
to examine the effectiveness of education initiatives in different countries.

The paper is organized as follows. Section 2 explains the theoretical model and describes 
the decisions of the household and the social planner, establishing an argument for an 
education subsidy. Section 3 follows with the incorporation of the policy instrument into 
the theoretical economy and Section 4 will conclude.

2 The Model

2.1 The Decentralized Economy
The model employs the overlapping-generations framework to construct the individual 

household’s consumption decision. Individuals live for three periods in this model but 
are productive in only one. In the first period, they are born and will make no choices 
because they consume a portion of their parents’ production. This model presupposes that 
the only costs associated with having or educating offspring are production goods.2 In a 
sense, parents will pay to have children and to give them human capital. In the second 
period, individuals become productive and supply one unit of labor inelastically as well 
as reproduce offspring. They pay out a portion of their wage to their parents, choose how 
much to invest in their offspring and their offspring’s education, and spend the rest on 
their own consumption. In the third period, individuals make no decisions but consume a 
portion of all their children’s wages. This retirement support system is assumed to continue 
from generation to generation, reflective of the old-age support motive prevalent in many 
developing countries.3 Developing economies typically have imperfect credit markets and 
so it is assumed that there is no way of transferring income from one period to the next via 
financial transactions. There are no savings in the form of physical capital and all goods 
are perishable by the end of each period. Children and their education will be the only 
investment transferable across periods. It is assumed that there is no heterogeneity amongst 
the households in the economy. The model uses households, as opposed to individuals, as 

2 Some papers use time as an input to having children, like Becker, Tamura, and Murphy (1990).
3 This support system can be attributed to the cultural norm and also to the lack of a social security 
system or pension fund plan, both of which are reflective of rural developing economies.
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a production unit of children.4

In period t, the household is productive and receives the marginal product of their labor 
as wage, wt . A traditional, exogenous, and fixed fraction, θ, from one’s wage, is given to 
parents as old-age support.5 The portion of the income allocated to raising children is (ϕht-

1
ε + τht)nt.  ϕ is  the fixed cost of having a child, which includes food, clothing, and other 

basic expenses (0 < ϕ < 1).  ht-1
ε is the parents’ human capital determined from the period 

before, which translates into the opportunity cost of having children with returns ε (0 < ε < 
1). As the parents’ wages increase as a function of their education, they will be taking time 
away from earning more money and so it will be more expensive to have children. The per 
unit cost of education is τ, a positive parameter (0 < τ < 1). Lastly, ht is the education level 
of each child which translates directly into its cost, and nt is the number of children. The 
household’s budget constraint at period t is:

 ct  = (1 – θ – (ϕht-1
ε + τht)nt)wt       (1)

Because ct  must be non-negative, the constraint θ + (ϕht-1
ε + τht)nt ≤ 1must hold.

In the period t+1, the individual is no longer working and will be consuming the fixed 
share θ from the total of their children’s wages.

 ct+1  = θwt+1nt          (2)

The optimization problem the household is facing is then to choose between number 
of children to have, nt, and the human capital investment for each child, ht, in order to 
maximize utility from their consumption both when productive and during retirement. 
With β being the discount rate between periods6 (0 < β < 1), the household optimization 
problem to be solved, subject to the budget constraints above, is

 max   u(ct) + βu(ct+1).       (3)
 ct, ct+1 

The economy’s production function will include only human capital as an input. The 
reason for this is firstly for simplicity and secondly because all physical capital is in 
some shape or form created, designed, and operated by human capital. In that sense it is 

4 This means that children are produced by the households in period one but then go on individu-
ally reproduce children as they become households in period two. To clarify further, this paper assumes that 
people reproduce like amoebas. The complex modeling of marriage is not pursued in this paper for simplic-
ity’s sake.
5 Leibenstein (1975) outlines the argument that the decision to have children is based on the old-age 
support motive as part of an informal trading system. There is other evidence that support the individual 
family as the dominant institution of old-age support in developing countries (Jiang, 1994; Jensen, 1990; 
Dharmalingam, 1994). Nugent (1985) presents a helpful and objective oversight on the importance of this 
motive as part of endogenous growth models.
6 If the model was specified annually then β would the discount rate on consumption from one year to 
the next.
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encompassed in this model. Output is thus given by,

 ft (H, h, n) = Ht-1
δht-1

γnt-1       (4)

Ht-1 is the aggregate level of human capital embedded in current productive members 
of workforce, ht-1 is the individual’s human capital, and nt-1 is the size of the productive 
population. The individual human capital term is lagged by one period because the 
education process takes place one period earlier for all working individuals. The return to 
individual human capital, γ is a positive fraction (0 < γ < 1). The return to the aggregate 
effects of human capital is δ, a positive fraction. The aggregate level of human capital, Ht-

1, is the product of each individual’s human capital, multiplied by the number of children 
raised last period as well as all the number of identical households who raised and educated 
these children in the previous period, Ht-1 = nt-1ht-1nt-2.

Assuming the labor market is in equilibrium and wage is the marginal product of labor,

 wt = Ht-1
δht-1

γ          (5)

For simplicity, I use log functions for the consumption utilities. Using (1) and (2), the 
first order condition for the optimal human capital investment is,

       (6)

As can be seen above, the higher the number of children the parents choose to have, nt , 
the lower the amount of human capital will be given to them, ht . The first order condition 
for the fertility decision reflects this relationship vice versa,

       (7)

Equations (6) and (7) are then combined and solved to get optimal choices for both 
fertility and human capital accumulation.

       (8)

The optimal fertility decision for households, ñt, confirms the initial intuition. The higher 
the cost of rearing children, ϕ, the lower the number of children the parents will choose. As 
well, an increase in the opportunity cost of parent’s time, ht-1

ε, will lower optimal fertility. 
As the returns to individual human capital, γ, increases this means that human capital 
investment will be favored and so optimal fertility will drop. Lastly, the fraction paid out to 
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retired parents, θ, has an inverse relationship with the household’s fertility decision since it 
decreases overall household income.

         (9)

The optimal human capital accumulation above, , depends positively on the cost 
of having children, ϕ, and negatively on the cost of education, τ. An increase in cost of 
having children will mean that parents will substitute having more children for educating 
the children further. The optimal human capital investment is also positively related 
to the parents’ education. Because higher parental human capital translates into higher 
opportunity costs for having children, highly educated parents will invest in the quality of 
children rather than quantity.

From (9), the steady state for human capital accumulation, h*i is found when ht = ht-1,

         (10)

This steady state shows that the economy converges towards a certain value of human 
capital. To find the steady state for fertility, h*i is substituted into (8),

       (11)

For increasing levels of human capital over time, ht ≥ ht-1,

      

This shows the ceiling level of human capital the parents need to have in order to educate 
their offspring more than themselves. When the cost of having children, ϕ, is very low, this 
means a low threshold level of ht-1 and a low ceiling for human capital accumulation. This 
means that it will be hard to accumulate human capital which confirms the substitution 
effect towards increased fertility. When the cost of education, τ, is low, this means that the 
ceiling is high, and so there will be more human capital accumulation.

2.2 Social Planner
The social planner makes decisions based on all households across all periods. The 

planner also internalizes the complementarities in aggregate human capital, which the 
household does not see. Below is a cross section of what the planner will be maximizing 
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including the role of aggregate human capital in wages, Ht-1
δ = (nt-1ht-1nt-2)

δ,

  
   

After solving the first order condition for fertility at period t,

     (12)

As can be seen above, fertility here still depends on the same things as equation (7) 
except for the added δ term, the parameter associated with the aggregate human capital 
specification. In fact, if the parameter δ is zero, taking out the aggregate human capital’s 
effect on the social planner’s decision, equation (12) becomes the solution to the household’s 
first order condition for fertility, equation (7). The first order condition for human capital at 
period t, is more difficult to solve cleanly. After substituting in equation (12), the simplest 
reduced form is

      

The steady state for human capital from the social planner’s perspective is below when 
ht+1 = ht = ht-1,

     (13)

Equation (13) shows how the pre-existing relationships in equation (10) carry over. The 
negative relationship with the cost of education and the positive relationship with the cost 
of having children still hold. For this steady state to be positive and not infinity, the returns 
to education, γ, has to obey the inequality and be no larger than 0.5,7

 γ – δ(1 + β) < 0.5        (14)

To determine whether households suboptimize in their investment decisions, the steady 
state human capital from the social planner’s standpoint, h*p, has to be larger than the 
steady state human capital from the household’s standpoint h*i. This then makes the case 
for an education subsidy. The parameters will need to be calibrated to quantify the subsidy 
7 This inequality is important as a guideline for calibrating the parameters later.
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due to the complexity of the equations.
The steady state fertility decision from the social planner’s standpoint is as below,

The basic relationships here hold. There is a negative relationship with the cost of fertility 
but a positive relationship with rising education cost. The aggregate and opportunity 
cost effects are harder to determine just by looking at the equation. However, taking the 
externalities out by making δ=0 and ε=0, it is extremely close in form to (11),

      

Since all the equations here are relatively complex, further work on the parametric 
relationships within and comparisons between them will require calibrating the parameter 
values for numerical solutions. Table 1 shows the parameters and their calibrated values.

Table 1:  Parameter Estimates

If h*p is to be larger than h*i, the following inequality will have to apply,
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This inequality’s feasibility can be tested in Mathematica by varying two parameters 
at a time, holding the others at their estimated values. Mathematica generates plots that 
are shaded for the regions where the inequality holds across the specified range of both 
parameters. This inequality holds for most of the parameters when they are varied from 
zero to one.8

Figure 1 shows where the inequality holds for the entire ranges of both parameters δ and 
ε.9 The initial estimated values from Table 1 for δ and ε are shown in the plot. This shows 
the wide range of values for δ and ε where the inequality will still apply.

Figure 2 shows the feasibility plot for individual and aggregate human capital returns. 
From the inequality in (14), γ should be no more than 0.5. As can be seen, the inequality 
applies for the entire range of both parameters. Again, the initial estimated values for both 
parameters are shown. These plots confirm that households invest less in human capital 
compared to the social planner at steady state.

As an argument for an education subsidy due to socially suboptimal investments from 
the part of the household has been established, it should also be shown that families are 
having more children than what the social planner would prefer. If n*p is to be smaller than 
n*i, the following inequality will have to apply,

Using estimated parameters, the same inequality plotting can be done with Mathematica. 
The majority of shaded areas confirm that the households are over-investing in fertility 
compared to the social planner’s perspective. Again, the estimated values for from Table 1 
for both varied parameters are shown below in each plot in the appendix.

Since the majority of the regions in the plots are shaded, the household’s socially 
suboptimal investment decisions in number of children can be established.10 As a result, 
a policy measure to close these gaps can be introduced, be it a subsidy on human capital 
8 The parameters are varied only from zero to one because they are positive fraction as discussed 
earlier.
9 All plots are included in the appendix.
10 The further prove this, the steady states for fertility and human capital for both household and social 
planner are plotted on graphs with the estimated parameter values. These graphs are included in the appendix.
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investment or tax on fertility. In this paper, I choose to look at an education subsidy instead 
of a fertility tax because education subsidies are the most popular policy instrument used 
by governments to increase human capital investments and subsequently reduce fertility. 
There are a number of countries like China and Singapore who have taxed having children 
in order to lower fertility rates, but these policies are not that common and it can be assumed 
to be a permanent positive shock to fertility cost in the model.

To calculate how much of a subsidy would be necessary, the cost of education, τ, for the 
household is broken up into the actual cost of education and a subsidy, (τ – s). Since the 
household is investing less than the socially desirable amount, the subsidy will lower that 
cost. Equating both the steady states from the household and the social planner, the optimal 
subsidy is as follows,

   (15)

For the subsidy to not be negative or infinity,

 2(γ + δ) > βε(1 + 2δ(1+ β))       (16)

The positive fraction γ has to obey inequality (14). After substituting (14) into (16),

 εβ  – 2δ < 1 + 2δ(1 + β)(1 – εβ)

Since parameters β, δ, and ε are all positive fractions, the left hand side of the inequality 
will always be smaller than the right hand side. This confirms that the subsidy does not go 
to infinity.

As can be seen from equation (15), there is a positive relationship between the amount 
of subsidy and the education cost. As education cost increases, so will the subsidy. This can 
be shown by differentiating τ with respects to  and getting a positive result.

     
 

The rest of the parameter relationship within the optimal subsidy condition is less 
obvious at first glance and so they are plotted using Mathematica with the earlier estimates.

As the positive externalities from human capital increases, so will the optimal education 
subsidy as seen in Figure 6. This confirms the initial intuition of the social planner taking 
into account the positive externalities of education on society and thereby encouraging 
households to invest in more human capital by increasing education subsidy. However, it is 
not a linearly increasing relationship. The subsidy increases at a much slower rate at higher 



WOAN FOONG WONG 347

levels of aggregate returns compared to lower levels. This convergence confirms the theory 
that countries will move towards a steady state.

Figure 6:  Contour Plot of Education Subsidy s Versus Aggregate Returns δ

Figure 7: Contour Plot of Education Subsidy s Versus Power of Opportunity Cost of 
Fertility ε
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In Figure 7, the negative relationship between the power of fertility’s opportunity cost 
and subsidy is clearly shown. 

Figure 8: Contour Plot of Education Subsidy s Versus Individual Human Capital Return γ

When the individual human capital returns are extremely low, Figure 8 shows that the 
subsidy decreases initially. This means that at very low values of individual returns, there 
are not enough positive returns for more education subsidies to be implemented in the 
economy. However, the subsidy starts to increase exponentially after the γ value of about 
0.06, indicating that the positive effect of the individual human capital returns dominates 
after that point.

The optimal subsidy condition here is introduced as an exogenous variable into the 
model. This is not unrealistic in that foreign aid targeted at encouraging a country’s 
education investment will have a similar effect on the decisions of its households. Taking a 
step further, though, the next section explores the model when the economy has to finance 
this subsidy on its own.

3 Domestic Policy Implications

3.1 The Decentralized Economy
Now that households have been shown to have non-Pareto optimal levels of investments 

and an optimal subsidy has been established, it is important to document how this policy 
instrument can be internalized to help channel the households towards the ideal level of 
investment. Since government expenditure has to equal government revenue, subsidies 
given out to households have to be financed by the same amount in taxes. The tax will take 
the form of a payroll tax and will only affect the productive population at each period since 
they will be the ones earning wages and acting on the subsidy. As well, labor is supplied 
inelastically so there is no distortion of labor supply.
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Payroll tax takes a portion out of the productive individuals’ incomes. This decreases 
their spending capacity for everything else. However, the education subsidy returns this 
amount to the household, specifically as a discount in education cost. Since the households 
are not involved in the tax policy decisions, they take the tax levy, T, and the education 
subsidy value, s, as exogenous. The new budget constraint at period t will look as follows,

 ct = (1 – T)wt(1 – θ – (ϕht-1
ε + (τ – s)ht)nt)      (17)

The payroll tax that is paid, T, is a positive fraction that gets taken out of the household’s 
wage. The cost of education, τ, still remains but added on now is, s, the education subsidy.

In the retired period, the constraint is

 ct = (1 – T)wt+1θnt         (18)

Having equated both solved first order conditions, the optimal conditions are,

        (19)

        (20)

The relationships within the optimal conditions with payroll tax are exactly the same as 
before without the addition of the subsidy. With the optimal condition for , the subsidy 
has a positive relationship. The resultant steady state will be,

       (21)

Everything is the same except for the addition of the subsidy term which will have a 
positive impact on the steady state of human capital accumulation. The steady state for 
fertility with the payroll tax is

     (22)

As can be seen, the added subsidy term has a negative impact on steady state fertility 
of the household with a payroll tax. The subsidy will motivate more investment in human 
capital versus fertility. Since the payroll tax is exogenous, the household has to take the tax 
as given and pay it, and work with whatever income is leftover after it. Since they construct 
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their decisions post-tax, the tax term T is not included in both steady states.

3.2 The Social Planner
For the social planner, the payroll tax is internalized. Since government spending has to 

equal government revenue, the amount taxed has to equal to the amount received.

 Twtnt-1 = snthtnt-1        (23)

The productive population in the economy will be taxed to finance this subsidy because 
they are earning the wages. The total payroll tax incurred on all productive citizens is the 
product of the value of the tax, a positive fraction, the wages of individuals, and the number 
of productive individuals born the period before, Twtnt-1. This amount translates into the 
subsidy, s, for the human capital of each child, ntht, of all the households, nt-1.

Since the social planner internalizes this tax, the consumption pattern across time 
now looks slightly different. Say at period t, the optimal budget constraint of the retired 
population is cR

t* and cP
t* is the constraint for the productive population,

 cP
t* = (1 – T)wt(1 – θ – ϕht-1

ε – (τ – s)htnt)      (24)

 cR
t* = (1 – T)θwtnt-1         (25)

The optimal levels of human capital and fertility investments for the households are then 
substituted into cR

t* and cP
t* and the social planner’s optimization problem across periods 

is solved by maximizing utility with respect to the subsidy.11

 
The resultant nonlinear equation is as below,

As mentioned before, the social planner in this economy is taking into account two 
different externalities. The first one is the positive externality that aggregate human capital 
brings and the second is the added cost that parents imposes on their children in the form of 
the opportunity cost of more education on fertility. By giving their children human capital 
in the form of education, parents raise the fertility cost for their children. Since my paper 
is primarily concerned with the externality from aggregate human capital, I simplify the 
nonlinear equation above by leaving out the opportunity cost of education effect. With ε=0, 
the resultant closed-form solution is as follows,
11 Much appreciation goes to Professor Barbara Craig for teaching me this method.
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    (26)

One can verify that the subsidy is a fraction of the cost of education when all the parameters 
in equation 26 are bound, as has been assumed, by 0 and 1. For ease of understanding how 
the parametric relationships work within this optimal subsidy specification, the equation 
can be re-written below as optimal price of education, which is the cost of education less 
the subsidy paid out.

   (27)

From equation (27), it is easier to see the relationships within. As an example, when the 
aggregate returns to capital, δ, increases, the social planner should increase the subsidy 
to internalize the positive effects. This will mean the lowering of the optimal prize of 
education, (τ – s). This relationship and the others are reflected in the contour plots from 
Mathematica.12

Figure 9:  Contour Plot of Education Subsidy s Versus Aggregate Returns δ after Tax

Figure 9 shows the increase in the subsidy allocation as aggregate returns to human 
capital increases. The sharp drop at δ =0.9 happens because the estimated parameter for γ 
is 0.1. When δ  + γ = 1 , the power of the entire benefits term in (26) or the right hand side 
term in (27) goes to infinity, resulting in the steep drop.13

12 The parameter estimates for these contour plots are all multiplied by five to make their effects more 
visible
13 When δ  + γ = 1 , the power of the entire benefits term in (26) or the right hand side term in (27) 
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Figure 10:  Contour Plot of Education Subsidy s Versus Education Costs τ after Tax 
Internalization

  

At first glance at Figure 10, the per unit education cost seems to increase one for one 
with the education subsidy. However, when the plot is enlarged for very high levels of 
education cost, the optimal education subsidy is shown to increase at a much slower rate 
as seen in the smaller plot on the right. Diminishing returns to higher levels of education 
costs applies.

The threshold of γ that was seen in Figure 8 is confirmed here. The subsidy initially 
decreases with low levels of individual returns but then increases after that. The contour 
plot of the relationship between fertility costs and education subsidy is included in the 
appendix.

A comparison between the optimal education subsidy as a form of foreign aid or when 
funded by the economy’s tax revenues confirms a number of earlier intuitions. The cost of 
education results in an increase in the optimal education subsidy in both instances. This makes 
intuitive sense because when education costs more the subsidy should increase accordingly 
holding everything else constant. Similarly, higher aggregate returns to human capital will 
result in higher education subsidy allocations. This is because the social planner will have 
more human capital investment benefits to internalize compared to the households. This 
positive relationship is confirmed in both specifications as well. The individual returns to 
human capital have a more dynamic relationship with education subsidy. A threshold of γ is 
confirmed in both specifications where below it, education subsidy will decrease. However, 
beyond this value, education subsidy monotonically increases with higher individual returns 
to human capital. Due to the omission of the opportunity cost of education externality, I do 
not have a contour plot documenting the relationship between the returns to the parents’ 
opportunity cost and the education subsidy in the second specification. However, if there 

becomes   .  This causes the entire term to increase to infinity.
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is a way to simplify the equation and find that relationship, it should be no different from 
when the subsidy is allocated exogenously.

Figure 11:  Contour Plot of Education Subsidy s Versus Individual Returns γ after Tax 
Internalization

4 Conclusions

In this paper, positive externalities from aggregate human capital are shown to not be 
internalized by households in their investment decisions. As a result, households over-invest 
in fertility and under-invest in education for their offspring. By showing that the desired 
human capital investment levels for the social planner is higher than the household’s, an 
optimal education subsidy can be specified that will close the gap between the two parties. 
Taking it further, the cost of providing that subsidy in the economy is internalized with a 
payroll tax resulting in the new subsidy measure where initial parametric relationships all 
hold. 

There is much opportunity for further work. Firstly, the budget constraint in the second 
period could be constructed to be more realistic. Bequests can be built in, even if minimal, 
so that parents are not just financial burdens on their children when they are retired. This 
will make the model more realistic. As well, the lagged tax policy can be introduced so that 
one generation pays out to another instead of the incumbent measure. This is so that the 
same generation is not seeing a net change in income and hence the aggregate factors are 
not affected. It will also make the model more realistic. A fertility control measure can be 
introduced as part of the fertility decisions so that its effect can be studied singularly. Lastly, 
the fraction paid out to parents, θ, can also be endogenized so the productive population 
has a choice in deciding how much to pay out to their parents. Taking it further, all the 
parameters can be endogenized so that the household and social planner’s decisions each 
period can be more dynamic.
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Finally, the empirical testing of the theoretical model is what motivated this paper. This 
optimal education subsidy specification can be an important benchmark in determining the 
effectiveness of policy efforts by developing countries’ governments and aid agencies. By 
focusing on country-specific data, individualized parameters for the respective countries 
that are dynamic can be estimated, an optimal subsidy level can be determined, and its 
effectiveness can then be measured. This will require extensive micro-data on the chosen 
countries but it is certainly the next step of this project.
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1 Introduction

The “food crisis” culminating in 2008 drew much-needed attention to the causes and 
joint effects of current supply and demand pressures on agricultural commodity prices.  On 
the demand side for these products, part of the pressure can be attributed to an increasing 
global population,1 although population growth in percentage growth rates has been 
decreasing (Trostle, 2008).  Upon closer examination, it has been found that household 
incomes have increased in large developing countries such as China and India, where there 
has been great economic growth and whose combined populations compose 40 percent 

1 Global population grew by 81 million in 2007 [Stokes, 2008]. 

Global agricultural demand has been increasing rapidly, especially in recent years, as 
has the consumption capacity of many who have previously been unable to afford food 
items like meat.  Food prices have increased significantly in relation to this demand over 
the past seven years, culminating in the heightened concern about food prices.  It has also 
been hypothesized that a slowdown in agricultural growth has contributed to increases in 
these prices.  This study addresses these forces, showing that agricultural output has, in fact, 
maintained a fairly constant growth rate.  However, the rate of inputs, such as land, used 
to achieve this growth has been slowing, while investments in research and development, 
which promote the productivity of the various factors of production, have been increasing 
in their comparative contribution to propel supply-side production.   I conclude that future 
agricultural productivity growth is likely to increasingly rely on investment in agricultural 
research and development to meet the current and rising global demand, at prices affordable 
for all.

ABSTRACT
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of the world’s population (Polaski, 2008; Trostle, 2008).  Increasing prosperity in these 
regions has led to diets rich in meat and dairy products, which has contributed to recent 
increase in global demand and, in large part, a complementary rise in prices over the past 
seven years (Trostle, 2008).

Furthermore, it seems that support for increasing agricultural productivity is the crucial 
component missing to boost agricultural production to levels sufficient to match the growth 
in global agricultural commodity demand (De Lorenzo, 2008).  These investments not only 
help farmers, but also yield multiplier effects that stimulate local vendors and producers, 
and generate additional capital and employment throughout the economy (Chissano et.al, 
2002).  Whereas higher food prices may have exacerbated the challenges of food insecurity 
in many parts of the world, recent attention to these increases has illuminated chronic 
problems of food security facing the majority of developing world farmers that produce 
and consume at a subsistence level, under the radar of the high-priced international food 
markets affected by global price changes.2  Enabling a sustainable global agricultural 
supply and food security within global and domestic markets requires long-term solutions 
that will empower farmers to produce more efficiently (Paarlberg, 2008).  

Longstanding UN studies have confirmed that funds spent on agriculture are more 
effective at raising the incomes of the extremely poor than funds spent in other sectors 
(Polaski, 2008).  Not surprisingly, when developing countries are given the opportunity 
to prioritize their needs, they, too, have consistently asked for more agricultural support 
(Uphaus, 2008).  This speaks to the larger theme of underinvestment by both rich and poor 
countries toward the key underlying factors that contribute to the severity of recurring 
food security crises (GAO, 2008).  As noted in a Bread for the World Policy Institute 
background paper (Learner 2008, p.4), “the effort to reduce hunger and poverty depends on 
thoughtful investments to improve global agricultural productivity and rural infrastructure 
around the world.”  

Many have been of the same opinion as Lennart Bage, head of the International Fund for 
Agricultural Development, who held that a decline in agricultural productivity growth is 
contributing to the supply-side factors of increased food prices (Fuglie, 2008).  As noted by 
Fuglie (2008, p.2), the 2008 World Development Report similarly cites declining growth 
in grain yields in developing countries.  Finally, Trostle (8), also has observed that the 
reduced investments in agricultural research and development by the government and 
international institutions were then offset by greater private sector funding of this research 
where the emphasis was placed more on cost-reduction than yield-enhancing results, thus 
contributing to a slowdown in crop yields.

Contrary to these beliefs, the results of this study reiterate the conclusions made in the 
study by Fuglie (2008), that through an appraisal of the historical patterns of this data, 
agricultural production has not been decreasing, but has remained at a steady level of growth 
as a result of investments in agricultural research and development.  In the following, this 
conclusion is demonstrated and expanded upon to show the effective contributions of both 
these supply-side factors as well as the counteracting demand pressures that have together 
2 For example, it is estimated that the number of undernourished people in Africa is expected to triple 
by 2080 due to conditions of climate change, regardless of world market prices [Paarlberg, 2008].
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affected the historical patterns of global food prices dating from 1961 to 2006.

2 Theoretical Framework

The basic theoretical supply and demand model explaining shifts in price is also used for 
interpreting prices in this study.  Given increasing demand, prices rise, and given increases 
in supply, prices fall.  Assuming that the causes for the recent surge in food prices over the 
past seven years are no exception to this principle, a general supply and demand model 
is used in this study to interpret shifts in prices for agricultural commodities.  Shifts in 
demand can be estimated using the following equation, where P is price, θ−  is price 
elasticity of demand, and η  is income elasticity of demand:

 
ηθb GDPPQD

−= 0                                               (2.1)
Demand theory would imply that 0 < η  < 1 if food commodities are normal necessity 

goods according to Engel’s law, and θ  is less than or equal to η  implying consumers’ 
income constraints (Timmer, 1983).

Quantity supplied is specified as a production function that specifies quantity of output, 
or aggregate production, as a function of inputs.  The equation used for global agricultural 
output in this model is    
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where “L” represents land area input in hectares; 
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represents the amount of other 
factors of production such as labor, fertilizer, livestock, machinery, etc., that are used 
per input per hectare of land;  and 

τα  represents a technology shifter which captures 
improved productivity or efficiency of inputs over time (similar to the residual component 
of a typical Solow growth accounting model).  

2γ  represents the production elasticity of 
all inputs that intensify land use, or what percent change in output is generated per one 
percent change in input, such as fertilizer.3  In the long run, perfectly competitive firms will 
always produce at the minimum of the average total cost curve where profit equals 0 and 

3 This representation is determined by first stating that PQ  is equal to total output (Y) multiplied by L/L, 
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It is assumed that production evidences constant returns to scale, and so 1γ  and 2γ equal one.  Since 

1,011 0
21 ==−=+ Landγγ , L drops out of the previous equation, leaving: 
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.  This 
equation is substituted into the original assumption, which results in the production equation used in this 
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quantity of output only varies according to advances in technology and changes in input 
prices.  Thus, assuming profit-maximizing behavior, prices are embedded within farmers’ 
decisions about what amount of inputs to produce.

Taking PD QQ =  to represent equilibrium price, we set the function for quantity demanded 
equal to the production function for quantity supplied.  The equilibrium price is found by 
solving for P, demonstrated as follows:  
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The natural log of this equation for price provides the theoretical model used for this 

study,   
)ln(1)ln()ln(1)ln()ln(1)ln( 2

0 ταθθ
γ

θθ
ηb

θ
−−−+=

L
KLGDPP

            (2.6)
This specification form of the model is used for its convenient estimation properties as 

well as for the fact that the log-log estimation generally evidences the best fit for productivity 
functions.  This shows the components of changing prices in percentage terms.

2.1 Econometric Models
Two econometric models are used in this study, with the primary distinction being the 

way agricultural production is represented in each.  The first model is represented by 

      )ln()ln()ln()ln( 3210 LyieldLGDPP R δδδδ +++=       (Model 3.1)
Here, global GDP is deflated for its real value, as described later in the estimation method 

section.   Agricultural output was calculated by multiplying the relative international price 
by the number of produced commodity, and the land area component (L) measured by 
output per hectare in a cross-country study by Fuglie (2008).  Within this model, alternative 
measures of weighted land input are tested and compared before performing the final 
analysis.4  The coefficient for Lyield captures the impact of both changes in productivity 

study: 

2γ

τα 





=

L
KLQP .  Given profit maximization and competitive markets, 1γ and 2γ also equate to the 

factor shares of land inputs and all other inputs to agricultural production, respectively.
4 Of these alternative measurements, the first is a composite value index weighted according to land 
type.  Irrigated land is assigned a value of 1.5, non-irrigated land a value of 1, and pastureland a value of .5.  
The method uses no weights for a unit of land’s value, and the third excludes pastureland entirely to observe 
the effect of land used for crops (both irrigated and non-irrigated) alone.  See Appendix figure 6 for a graphi-
cal representation of these three proxies and Section B of the Appendix for a statistical comparison.
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(represented by 
)ln(1

ταθ  in the theoretical model) contributed by research, extension, 
education, infrastructure, health of natural resources, etc.  as well as changes in how 

intensely land is farmed (represented by )ln(2

L
K

θ
γ

 
in the theoretical model) through the use 

of more labor, fertilizer, irrigation, machines, seeds, input prices, output prices, technology, 
institutions, and infrastructure that all affect the productivity of the land.  

In the second model, global agricultural commodity prices are given by the following:  

)ln()ln()ln()ln( 2310 indexTFPindexXGDPP R δδδδ +++=                (Model 3.2)
Here, global GDP is deflated for its real value as done for Model 3.1, but agricultural 

output is represented with index input data from Fuglie’s cross-country study (2008).5  In 
this equation, variable “Xindex” includes all inputs for agricultural output including not 
only land, but also the factors of land, labor, fertilizer, irrigation, machines, and seed that 
were considered a component of the growth in land yield through more intense use of 

inputs per hectare of land in the previous model (represented by )ln(2

L
K

θ
γ ).  By grouping the 

variables in this way, the coefficient for the variable “TFPindex” can effectively be isolated 
to represent solely the percentage changes in factors of the increased productivity of all of 
these components that is largely attributed to research, extension, infrastructure, health of 

natural resources, etc. (again, as represented by )ln(1
ταθ

 in the original theoretical model).  
According to economic theory, we would expect to see that increased quantity demanded 

leads to higher equilibrium prices, and increased productivity or inputs invested would lead 
to higher equilibrium prices.  Therefore, the signs of the corresponding coefficients of the 
estimation results for both econometric models performed in this study would imply that 
the results for these coefficients support the following relationships: 

1. 01 >=
θ
ηδ , indicating that increasing GDP is directly associated with increasing price.

2. 01
2 <=

θ
δ , indicating that increasing input is inversely related to price.

5 The index created by Fuglie takes into account all input factors ( FMCLA ααααα ,,,, ) including 
labor, fertilizer, machinery, and livestock, in addition to land.  Total Factor Productivity (TFP) is then the 
name given to account for the fact that this measure of productivity is applied across all factors as they were 
aggregated into a global composite index, where the error term,e , represents TFP.  The following equation 

demonstrates this second approach: eααααα
αααααeααααα

+++++=
=++++=

)ln()ln()ln()ln()ln(ln
1,exp

FMCLAY
whereFMCLAY

FMCLA

FMCLAt
FMCLA

The estimated coefficients FMCLA ααααα ,,,,  were added up to form the index of all factors used in 
the study.  In the regressions run, this index is the “Xindex;” the aggregated output (Y) number values are 
assigned the variable name “Yindex;” and “TFPindex” is the difference between these two, as it was the case 
with “Lyield” in the first equation.  Both of these measures of supply are nonparametric estimations.  
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3. 03 <=
θ
γδ , indicating that increasing yield or productivity of inputs is inversely related 

  to price.

3 Estimation Method

The method of estimation for the model is generalized least squares (GLS) due to the 
fact that the assumption of autocorrelation is violated.  The data used to estimate the model 
has been taken from a panel time series dataset from years 1961 to 2006.  Agricultural 
commodity nominal prices were aggregated into both arithmetic and geometric composite 
indices and deflated to account for inflation by four measures – the Manufacturing Unit 
Value index, U.S. Gross Domestic Product Index, a World Bank index, and the Purchase 
Power Parity index.  The World Bank’s global GDP statistics were also individually deflated 
according to these four indices, and all agricultural output data were obtained from the 
UN’s Food and Agriculture Organization and a study performed by Fuglie (2007).  In this 
section, the way in which commodity prices and GDP variables within the model were 
calculated, aggregated, and deflated is explained in greater detail.

Aggregated agricultural commodity prices were taken from Grille and Yang’s study of 
24 primary commodity prices, published in 1988.  Their index is known for being one 
of the most widely appraised sources for commodity prices series in the field of applied 
economics. (Pfaffenzeller et al., 2007)  Since Grille and Yang’s publication, the dataset has 
been updated using the World Bank’s Development Prospects Group’s primary commodity 
price database, the IMF commodity price tables, and the Organization for Economic 
Cooperation and Development (OECD) international trade by commodities statistics.  
Of the 24 primary commodity prices (accounting for 54 percent of primary commodity 
trade in the index reference period 1977-1979), only the 16 agriculture food and nonfood 
primary commodities are included for the purposes of this study.  These are bananas, beef, 
cocoa, coffee, lamb, maize, palm oil, rice, sugar, tea, wheat, cotton, hides, jute, rubber, and 
wool, and exclude tobacco, timber, and metals from Grilli and Yang’s original study.  The 
included commodities were all given weights based on their average export share during 
the 1977-1979 base period and since only a subset of the data is being used, adjusted 
weights were given to the agriculture food and nonfood primary commodities.  Units of 
these measurements are in nominal US dollars.

There were two ways the commodity prices were aggregated into a composite price 
index for this study.  (Pfaffenzeller et al., 2007)  The first is an arithmetic composite price 

index (ACPI), where 
∑
=

=
16

1
,

i
tiit PaACPI

, and the second is a geometric composite price 

index (GCPI), suggested by Cuddington and Wei (1992), where ∏
=

=
16

1
,

i

a
tit
iPGCPI .  In these 

equations, ia  is the appropriate commodity weight and tiP ,  is commodity i’s price in period 
t indexed to its 1977-1979 average (Pfaffenzeller et al., 2007).

To account for inflation of prices over time, the arithmetic and geometric price indices 
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were deflated by four alternative indices and compared in this study prior to final analyses.  
The first, the index Pfaffenzeller et al. (2007) employs, is the only one dating as early as 
1900, called the Manufacturing Unit Value (MUV) index.  It is a trade-weighted index of 
the five major developed countries’ exports of manufactured commodities to developing 
countries, used by the World Bank.  It is used based on the assumption that developing 
countries’ exports are generally representative of developing country imports.  This is 
a rather strong assumption, but this index is the only trade-based manufacturing price 
measure that spans an elongated time horizon for these commodities.  Since we are only 
looking at data since 1960, this may contribute to why use of the MUV deflator yielded less 
representative results than the other three deflators employed.

The second price deflator for price is an index measure of U.S. Gross Domestic Product 
(GDP) by the department of Commerce’s Bureau of Economic Affairs. This is an index 
created by the US based on their weighted value of commodities produced as they are 
valued by their importation and exportation.  And the last two price deflators were derived 
from data given for Constant and Current GDP measurements of the World Bank.  The first 
is a world GDP deflator given in U.S. dollars.  It is a price index that accounts for all goods 
that are traded internationally, not just manufactured goods, as based on current exchange 
rates.  It was derived by dividing the current GDP by the constant GDP given in US dollars.  
The second deflator obtained from the World Bank is given in international dollars, and 
only available for the years 1980 and following.  It additionally accounts for the amount of 
production that is domestically consumed and therefore is not measured by any trade based 
weighted currency valuation of goods and service.  This index yields almost a synonymous 
index to that of the weighted index of the U.S. GDP indicator.

Four measurements for GDP were used to match the four deflated commodity price 
indices.  Data were obtained for the years 1961 to 2006 for world population, global GDP 
in current millions of US dollars, and global GDP in millions of constant 2000 US dollars 
from World Bank WDI Online.  The World Bank’s measurement of constant GDP was not 
only used, but also their current GDP in millions of US dollars.  This value was deflated 
by both the MUV and USGDP indicators used for adjusting price for inflation to obtain 
measures that could be properly regressed as paired with the comparative adjusted real 
price values.  The World Bank also provided global GDP measured in millions of current 
and constant 2005 international dollars for the years 1980 to 2006.  This measurement was 
obtained by using purchase power parity (PPP).  Therefore, current GDP was converted to 
constant GDP by WB, MUV, USGDP, and PPP adjustments.

Agricultural Output data were obtained from the FAO’s agricultural production data 
series and the methods used for their use within this study are described in detail within the 
previous section concerning the econometric models used.

4 Variable Descriptions

The following summarizes the variable names given for the data used in the results 
section of this study.  Datasets are available upon request. 
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PgUSGDP: The Geometric Composite Price of 16 Agriculture Commodities deflated 
with USGDP * 100

GDPusgdp: Global Demand (GDP) deflated with USGDP * 100
Y:  FAO’s relative international price * number produced 
L: An index of all land input in number of hectares
Lyield: An index of the productivity of land as encompassing changes in how intensely 

land is farmed through the use of more labor, fertilizer, irrigation, machines, seeds, 
input prices, output prices, technology, institutions, and infrastructure that all affect how 
productive the land is, as well as changes in total factor productivity contributed by research, 
extension, education, infrastructure, and health of natural resources, etc. 

Xindex: An aggregated index of all inputs of production including land, labor, labor, 
fertilizer, machinery, livestock, buildings, inventories, seed, feed, fuel, pesticides, and 
herbicides, etc., as well as the factors that can increase the land’s output through more 
intense use of these items which takes into account increases in technology like irrigation, 
input and output prices, institutions, and infrastructure. 

TFP: an index that models productivity growth as the additional value created beyond 
increase in amount of land or cultivation by means of adding more inputs. This is the 
measure found most representative of investments made for research & development 
expenditures leading to advances in technology, although it also includes advances made 
by extension work, education, infrastructure, health of natural resources, etc.

5 Results

Preliminary results-based explorations were used to select the un-weighted land value 
variable for hectares of land, use of the geometric price aggregation, and the USGDP 
deflator for Price and GDP within the econometric models of the study.  The summary of 
these results is available upon request.   The two econometric models used for analysis are 
provided here again for reference:

(3.1) )ln()ln()ln()ln( 2310 yieldLLGDPP R δδδδ +++=

where GDP is deflated for its real value, L is land input, and Lyield is the growth in yield 
per unit of land.

(3.2) )ln()ln()ln()ln( 2310 indexTFPindexXGDPP R δδδδ +++=

where GDP is deflated for its real value, Xindex is an aggregate of factor inputs, and 
TFPindex is total factor productivity. 

The results listed for both of the equations in turn are given using the USGDP deflator 
and the geometric aggregation of price.  The estimation coefficients for the equation 
models 3.1 and 3.2 are given in Table1 and t-statistics are listed in the cells to the right of 
the coefficients they reflect.
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Table 1: Estimation Coefficients for Equation Model 3.1 and 3.2
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R-squared

Elasticity wrt GDPusgdp 1.503462 4.95

Elasticity wrt Land -3.254589 -3.52

Elasticity wrt Lyeild -3.884358 -8.75

R-squared 0.8169

lnPgUSGDP T-Statistic
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Elasticity wrt GDPusgdp 1.98936 10.33

Elasticity wrt Land -19.30812 -6.46

Elasticity wrt Lyeild -2.563694 -6.48

R-squared 0.8879

lnPgUSGDP T-Statistic

All of the coefficients were significant, with t-statistics greater than the absolute value 
of 2.  Finally, the coefficient signs demonstrate the conclusions expected in relation to 
theoretical economics set out in section two:

1. 01 >=
θ
ηδ , indicating that increasing GDP is directly associated with increasing price

2. 01
2 <=

θ
δ , indicating that increasing yield or productivity of inputs is inversely related 

  to price, and 

3. 03 <=
θ
γδ , indicating that increasing input is inversely related to price.

The Durbin-Watson post-estimation test was used to test for autocorrelation within the 
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results, which yielded statistics for both estimated equations that showed autocorrelation 
was a factor.  The results of the first difference regression showed that the estimated 
parameters were sensitive to how autocorrelation was tested.  The full results of this test and 
the effects of the correction made with a first difference regression could not be included 
in this draft due to page limitations. However, even though this lowered the strength of 
the results for all estimated elasticities, similar coefficients and the same positive/negative 
relations between variables that were expected within the hypotheses were maintained.

5.1 Estimations and Forecasts
The following are the predicted value estimations for the global agricultural commodity 

price models, given the geometric price aggregation and listed first according to the USGDP 
deflator:

(3.1) )ln(56.2)ln(31.19)ln(99.158.149)ln( LyieldLGDPusgdpPgUSGDP −−+=
(3.2) )ln(25.3)ln(88.3)ln(50.133.12)ln( XindexTFPindexGDPusgdpPgUSGDP −−+=
The close correspondence of the predicted values of this estimation to the actual 

values of price shows that the model has strong explanatory power, which coincides with 
its R-squared value of .89 and t-statistics all far greater than the absolute value of two.  
This equation also captures the recent rise in prices of the approximate past seven years 
especially well.

One of the first things that can be noted about the data is the amount of price fluctuation 
that takes place on a normal basis from year to year.  Food prices are volatile because supply 
and demand respond slowly to changes in price (Polaski, 2008).  To observe the elements 
composing some of these more general trends, the averages of five time frames within the 
data sample are taken from years 1961 to 2006.6  This allows for the proportional shifts 
and interplay of the components of supply and demand in their respective contributions to 
the rise and fall of food prices over the past 45 years to be observed.  In Table 2, the results 
of Model 3.1 and 3.2 are displayed as they are broken down with these five time period 
averages, including variables affecting price, GDP and Agricultural Output (Y), as well as 
shifts in land inputs, land yield, total inputs (X), and total factor productivity (TFP).

6 Segments were created through the following method.  Given the first time segment, 1962-1971:
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Table 2: Percentage Change over 10-Year Time Periods, All Variables in Model 3.1 and 3.2

Summarized in the first column of the above chart are the grouped shifts, increasing 
or decreasing over each time period, for prices of agricultural commodities.  Moving to 
the right, the columns GDP and Y represent the aggregate supply and demand factors 
affecting price, supply given as one coherent whole (the sum of both “Land” and “Lyield” 
as well as the sum of “X” and “TFP” percentages).  It can be noted that by adding both the 
positive demand value and the negative supply values together and accounting for residual 
effect, the result closely corresponds with the resulting positive or negative change in price 
within each time segment.  Given the first two columns alone, it can be noted that whereas 
agriculturally based food prices have fluctuated throughout the past four to five decades, 
prices have seen a definite increase of an average 5.94 percent from 2002 to 2006.  It has 
also been documented that in the two years following 2006, these prices have continued 
to rise, reaching historic highs more of more than 60 percent of the 2006 levels (Trostle, 
2008).

The most recent 5.91 percent upsurge in GDP given in the results is a positive change 
higher than any of the previous time periods. This most influential factor explaining, 
particularly, the recent surge in prices, is elucidated through a comparison of the rate of 
GDP growth in millions of dollars and population growth rate in billions.  Analysis of 
this trend, available by request, reveals that whereas population provides evidence for a 
relatively constant growth rate; growth in GDP has been increasing greatly in proportion.  

 The spike of global GDP, then, does not implicate a population explosion as much as 
it makes clear the importance of the large percentage of population among the billions 
living in largely underdeveloped nations who are emerging from poverty to gain increasing 
access to markets and adding to the consumption strains upon overall agricultural produce.  
This has taken place on the largest scale in the newly industrialized countries such as 
India and China, whose populations increasingly demand grain-intensive foods, such as 
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meat, as the people are pulled out of poverty because of income increases.  Given that this 
type of commodity rests higher on the agricultural food chain, a much larger amount of 
agricultural produce in the form of nutrition is needed for their feed.  As more countries 
progress toward development, these numbers can only be expected to continue rising, 
possibly at dramatic levels.

Shifting attention back to the supply side, or the means to address these needs, the last 
two subsets of columns found in Table 2 represent the factor shares isolated within the 
econometric models of total agricultural production (Y) examined in this study.  The first 
subset represents econometric Model 3.1, showing the changes over time in the use of land 
(L) and the productivity of the land used (Lyield).  The change in sign for land inputs during 
the average data from 2002 to 2006 (falling to a negative percent growth of .05 percent in 
Table 2) shows that land availability is in decline, despite the greater productivity which 
can be gained by using more land instead of increasing productivity observed in our study.  
For example, a small percentage of the world’s agricultural land has been converted to 
nonagricultural uses every year for decades (Trostle, 2008). Furthermore, as Eric Munoz 
(2008, 6) of Bread for the World Policy Institute has stated, “smallholder farmers should not 
have to respond to the current food crisis by farming marginal land and ecologically sensitive 
areas.” As can be gathered from this emerging picture, increasing land productivity, not 
additional land, has constituted the primary means for the maintenance of current positive 
growth rates of agricultural production.

Finally, in the last subset of columns in Table 2, X and TFP represent the approach 
taken in the econometric Model 3.2 of this study as an alternative means to interpreting 
shifting levels of supply-side production within the basic supply and demand function. 
Here, TFP accounts for the contributions from increased productivity given by more intense 
output per given unit of fertilizer, machinery, labor, livestock, and land.  Therefore, TFP 
is a time-lagged indicator of the amount of investment put into research and development 
of technological advance in these areas that is accounting for the shifting components 
maintaining the level of agricultural output.  These coefficients show the trend taking place 
since 1962 has been a move away from increasing intensity of input use (X) toward a 
reliance on the benefits accrued through total factor productivity gains primarily propelled 
by research and development efforts (K. Fuglie, personal communication).  Whereas 
global agricultural supply (Y) has remained fairly constant overall in the face of increasing 
demand, contributing a relatively steady average growth of 2 percent per year to keep 
prices low, the gains made from TFP increased 47 percent from 1962 to 2001 alone to 
account for up to three-fourths of the production of global agricultural output.7

The percentage of total output contributed by TFP is even more pronounced if one is to 
look at the agricultural output from a developed country such as the United States where 
TFP has been the sole contributor to maintaining growth in total output, and input use has 

7 In terms of percentages, X contributed roughly 71 percent of a factor share toward global supply 
from 1962 to 1971 which proceeded to drop to 37 percent between 2002-2006.  And conversely, TFP only 
accounted for 29 percent of agricultural supply from 1962 to 1971, but this percentage increased to 76 percent 
in the period between 1992 to 2001, and has only in the most recent period tapered off to its factor share of 
63 percent during the years from 2002-2006.
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come to plateau and decrease in a study dating from 1948 (Fuglie et al., 2007).  Fuglie has 
also noted that in developing countries of Sub-Saharan Africa, the Caribbean, and Oceania 
where there has been a lack of investment in increased productivity and continued reliance 
upon expanded use of existing resources, these countries have also evidenced very poorly 
performing agricultural sectors (2008). 

6 Conclusions

In summary, this study has shown that global population and particularly consumption 
capacity for agricultural goods has been, and may only be anticipated to continue rising as 
the income level of many within the Global South emerge from incomes of less than one 
dollar a day.  In seven of the eight years since 2000, global consumption of aggregate food 
commodities has exceeded production (Trostle, 2008).  But whereas the available land left 
to farm has become scarce, there have been successes in both the intensity of land-use and 
total factor productivity (TFP) as the result of improving agriculture production technology.  
These contributions of increased productivity per quantity of input have managed to result 
in growth resembling an exponential rate of output, as compared to a logarithmic shaped 
curve of output given by levels of agricultural inputs alone. 

During the period from 1982-2001 in this study, this level of agricultural production 
sufficiently met a slowing global GDP income-level as shown by percent decreases in 
equilibrium food prices during that period.  However, the rapidly increasing incomes 
evidenced by the global population during approximately the past seven years warn that 
prices may continue to rise if production is not augmented to meet the rising rates of 
consumption.  These studies show that agricultural growth has not been decreasing, and 
therefore cannot be said to be contributing to the rise in global food prices.  Furthermore, 
increased productivity of land and other factors used in production have been making up 
for a decline in the use of more agricultural inputs to maintain the levels of agricultural 
growth over the past 45 years.

Bob Zeigler of the International Rice Research Institute has come to the conclusion that 
increasing crop yields requires better irrigation and “fancier seeds,” in addition to added 
inputs of fertilizer or new machinery.  But he also points out that the time lag between 
dreaming up a new seed and growing it commercially in the field is ten to fifteen years 
(The Economist, 4/19/08).  The recent tapering off of TFP from 2002 to 2006 may speak to 
the underinvestment by the international donor community that has been taking place for a 
significant period of time. If the requisite long-term decisions are made, these conclusions 
support the finding that funding for agricultural productivity research and development 
may be the most important way to address the food security concerns of today, reduce the 
numbers of those living in extreme poverty, and see that the prices of the agricultural goods 
basic to human survival are controlled at levels affordable to all.
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7 Limitations and Areas for Further Research

These representations of global food prices do not take into account the simultaneous 
effects of modeling both supply and demand as separate equations, and could be improved 
by accounting for variables as agricultural input (X) as a function of fertilizer and machine 
prices, consumer demand (as a function of expected future prices) which affects the 
amount of inputs farmers choose to use, and the time lag effect of investments made in 
research and development captured within the TFP index.  Finally, trade policy, export 
bans, and environmental factors such as drought that greatly affect global measures of food 
production, are also not specifically modeled for their effects within the models used in 
this study.

Continued studies could attempt a measurement of price that updates Grilli and Yang’s 
commodity price series in a way that accounts for global production instead of a commodity 
trade-based weighting system.  The IMF’s Global Agricultural Price Index as deflated by 
the Producer Price Index (PPI) is one source that could be alternatively used for example.  
Using such a measure would correct for discrepancies arising in cases such as coffee trade 
that are highly weighted in terms of its trade, but only compose a very small percentage of 
the respective production of all agricultural goods performed in actuality. 

Finally, more exploration as to the right roles of the public and private sectors in regards 
to enhancing research and development in both developed and less developed contexts is 
a natural subsequent study to the implications this study proposes.  Policies specialized to 
each country’s specific needs are critical, and questions such as who is best suited to perform 
what kind of supplement to productivity growth, how the public sector can facilitate the 
incentives that already exist for the private sector, and what are proposed ways to provide 
these where they are lacking are questions that have yet to be fully answered. 
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reaL excHanGe rate voLatiLity and 
ForeiGn direct investMent: 

does tHe Measure Matter? 

William Kafoure
The George Washington University

This paper studies the role of the volatility measure when empirically examining real 
exchange rate volatility and foreign direct investment (FDI).  In an OLS estimation of 
FDI, coefficients of volatility calculated by two measures - a conditional variance measure 
(GARCH) and an unconditional variance measure (rolling variance) – are compared. 
Evidence from six countries suggests that the empirical relationship between real exchange 
rate volatility and FDI depends significantly on the volatility measure used.

ABSTRACT

1 Introduction

In the post-Bretton Woods era of international capital mobility, internal and external eco-
nomic shocks can create variability in foreign direct investment (FDI) flows.  This paper 
examines the effect that real exchange rate volatility, in particular, has on FDI inflows in 
six countries.  First, the literature review summarizes the theory linking real exchange rate 
volatility to FDI and then discusses how empirical methods are used to measure this ef-
fect.  A particular empirical methodology – first used in Chowdhury and Weeler (2008) - is 
then used to study the volatility variable coefficient in FDI OLS equations for the US, UK, 
Canada, Japan, Australia, and South Korea.  This paper examines a set of volatility sign 
and significance assumptions regarding two volatility measures with different variance 
conditionality: one unconditional variance measure (rolling variance) and one conditional 
variance measure (GARCH).  This methodology seeks to determine how real exchange 
rate volatility explains variation in FDI inflows under two different mathematical defini-
tions of volatility.   

2 Literature 

2.1 Theoretical Literature
Foreign direct investment (FDI) is often used as a key statistic to evaluate the extent of 

economic globalization (OECD 1999). Multinational firms invest in foreign companies in 
search of more profitable overseas production facilities and markets.  Producing abroad 



WILLIAM KAFOURE 371

allows firms to capitalize on lower input and labor costs, to expand production proximity 
to the local market, and to diversify risk internationally (Aizenman, 1992).  Given these 
benefits of FDI to multinational firms, FDI has increased at a faster rate than most other 
international transactions, such as international trade (Blonigen, 2005).  

 In addition to being profitable for multinational firms, FDI is an important international 
capital flow that contributes to the economic growth of the FDI inflow country.  FDI financ-
es economic development by lessening the financial constraints of inflow country firms, 
as well as cross-border technology transfer, in theory, increasing employment and output 
in the sector of capital inflow. FDI also enhances economic growth and reduces poverty in 
developing countries by providing foreign capital (Nunnenkamp, 2004).  

According to the OECD (1996), FDI is a long term investment of, at a minimum, 10% 
in the ordinary shares of a foreign entity.  The most common forms of FDI include parent 
company investments in foreign subsidiaries, associate companies, and branches.  Some 
other forms of FDI include cross-border mergers, acquisitions, and private equity stakes.  
A minimum investment of 10% implicates that the foreign direct investor purchases a sig-
nificant degree of influence on the management of the target entity.  The long term nature 
and management control gained through FDI distinguish it from short term capital flows, 
which have no controlling ownership or term condition. 

Given the importance of studying FDI variability, this paper focuses on shocks to FDI 
determinants.  Macroeconomic determinants of FDI include real GDP, domestic and for-
eign interest rates, the level of economic openness, the exchange rate level, and inflation.  
In this paper, real exchange rate volatility is the variable of interest. Real exchange rate 
volatility is defined, broadly, as the degree to which the real exchange rate varies over time 
and, statistically, as the variance of a real exchange rate time series.

Theoretically, the relationship between exchange rate volatility and FDI is unclear.  Ac-
cording to Esquivel and Larrain (2002), exchange rate volatility will affect FDI through 
two channels: the currency risk effect or the relative wealth effect.  Currency risk is the 
probability of a negative wealth shock to an investor’s wealth in foreign investments from 
currency depreciation.  According to this theory, exchange rate volatility complicates the 
decision of international firms by creating uncertainty in the profitability of existing and 
future foreign investments and in foreign currency denominated liabilities (Chowdhury 
and Wheeler, 2008).  Not only can volatile real exchange rates cause uncertainty in the ef-
fective cost of capital in foreign investments, but can create uncertainty in the real wages 
required for current and future production.  Also, real exchange rate uncertainty can lead 
to changing terms of trade, reducing demand, and affecting future expected cash flows.  
Potential investors will invest in a foreign country if the expected rate of return exceeds the 
currency risk.  In this case, FDI and exchange rate volatility correlate inversely.   

However, exchange rate volatility does not always reduce FDI inflows, as sustained 
exchange rate trends will create opportunities for firms to produce at lower cost in other 
countries and to export on more favorable terms of trade (Cushman, 1985; Goldberg and 
Kolstad, 1995).  If absolute purchasing power parity (PPP) holds, exchange rate move-
ments have insignificant effects on FDI.  Under the condition of PPP, the nominal exchange 
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rate equals the relative price level between the domestic and foreign country, where e=Pd/
Pf.

1   If the exchange rate adjusts to this relative price in the short run there is no long-run 
difference in the price level between countries, eliminating the opportunity for a multina-
tional corporation to produce at lower cost overseas or to export at favorable terms of trade.  
PPP, though, does not hold in all periods, especially in the short run (Rogoff, 1983).  With-
out a PPP alignment, exchange rate volatility can affect a firm’s competitiveness abroad by 
creating opportunities to produce at lower cost in the foreign country, among other advan-
tages. A depreciating local currency increases the relative wealth of foreign firms operating 
in imperfect capital markets, which may then increase the level of aggregate FDI.  In this 
case, investors speculate on currency volatility, anticipating greater profits in current and 
future investments by means of lower operating costs. Also, in the presence of a volatile 
exchange rate, FDI may be a substitute for exports.  If, on the other hand, the objective of 
FDI is for re-export, the theoretical outcome is again unclear, as both the currency risk and 
wealth effects apply once more. 

In short, exchange rate volatility can increase FDI through the positive wealth effect or 
decrease FDI through the currency risk effect.  Because there is no theoretical consensus, 
there exists a fair amount of empirical research on this topic.

2.2 Empirical Literature
Just as the theoretical literature yields inconclusive results, the empirical literature also 

does not present a clear consensus on the relationship between real exchange rate volatility 
and FDI. As shown in Table I, seminal articles on exchange rate volatility and FDI have 
found positive, negative, and insignificant links.  

Table 1: Empirical Literature Summary (Lee, 2005)
FDI Determinant Positive Negative Insignificant
Exchange Rate Vola-
tility

Cushman (1998)
Goldberg and Kolstad 
(1995)
Kogut and Vanhulle 
(1992)

Crowley & Lee (2003)
Amuedo-Dorantes & 
Pozo (2001)
Chowdhury and 
Wheeler (2008)

Baily and Tavlas (1988)
Campa & Goldberg (1995)
Goldberg (1993)
Esquivel & Larrain (2002)

Attributed to this variety of outcomes are experimental design factors, such as the sta-
tistical model that is used or the country that is studied (Mckenzie, 1999).  However, Am-
uedo-Dorantes and Pozo (2001) offer a methodological explanation for this ambiguity in 
findings.  They find that the measure used to calculate time series volatility determines the 
volatility coefficient’s sign and significance in models where FDI is a dependent variable.  
In particular, the behavior of FDI to exchange rate volatility differs by the measures’ as-
sumptions on variance conditionality.  They demonstrate this by comparing two volatility 
measures.  Both measures, the unconditional and conditional variance measures, are de-
scribed next.     

1 Where e is the nominal exchange rate, P is the price level in the domestic (d) and foreign (f) country.  
Note that when PPP holds, the real exchange rate is equal to one.
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The unconditional variance measure has been used more frequently than the conditional 
measure in the literature involving exchange rate data (Amuedo-Dorantes and Pozo, 2001).  
This measure measures volatility by calculating the variance of the log difference of the 
exchange rate over a moving time series window (subperiod). This paper utilizes the un-
conditional variance formula from Rajan et. al, (2004).  Rajan uses one year and five year 
subperiods to account for volatility in the short run and long run, respectively.  This process 
is expressed mathematically, where E is the real exchange rate level at time t, H is volatility 
or (variance), σ2, of E, and n is the number of time series data points in each subperiod.
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This process calculates the variance of the future exchange rate as an equally weighted 

average of the time series variance in each subperiod.  This measure assumes that the vari-
ance of tomorrow’s exchange rate is an equally weighted average of the squared residuals 
from the last four quarters (for the one year subperiod) or the last twenty quarters (for the 
five year subperiod).2   In other words, the unconditional measure finds the average volatil-
ity level over a backward looking time period.

Investors, in this measure, react to average volatility of the exchange rate, which is 
calculated ad hoc (Ruiz and Pozo, 2008).3  It assumes that agents forecast future variance 
with average past volatility. This time-invariant measure has the attractive property that it 
will equal zero when there is a constant exchange rate trend.  This property is justified by 
the ability of investors to hedge against exchange rate risk by using forward exchange rate 
contracts in developed financial markets.4 

Historically, the conditional measure of volatility has been used less frequently than 
the unconditional measure, but is currently more prevalently used in research involving 
exchange rate volatility.  This measure of volatility is the generalized autoregressive con-
ditional heteroskedastic (GARCH) process (Bollerslev, 1986). Unlike the unconditional 
variance measure that finds the average volatility of a time series, GARCH provides the un-
expected variability in the exchange rate level relative to its predicted value.  The simplest 
form of the conditional measure, GARCH(1,1), is specified here, as used in Chowdhury 
and Wheeler (2008).  First, the conditional mean equation is defined using the Autoregres-
sive Integrated Moving Average (ARIMA) method: 

 (2)  

Exchange rate uncertainty in equation (2) is the variance of the residuals.  Error in 
GARCH is assumed to be normally distributed with a mean of zero and heteroskedastic, or 
time varying, variance:
2 Using quarterly data, n=4 yields a one year subperiod and n=20 yields a five year subperiod
3 Note that this measure assigns zero weights to data that occurred before the subperiod.
4 Rajan (2001) notes that most markets of developing country currencies do not offer forward foreign 
exchange contracts.
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(3)  

The GARCH(1,1) model forecasts the variance of the exchange rate, Ht, as a weighted 
average of a constant,  , the previous period’s forecast variance, , and the previous 
period’s squared error,  : 

(4)  

Since  is the one-period ahead forecast variance based on past information, it is called 
the conditional variance because it is the forecast of uncertainty based on available infor-
mation.5   The weighted average property is based on theory that more recent events should 
be weighted more heavily (Engle, 2006).  According to Bollerslev (1986), “this corre-
sponds to some sort of adaptive learning mechanism” (308).  

The additional benefit of this technique is to control for data problems endemic to finan-
cial time series data.  Frequently present in exchange rate time series, some periods of high-
er uncertainty (error) are not randomly scattered which, in turn, create clusters of volatility, 
or time-varying heteroskedasticity.  As described by Floros (2008), “Volatility clustering 
can be thought of as clustering of the variance of the error term over time… unconditional 
standard deviations are not constant” (62). GARCH proponents cite the measure’s ability 
to compensate for these common tendencies of financial time series data (Engle, 2001).  
To address these data issues, GARCH uses an autoregressive feedback mechanism that 
compensates for volatility clusters that includes past variances in the explanation of future 
variances. 

Despite its advantages, GARCH exhibits some weaknesses.  GARCH generates pre-
dicted values of exchange rates and the forecast errors thereof (McKenzie, 1999).  Al-
though it is convenient to assume that the efficient markets hypothesis holds for foreign 
exchange markets, Meese and Rogoff (1983) demonstrate that predicting exchange rates is 
difficult and highly imperfect.  Additionally, Hanson and Hodrick (1981) demonstrate that 
the efficient markets hypothesis fails empirically for the US dollar against other curren-
cies.  Examining seven US dollar exchange rates, including those with the British pound, 
Japanese yen, and Canadian dollar, the authors demonstrate that forward exchange rates 
serve as poor estimators of future spot exchange rates.  Thus, modeling investor’s forecasts 
of future volatility undertakes significant assumptions of exchange rate risk assessment.  
Validating the lack of consensus regarding volatility measures, the IMF uses GARCH only 
as an alternative measure of volatility in its 2004 study on exchange rate volatility and trade 
(Rajan et. al., 2004).  Furthermore, it is important to note that there is no generally accepted 
model for measuring exchange rate volatility (Rajan et. al., 2004), and no one measure of 
volatility is considered superior to another (McKenzie, 1999).  In fact, over nine measures 
of volatility have been used in exchange rate related research since 1985.  
5 Engle (2001) describes the unconditional measure as the first generation of the ARCH/GARCH 
model.  GARCH evolves from equally weighted variances from the unconditional measure to a weighted 
error and variance terms.    
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This paper focuses not on the merits of volatility measures, but rather on the role of the 
volatility measure itself in determining the empirical relationship between real exchange 
rate volatility and FDI.  Amuedo-Dorantes and Pozo (2001) use an OLS model where a 
dependent FDI variable is estimated by only the exchange rate level and exchange rate 
volatility.  They find that (1) the unconditional variance measure (with one-year subpe-
riod) produces a positive and non-significant relationship volatility coefficient and (2) that 
the conditional variance measure (GARCH) produces a negative and significant volatility 
coefficient.  Amuedo-Dorantes and Pozo (2001) explain this assumption by asserting that 
the conditional measure more accurately reflects real exchange rate volatility, a procedure 
which reveals an inverse relationship with FDI.  They espouse the theory that higher vola-
tility of the real exchange rate should diminish FDI and attribute the empirical discrepancy 
to the volatility measure itself.  

Table 2: Assumptions of Real Exchange Rate Volatility with FDI under Different Volatility 
Measures (Amuedo-Dorantes and Pozo, 2001)
Volatility Measure Predicted Significance of Coef-

ficient with FDI
Predicted Sign of Coefficient 
with FDI

Unconditional (1 year) Insignificant Positive
Conditional Significant Negative

Despite this important finding, the model, with only two determinants of inward FDI 
flows, may lend itself to omitted variable bias, and the use of only a one year unconditional 
volatility measure could be considered a narrow perspective of volatility when compared 
to benchmark measures in other literature, such as Rajan et. al. (2004).  A methodology is 
now introduced to compensate for these two observations.

3 Methodology

This paper tests the assumptions of the two volatility measures made by Amuedo-Doran-
tes and Pozo (2001) with respect to real exchange rate volatility shocks to FDI. To do this, 
the model and results of Chowdhury and Wheeler (2008) are utilized.  Chowdhury and 
Wheeler use GARCH(1,1) to calculate volatility when examining exchange rate volatility 
shocks to FDI in Canada, Japan, the UK, and the US from 1972:Q1 to 2005:Q3. In their 
analysis they use a single equation error correction OLS model here in simplified form with 
the following determinants of FDI:6    

(5)  FDI/GDP = f(I, H(C), Y, P, E)

For a given country, FDI is inward FDI flows, GDP is nominal GDP, I is the long term 
interest rate, H(C) is the volatility of the real effective exchange rate as measured by the 
6 This model is specified by Amuedo-Dorantes and Pozo (2001).  Chowdhury and Wheeler (2008) 
alternatively use a VAR model and Impulse Response Functions in addition to the single error equation OLS 
model.  This paper does not cover the VAR model or the Impulse Response Functions.   
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conditional measure (4), Y is the real GDP of the inflow country, P is the GDP deflator 
measure of price level, and E is the level of the real effective exchange rate.  

In their OLS model with variables from (5), Chowdhury and Wheeler (2008) find the 
relationship between exchange rate volatility and FDI, the coefficient of H(C), to be nega-
tive in all four countries and significant in all countries with the exception of the UK.  
These results are nearly all consistent with the volatility predictions of Amuedo-Dorantes 
and Pozo (2001) in the presence of other FDI determinants.  Thus, this data set provides an 
opportunity to compare the outcomes using the conditional volatility measure against out-
comes using the unconditional volatility measure.  Instead of using conditional volatility 
like Chowdhury and Wheeler (2008), this study examines the outcomes of these variables 
using the unconditional volatility with two time horizons. 

The model used in this paper is as follows:

(6) FDIt/GDPt = a0 + a1It + a2Et + a3H(U)t + a4Pt + a5Yt + u

Equation (6) includes the same variables as equation (5), but volatility here is calcu-
lated by the unconditional variance measure (1), or H(U), rather than conditional volatility, 
H(C).  The key adjustment to the model is to test for the short-run and long-run effects 
of unconditional real exchange rate volatility in an OLS setting, an outcome unexplored 
neither in Chowdhury and Wheeler’s OLS model (2008) or even in Amuedo-Dorantes 
and Pozo (2001), where the volatility measure assumptions explored here are formulated.  
Thus, a short-run and long-run breakdown of H(U) could prove insightful.  Finally, this 
study expands the country set from the US, Canada, Japan, and the UK to also include Aus-
tralia and South Korea.  If H(U) is significant and/or negative in either time horizon (short 
run or long run), this result would contrast with the assumptions in Table 2.  In the context 
of these volatility assumptions, the regressions could confirm the ambiguity in results or 
offer conclusions on the behavior of FDI to exchange rate volatility.  The expected signs of 
other FDI determinants in the model and the data set are discussed next.  

3.1 Real GDP (Y) 
Accelerator theories of investment predict output to be a major determinant of invest-

ment, which posit that growing demand leads to increased supply to achieve equilibrium 
in the goods market (Asimakopoulos, 1971).  This theory predicts that FDI flows to high 
growth countries that can absorb higher output with a growing consumer demand and labor 
supply.    

3.2 Long Term Interest Rate (I)
The long-term rate of interest is also assumed to play a part in investment decisions.  

Rising interest rates, or the cost of capital, make international investment more expensive.  
Hence, the models contain a long-term rate of interest, which is predicted to have a nega-
tive coefficient sign.  



WILLIAM KAFOURE 377

3.3 Real Effective Exchange Rate (E)
The real effective exchange rate is a chain-weighted index that takes into account the 

nominal exchange rate and the Consumer Price Indexes of the thirty OECD member coun-
tries and sixteen other countries. The weighting takes into account relative market shares 
held by each country’s competitors.  An increase in the value of E represents an apprecia-
tion of the domestic currency relative the other currencies in the chain-weighted index.  
The real exchange rate level is generally considered to be inversely related to FDI due to 
the negative wealth effect of the real exchange rate level (Chowdhury and Wheeler, 2008; 
Froot and Stein, 1991; Blonigen and Feenstra, 1996).  With E in the regression, both H(U) 
and H(C) provide a measure of real exchange rate volatility where the exchange rate level 
is held constant in the OLS equation. 

3.4 Real Effective Exchange Rate Volatilities and Convergence
According to the predictions that premise the experiment of this paper, both the short-

run and long-run unconditional volatility coefficients are predicted to be positive. How-
ever, if unconditional and conditional exchange rate volatility for the same country match 
in sign and significance in either time horizon (short run or long run), this would result in 
convergence between the two volatility measures.  Convergence, as defined here, would 
yield conclusions to the question of interest in the context of the model.   

It is also important to note that the degree of real effective exchange rate volatility does 
not depend on the exchange rate regime.  First, price fluctuations, by definition, can cause 
fluctuations in the real exchange rate.  Second, a country may peg its currency to an anchor 
currency, but it will float against all other currencies.  Pegging reduces volatility with one 
trading partner but does not eliminate overall exchange rate variability.  In my sample, 
Korea is the only country to have implemented a fixed exchange rate regime in the post-
Bretton Woods era.7   

3.5 GDP Deflator (P)
The general price level (P) in each country is thought to influence investment.  The Fish-

erian notion of inflation as a negative wealth shock deters investment. The expected signs 
of the model FDI determinants are summarized in tabular format below.

Table 4: Expected Signs of FDI Determinant Variables
FDI Determinant Expected Sign
Real GDP (Y) +
Long Term Interest Rate (I) -
Real Effective Exchange Rate Level (E) -
Real Effective Exchange Rate Volatility (H(U)) Short Run (+), Long Run (+) 
Price Level (P) -

7 The Korean won was pegged to the US dollar from 1964 through 1980, floated within a currency 
band relative to an index of IMF special drawing right currencies from 1980 through 1995 and floated freely 
after the 1997 Asian financial crisis. 
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4 Data

Data come from the OECD Main Economic Indicators (MEI) and IMF International 
Financial Statistics databases. The FDI variable is the balance of payments measure of 
direct investment in the reporting country. To control for country size, FDI is scaled by 
nominal GDP.  Following the data set of Chowdhury and Wheeler (2008), P is measured 
for all countries besides Japan by the GDP deflator. The MEI’s data series on Japan’s GDP 
deflator begins in 1994:Q1. In order to increase the estimation period to a reasonable size, 
the manufacturing producer price index is used as a proxy for the GDP deflator. Also, 
Japanese real GDP is defined as nominal GDP divided by the producer price index for the 
same period. 

The long-term interest rate is the ten-year government bond yield. Interest rate data for 
Japan begins in 1989. Thus, the model for Japan uses the interest rate on Japanese 90- to 
120-day certificates of deposit for the quarterly data before 1989. Also, the yield on ten-
year government housing bond provided the only available long-term interest rate data for 
Korea.  This data comes from the IMF International Financial Statistics Database. 

During Bretton Woods, all currencies were pegged to the gold standard vis-à-vis the US 
dollar.  For this reason, no data prior to 1972:Q1 are used.  The estimation period ends in 
2005:Q3.  For Canada, the United Kingdom, Australia, and the United States data are avail-
able for the entire post-Bretton Woods period.8   All data besides exchange rate volatility 
(H) and interest rates (I) enter the model in log levels.9  

5 Results

Overall, the empirical results produced significant regression outputs for all countries, 
as determined by individual Wald tests and the global F test at the 5% significance level. 
However, the variation in FDI explained by the model FDI determinants varies. For ex-
ample, the OLS models for the United States, Japan, and Korea all showed higher adjusted 
R2 values (.51, .41, .41, respectively) than those for the UK, Canada, Japan, and Australia 
(.28, .29, .29).  Significant variables in the model varied across countries, ranging from one 
to four variables of significance in estimating inward FDI.  

Attention here is given to the variables of interest, H(U) and H(C).  The real exchange 
rate volatility coefficient results yielded two principle findings. First, H(U) is insignificant 
in four of six countries. Second, the H(U) sign of five countries changes between the short 
run and the long run. The long-run H(U) sign in four countries matches, or converges with, 
the sign of the H(C) from Chowdhury and Wheeler (2008). 

The H(U) coefficient was insignificant for all countries besides Australia in the short 

8 After calculating H, estimation of the Canada’s OLS begins in 1972:Q1/1976:Q2, for the one year/
five year variance measure, respectively. Estimation for the U.K OLS begins in 1973:Q1/1974:Q1, the US 
OLS begins in 1972:Q1/1972:Q1, Korea’s OLS begins in 1980:Q1/1980:Q1, Australia’s OLS begins in 
1973:Q1/1977:Q1, and Japan’s OLS begins in 1985:Q1/1985:Q1. 
9 As is common in the literature cited, more emphasis is given to the sign and significance of the 
volatility coefficients, rather than to their value.



WILLIAM KAFOURE 379

run and Korea in the short and the long run. For example, H(U) in the US, Canada, Japan, 
and the UK was not significant in either time horizon, whereas the H(C) variable was sig-
nificant and negative. Thus, with the exception of Korea, the volatility variable behaviors 
under the different measures do not converge, as the coefficients in both the short run and 
the long run behave accordingly to the assumptions in Table 2. 

However, the change in the sign and value of H(U) between the short run and the long 
run is noteworthy. The H(U) coefficient decreased dramatically between the short run and 
the long run in four of six countries. In fact, H(U) fell on average by 16.45 in the US, 
Canada, Australia, and Korea.  In these four countries, the coefficient fell from a positive 
value to near zero or negative, suggesting an initial positive relative wealth effect followed 
by currency uncertainty. This may, in part, be explained by larger variance in the long-run 
H(U) than in the short-run H(U) caused by a larger long-run sample size (n=20 > n=5 in 
(1)). Indeed, the total mean long-run H(U) was higher than the total mean short-run H(U) 
for all countries in the sample. Higher variance, or volatility, decreases FDI if the negative 
currency effect is assumed to dominate the wealth effect in the long run.  This may also 
mean that the two volatility measures converge in sign, but not in significance, in the long 
run. Despite the change in sign, the variables in these four countries are still not significant. 
As a result, no conclusions on the behavior of real exchange rate volatility on FDI can be 
made. 

Australia and Korea do have significant H(U) coefficients.  In the short run, real ex-
change rate volatility leads to a sharp increase in Australian FDI/GDP. In the long run, 
however, exchange rate volatility has no effect on FDI in Australia.  In Korea, H(U) in the 
short run is positive, and in the long run is negative.  Korean H(U) falls sharply between 
the two time horizons. This indicates that the positive wealth effect of real exchange rate 
volatility on FDI diminishes after the short run and is dominated by the currency risk ef-
fect in the long run.  Thus, in these two countries, where H(U) is significant in at least 
one time horizon, long-run exchange rate volatility lowers or has no effect on FDI. The 
evidence from Korea suggests that the unconditional measure coefficient converges with 
the conditional measure coefficient in sign and significance in the short run only.  If this 
behavior held for all countries, this finding would support the theory that real exchange rate 
volatility increases FDI in the short run.  However, the convergence of the Korean volatil-
ity variables is a minority result. 

It is important to note that the Korean economy differs structurally from other countries 
in the sample. Korea is the only country tested that implemented a fixed exchange rate re-
gime during the estimation period. Future research should focus on examining why Korean 
FDI share, in particular, was significantly related to exchange rate volatility in both time 
horizons, a unique result in the data set. Although this paper does not undertake a com-
parison of these countries’ economic fundamentals, possible other determinants to study 
include Korea’s classification as a former emerging market economy,10  its past history 
of non-floating exchange rate regimes, FDI policy changes after the 1997 Asian financial 
crisis, and political risk.  
10 The London Stock Exchange officially declared South Korea a developed country in September, 
2008, which occurred after the estimation period.
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In the UK and Japan, the behavior of H(U) was different than in the US, Canada, Aus-
tralia, and Korea. The short-run H(U) converges with H(C) in sign, but not in significance.  
And in the UK, real exchange rate volatility is not a determinant of inward FDI.  Mixed re-
sults seen here are explained by the theory of country-dependent FDI determinants (McK-
enzie, 1999).  

6 Conclusion

The empirical correlation between exchange rate volatility and FDI, in one view, de-
pends critically on the statistical measure used to measure volatility of the real exchange 
rate.  This paper has examined the relationship between these two macroeconomic vari-
ables by focusing on the behavior of volatility when using two different volatility mea-
sures. In approaching this task, this study investigated the effect of exchange rate volatility 
on foreign direct investment in six countries by comparing the results of Chowdhury and 
Wheeler (2008) – which uses a conditional variance volatility measure – to results using an 
unconditional variance measure under two time horizons.  The country set was expanded, 
as well, from Chowdhury and Wheeler (2008). Although results were mixed, the evidence 
largely supports the premise that the empirical relationship between real exchange rate 
volatility and FDI in an OLS model is volatility measure-dependent. 

Results are inconclusive and follow, generally, both predictions of the two volatility 
measure coefficients (Armuedo-Dorantes and Pozo, 2001).  However, some important in-
ferences can be made. There is, as with the case of the US, Canada, Japan, and the UK, 
evidence that the unconditional measure is more likely to be insignificant when compared 
to the conditional measure. On the other hand, the changing sign of the volatility variable 
between time horizons, regardless of significance, suggests that unconditional volatility 
is not universally positive when the subperiod is changed to account for the short run and 
the long run.  This suggests that more research, both empirical and theoretical, on the time 
horizon of (unconditional) volatility is warranted.  Unfortunately, no inferences on the rela-
tionship between real exchange rate volatility can be made if the variable is not significant.  

The results from Korea, however, do show that unconditional volatility is significant 
and that its effect depends, in part, on the time horizon that volatility is measured. In the 
end, the results of only Korea break with both predictions of Amuedo-Dorantes and Pozo 
(2001).  Therefore, these countries do not strongly support the convergence of the two 
volatility measures across the entire country set in this model.  These results show that the 
issue of volatility measures is as inconclusive as is the theoretical relationship between real 
exchange rate volatility and FDI.  
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Table

OLS/Dependent Variable is (FDI/GDP)    
All Variables except Volatility(h) and Interest Rate(i) are entered in log form  
*denotes significance at α = .1 **denotes significance at α = .05  

Country Time Horizon Intercept Determinant Adj. R2

REER(e) Volatility(h) Interest 
Rate(i)

Real 
GDP(y)

GDP 
Deflator(p)

United States Short Run (SR) **-37.64 -0.83 9.61 **0.17 **4.42 *-1.26 .51
(7.14) (0.64) (10.41) (.05) (1.17) (0.81)

Long Run (LR) **-36.55 -0.68 -0.0017 **0.15 **4.28 -1.34 .50
(7.55)  (0.66) (9.53) (0.05) (1.27) (0.97)

UK SR **-13.56 0.13 -1.42 -0.03 **1.77 -0.09 .28
(4.31) (0.44) -(6.09) -(0.04) -(0.76) -(0.20)

LR **-14.05 0.27 3.06 -0.04 **1.92 -0.29 .28
-4.56 -0.47 -5.77 -0.05 -0.84 -0.31

Japan  SR  22.67  **-2.37 -5.02 -0.23 0.08 -2.91  .41
    (17.70)  (0.78) (9.98) (0.15) (0.31) (4.16)   
  LR  22.08  **-2.34 -3.79 -0.23 0.08 -2.81  .40
    (17.89)  (0.78) (7.64) (0.15) (0.31) (4.19)   
Canada SR *-13.73 **-1.70 17.77 0.00 **4.32 **-2.96 .31

(7.27) (0.73) (13.40) (0.05) (1.22) (0.68)
LR **-16.85 *-1.34 -5.11 -0.02 **4.72 **-3.22 .29

(7.33) (0.74) (12.51) (0.05) (1.28) (0.79)
Australia  SR  -5.1  -0.26 **15.95 -0.03 0.1 0.43  .29
    (5.46)  (0.88) (7.60) (0.05) (1.28) (0.73)   
  LR  -3.46  -0.69 2.22 -0.02 0.37 0.2  .28 
    (5.84)  (0.94) (7.48) (0.05) (1.38) (0.83)   
Korea SR **-8.95 **-1.65 **12.06 0.00 **2.81 *-4.78 .42

(3.69) (0.62) (5.46) (0.03) (1.34) (2.88)
LR -5.08 **-2.51 *-8.35 0.04 1.99 -2.62 .41

(3.61) (0.61) (4.76) (0.03) (1.31) (2.79)
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caPitaL inFLows, excHanGe rates, 
and GrowtH

Arpit Gupta
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Despite high expectations, capital flows from rich to poor countries have largely failed 
to generate economic growth. I empirically consider the “Dutch Disease” explanation 
that financial flows negatively impact growth through the channel of exchange rate 
appreciation, which hurts the competitiveness of the critically important tradable goods 
sector. Examining the exchange rate consequences of financial flows, I find that financial 
flows are associated with exchange rate overvaluation, which is linked with lower growth. 
Additional evidence suggests that the exchange rate appreciation lowers growth through 
the channel of hurting the export sector. 
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Forward excHanGe rates

Frederick Haney
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For the importance of money essentially flows from its 
being a link between the present and the future. 

John Maynard Keynes, 1936

1 Introduction

The study of exchange rates is the study of how the fundamentals of an economy are 
perceived in the international marketplace. The value that is placed on a country’s currency 
is a judgment of that country’s economic fundamentals: the soundness of its monetary and 
fiscal policies, the maturity of its public and private institutions, the quality of the goods 
and services it produces, even the integrity of its social fabric. When that value rises or 
falls rapidly, the consequences for the holders of that currency – and of the goods and 
debts denominated in it – can be severe. As such, a paramount objective of governments 
and financial institutions is to minimize these fluctuations by engaging in foreign exchange 

Forward exchange contracts are a method of hedging against the risk of exchange rate 
fluctuations and are, in theory, unbiased estimators of the future spot exchange rate. In 
practice, there is strong evidence of a statistical bias embedded in the forward exchange 
rate, which has been attributed to the demand for a premium to compensate investors for 
differing levels of exchange rate volatility, or riskiness. This paper examines the forward 
exchange rate (specifically, the dollar/pound rate covering a twenty year period from 1989 
to 2008) by conducting three tests: (1) a unit root test of both the spot exchange rate and 
one- and three-month-forward exchange rate to detect any evidence of serial correlation 
in contemporary data; (2) a test of the hypothesis of unbiased expectations of forward 
exchange rates; and (3) univariate and multivariate regressions of the forecasting error 
of the forward exchange rate on various macroeconomic indicators. The purpose of these 
tests is to determine whether the data supports the hypothesis of a constant risk premium 
in the forward exchange rate and, if so, whether this constant is time-varying and possible 
to forecast by a general-equilibrium framework, a model of which is proposed in the 
penultimate section.

ABSTRACT
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transactions.
This paper is concerned with the primary instrument of hedging exchange rate risk, 

forward contracts, and with a proposed time-varying risk premium that causes these 
contracts to exhibit a bias in estimating future spot exchange rates. A supply-and-demand 
model of this risk premium is proposed to maximize efficiency in the forward exchange 
market given risk-averse agents. In the second section, some background information on the 
foreign exchange market is provided, as is a brief explanation of the instruments examined 
in this paper and how they are used to hedge risk. A review of the underlying theory of 
forward contract pricing and past empirical work regarding the disparity of forward and 
spot rates and the evidence of a risk premium follows in the third section. The fourth 
section provides new empirical research testing the bias of the forward exchange rate in 
estimating future spot rates, using the standard simple efficiency and unbiased expectations 
hypotheses for risk-neutral agents. An equilibrium model of supply and demand for the 
time-varying risk premium, specifying the macroeconomic variables that determine the 
valuation of this premium, is proposed in the fifth section and concluding remarks are 
given in the sixth section.

2 The Foreign Exchange Market

The market for foreign exchange (hereafter, abbreviated FX) is by far the world’s 
largest and most liquid. In its most recent triennial survey (December 2007), the Bank for 
International Settlements estimated that an average of $3.21 trillion of currencies are traded 
every day (the next largest market, the bond market, is less than a third the size of the FX 
market, with an average of $960 billion of daily turnover). More impressive than the dollar 
value, however, is the rate of growth observed in recent years. Between 2004 and 2007, the 
FX market has grown by 69 percent (63 percent in constant, inflation-adjusted dollars), the 
largest gain ever recorded in the BIS survey. Significantly, more than half of this growth 
can be attributed to an increase in hedging activities, particularly FX swaps (which rose 
by more than 80 percent since 2004) and forward contracts (which rose by 73 percent). By 
contrast, average daily spot transactions increased by only 59 percent, slightly slower than 
in past surveys, marking the first time that growth in the forward market outpaced growth 
in the spot market (BIS, 2007).

Overall, the composition of the market is changing, as are the key participants. In the 
past, only large international banks and monetary authorities (called “reporting” dealers) 
had a significant presence in the FX market, holding a 64 percent share of the market 
in 1998. However, since 2004, transactions between banks and “non-reporting” dealers 
– investment banks, hedge funds, pension funds, and insurance companies – have more 
than doubled, accounting for a 40 percent share of aggregate daily turnover in the FX 
market (while the share belonging to the traditional interbank market has fallen to around 
43 percent). The share of transactions involving retail investors has also more than doubled 
in the three years prior to 2007, though it accounted for only 17 percent of the total market 
in that year (BIS 2007). By any measure, the FX market is vast and growing rapidly, and a 
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much greater share of the world’s wealth is invested in the daily fluctuations of exchange 
rates than at the start of the decade.

The consequences of these fluctuations bear not just on the financial world but on the 
real economy as well, affecting the relative prices of traded goods and also the solvency 
of banks’ balance sheets, which is essential to ensuring the flow of credit to businesses 
and consumers. It was to address these two concerns that the FX market arose. For as long 
as there has been trade between economies, it has been necessary to establish a means of 
converting currencies, and up until the last half-century, this was accomplished mainly by 
estimating the relative supplies (and therefore, relative values) of gold across countries. A 
unit of currency could be converted into a certain amount of gold and trade was facilitated 
by determining what products that amount of gold could buy in that economy. Since the 
collapse of the Bretton Woods system and the unhitching of the US dollar from the gold 
standard just over 30 years ago, the exchange rate between two currencies has been set by 
the relative demand for deposits denominated in each currency, offered for sale on the FX 
market by the banks that hold these deposits. This explains why the ten heaviest traders of 
foreign exchange, accounting for approximately 73 percent of daily transactions in 2007, 
were all banks (BIS 2007). Banks buy and sell these deposits to meet the demands of 
companies engaged in international trade, and to protect their own balance sheets from 
erosion, resulting from the depreciation of a currency to which they are overexposed.

Due to the realities of a sophisticated global economy, many of the risks of exchange 
rate fluctuation are not immediate, requiring market participants to forecast the future 
values of traded currencies and hedge their activities according to these forecasts. Forward 
contracts and swaps, of which some $2 trillion are traded daily, are instruments that enable 
market participants to exchange currencies at a predetermined rate at some point in the 
future (usually not more than six months forward of the contract date). Because the FX 
market is an over-the-counter market, the exact sizes and terms of forward contracts are not 
standardized. Most transactions in both the spot and forward FX markets, however, exceed 
$1 million of depositary funds in the future, which reflects a precise calculation on the part 
of the buyer and seller of the direction of the exchange rate between the two currencies. 
Given the frequent, substantial and seemingly random day-to-day fluctuations in exchange 
rates, it is hard to imagine that bankers and investors could engage in such transactions 
with any confidence, and it is important to understand how forward instruments provide the 
incentive of hedging exchange rate risk.

An FX forward contract is an agreement between counterparties to exchange bank 
deposits denominated in different currencies at a specified future date. For example, if a 
bank has a number of loans on its books denominated in dollars, but is paying interest to 
European depositors in euros, a sudden depreciation of the dollar against the euro would 
lead to an erosion of the bank’s capital. If, however, the bank decides to enter into a forward 
contract with another bank, it can lock-in the current dollar-euro exchange rate, pay its 
depositors with the euros it receives from its counterparty in the future, and rest assured 
that its capital will be protected against the risk of depreciation in the value of loans 
denominated in dollars.
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By contrast, a FX swap involves both a spot and a forward transaction. Swaps enable 
banks, companies, and investors to hedge exchange rate risk (with the forward contract), 
reduce transaction costs, and potentially make a profit on favorable exchange rate 
fluctuations. Say, for example, a company based in India receives 1 million pounds in 
revenue from sales in the UK, knowing that it must pay that money to its British distributors 
in a month’s time. If the company surmises that it can earn a higher rate of return on euros 
during that month, it can choose to sell the pounds for euros in a spot transaction while 
entering into a one-month-forward contract with its distributors. A swap contract makes a 
single transaction of these two operations, thus reducing brokerage costs, and the company 
can make a profit if the euro appreciates against the pound, what are known as “swap 
points”. (Note that the company does not necessarily incur a loss if the euro depreciates in 
that time period, since it has already locked in a beneficial exchange rate with its British 
counterparties in the terms of the forward contract.) The complexities of swap points will 
not be examined further, though; inasmuch as they involve interest rate differentials across 
economies, they are relevant to the notion of risk premiums in the pricing of FX forward 
contracts.

Now that we have a basic understanding of how forward instruments are transacted in the 
FX market and how these instruments help to reduce the risks posed by fluctuations in the 
exchange rate, we must now understand how the individual expectations embodied in these 
instruments are aggregated by the market to arrive at an equilibrium forward exchange rate 
at which forward contracts are bought and sold, how that aggregated forward rate relates to 
the realized future spot rate, and how risk factors contribute to the disparity of forward and 
future spot rates. The following section provides a review of the literature on these topics.

3 Forward Exchange Rate Theory and Evidence

Investigation of the forward-spot disparity relies upon the simple efficiency and unbiased 
expectations hypotheses of financial markets. Before we can discuss these hypotheses, 
however, we must understand the theory behind the proposition that the forward exchange 
rate is an unbiased estimator of the future spot exchange rate (i.e., that no disparity exists).

Forward and swap contracts both involve forward transactions of bank deposits, which 
can be considered an asset, comparable to a risk-free bond. Following the method of 
Krugman and Obstfeld (2006), we use the asset model approach in determining the demand 
for future claims on deposits and, therefore, the forward exchange rate. The asset model 
approach stresses the importance of relative demand for assets denominated in different 
currencies, based on the relative returns offered by these assets. An essential building block 
of the asset model is the “interest parity condition”, which is expressed as follows:

iD = iF – (Ee
t+1 – Et)/Et,

where iD  is the interest rate in the domestic economy; iF  is the interest rate in the foreign 
economy; Et is the exchange rate (foreign currency in terms of domestic currency) in time 
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t; and  Ee
t+1 is the expected change rate in time t+1. For this condition to hold, the domestic 

interest rate must equal the foreign interest rate minus the expected appreciation of the 
domestic currency. In other words, an expected depreciation of the domestic currency would 
balance out a lower interest rate in the foreign economy. If the interest parity condition is 
satisfied, there would be no incentive for market participants to exchange one currency 
for another, since the rates of return on assets denominated in each currency would be the 
same.

To adapt the interest parity condition to forward exchange contracts, we allow that, in 
an efficient market, the forward exchange rate locked in by the contract incorporates all 
available information regarding future fluctuations in the spot exchange rate, so that the 
expected future spot rate is equal to the forward spot rate (this is the basis of the efficiency 
hypothesis, discussed below). This is referred to as the “covered interest parity condition”, 
since a market participant can hedge exchange rate risk by investing the proceeds of spot 
sale in the forward market (Krugman  and Obstfeld, 2006). It is written as:

RD = RF – (F – Et)/Et,

where R represents rates of return on domestic and foreign assets and F is the forward 
exchange rate stipulated in the forward contract ( Et is as before, the spot rate). Therefore, 
for covered interest parity to hold, the rate of return on domestic assets must exactly equal 
the rate of return on foreign assets minus the forward premium (the forward exchange rate 
minus the spot exchange rate). In theory, if the forward premium is smaller than the rate-
of-return differential, then RF  will exceed RD , and demand for foreign assets will increase, 
driving up the expected future spot rate and thus the forward contract rate, increasing the 
forward premium and restoring covered interest parity.

The asset model approach provides a useful framework for understanding how forward 
contracts compensate for rate of return differentials across currencies. However, this 
approach is predicated on the assumption that the forward FX market is perfectly efficient, 
implying that the forward rate is an unbiased estimator of the future spot rate. If this were 
the case, there would, on average, be no significant deviation between the forward and 
future spot exchange rate. This hypothesis, known as the “simple efficiency hypothesis”, 
states that

F = x(Et+1 |Фt),

where F is the forward exchange rate determined in time t and deliverable in time t+1;  
Et+1 is the spot exchange rate in time t+1; Фt  is the information set available to market 
participants when the forward exchange rate is determined, and x  is the expected value 
operator. According to simple efficiency, the market forward exchange rate is the rational 
expectation of the future spot rate given available information. The simple efficiency 
hypothesis assumes that market participants are risk neutral and that the ex post forecast 
error of the forward contract, Et+1 - F , is random and uncorrelated with Фt; the bulk of 
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statistical work tests this very hypothesis (Hansen and  Hodrick, 1980).
Theoretical support of the simple efficiency hypothesis can be taken from the fact that most 

research has confirmed that spot rates follow a random-walk over the time range covered by 
forward contracts. More formally, when the exchange rate in time t+1 is regressed on the 
rate in time t, the slope parameter of the regression equation will contain a unit root, β=1, 
meaning that, on average, the best estimate of the exchange rate in time t+1 is the observed 
exchange rate in time t. This has been demonstrated both intuitively and empirically. Engel 
and West (2004) suggest one explanation of this behavior: the macroeconomic factors that 
influence the demand for a currency – interest rates, the balance of trade, productivity, 
money supply and GDP growth projections, among others – themselves follow a random 
walk, noting that “if the log of the nominal exchange rate is a linear function of forcing 
variables that are random walks, then it will inherit the random-walk property” (though 
they acknowledge that such “forcing variables” as interest rates and money supply growth 
often do not, in fact, follow random walks, but are often subject to directional targets that 
can be included as exogenous variables in an exchange rate model). From the empirical 
side, Meese and Rogoff (1983) found that even the most rigorous statistical models failed 
to reject a random-walk hypothesis for spot rates.

Returning to simple efficiency, this evidence lends credibility to the assertion that the 
forecasting error of forward contracts must be serially uncorrelated with the set of available 
information: if the asset price that underpins a forward contract, the future spot exchange 
rate, is itself stochastic, then the forecast error must also be random and not subject to a 
systemic bias. Furthermore, the asset model of forward exchange rates developed above 
also supports the simple efficiency hypothesis: if expected returns on assets denominated 
in a particular currency are based on the expected appreciation or depreciation of that 
currency, and if those expectations in turn are based on the constantly changing perceptions 
of market participants, then relative demand for currencies (and thus the exchange rate) 
will change with these perceptions, which can be only roughly modeled.

As previously stated, most empirical work begins with testing the simple efficiency 
hypothesis, of the form

Et+1 = ß1 + ß2F + ut+1    H0: ß1 = 0; ß2 = 1.

If the null hypothesis is not rejected, simple efficiency holds, and the forward FX market 
is efficient in the sense that the forward risk premium F is an unbiased estimator of Et+1. 
An important study was conducted by Hansen and Hodrick (1980), who tested the simple 
efficiency hypothesis with two experiments: the first was to regress the ex post forecast 
error of the forward contract, Et+1 - F  on one- and two-period lagged forecast errors of 
forward contracts for the same currency pair, and the second was to regress the same 
forecast error on the one-period lagged forecast errors of other currency pairs. These two 
experiments are justified by asserting that the information set Φ would contain elements 
of past forecasting errors, which, for the forward market to be efficient, must be serially 
uncorrelated with present forecasting errors, implying that the forward exchange rate is 
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just the expectation of the future spot rate. Hansen and Hodrick (1980) reject the null 
hypothesis for certain currency pairs in their study, such as the deutschemark/pound or 
franc/pound, but fail to reject it for the dollar/pound pair over the same time horizon. This 
raises the question of why simple efficiency would apply to some forward markets but not 
all, which can be only be answered by the existence of a risk premium. Risk premiums 
are observed for a wide variety of financial assets and are able to be forecasted according 
to specified variables; therefore, it is reasonable to assume that the forward FX market is 
subject to the distortions of risk premiums as well. Before we can discuss risk premiums, 
however, we must examine the second building block of forward exchange rate theory: the 
“unbiased expectations hypothesis.”

The asset model approach, which aggregated the expectations of market participants into 
an equilibrium exchange rate, would not be useful without the simple efficiency hypothesis, 
that is, without the assumption that the market forward exchange rate was an unbiased 
expectation of the future spot rate. Simple efficiency leads to the unbiased expectations 
hypothesis (UEH), which is another theoretical building block of the asset model of 
forward exchange rates. The UEH states that the expected rate of return on speculation in 
the forward exchange market would be zero:

x(Et+1 – F|Φ) = 0,

where Et+1  is the spot exchange rate at the maturity of the forward contract; F is the forward 
exchange rate stipulated in the contract, given all available information Φ; and x, as before, 
represents expectations. This relationship enables the covered interest parity condition 
discussed in the previous section, implying that the expected nominal profit of a forward 
contract is zero. Korajczyk (1985) notes that the traditional reasoning behind the UEH 
is that if the expected profit were greater than zero, an opportunity for arbitrage would 
arise in which agents could buy foreign exchange at a predetermined price lower than 
the expected future spot price, and then sell these exchanged deposits in the spot market 
at the higher price. The selling of the currency by arbitrageurs would drive down its spot 
price, thus eliminating the market inefficiency. As with simple efficiency, the UEH does 
not hold up under empirical testing. Korajczyk (1985) found that the observed deviations 
from the UEH were explained by a systematic relationship between the forecast error and 
the regression of real interest rate differentials on past information – in essence, the same 
conclusion of Hansen and Hodrick (1980) regarding simple efficiency – concluding that 
“past information can be used to predict the deviation of future spot exchange rates from 
current forward exchange rates,” which would not be possible under the assumption that 
the expected return on forward exchange speculation is zero.

The rejection of the simple efficiency and unbiased expectations hypotheses is problematic 
for the asset model of forward exchange rates, and would seem to raise doubts as to whether 
forward instruments are actually useful in hedging exchange rate risk. However, recall that 
the central assumption of the asset model was that agents in the market are risk neutral. 
Hansen and Hodrick (1980) assert that simple efficiency can only be expected to hold when 
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agents are risk neutral, transaction costs are zero, and all information is used rationally. 
When risk aversion is introduced into the theory, the forward exchange rate is not expected 
to be an estimator of the future spot rate alone, but an amalgam of the future spot rate and a 
risk term or premium that compensates the holder of a particularly volatile currency. Fama 
and Faber (1979) argued that the UEH cannot hold in the presence of such a premium. 
Hansen and Hodrick (1980) and McFarland, McMahon, and Phillips (1996) both suggest 
that the rejection of the joint efficiency and expectations hypotheses does not imply a 
failure of the FX market. The latter paper tests the properties of this proposed risk premium 
for several currency pairs and finds evidence of a stationary risk premium in the case of the 
franc/pound and franc/dollar forward rates. As with Hansen and Hodrick (1980), McFarland 
et al (1996) find that the joint hypothesis of simple efficiency and unbiased expectations 
cannot be rejected for the dollar/pound forward rate. Intuitively, it is becoming clear that a 
risk premium, by definition, should be statistically more significant for riskier currencies.

The concept of risk aversion is critical to the pricing of assets in many types of financial 
markets, including the FX market. Since the hypothesis that the future-spot disparity is 
stochastic has failed to stand up to empirical testing, the logical next step is to decompose 
this disparity into the factors that drive it – i.e., that would be incorporated into the price 
of a risk premium. Numerous papers, including Lucas (1978) and Korajczyk (1985), have 
proposed that the observed deviations from the UEH are consistent with equilibrium models 
predicated on risk-averse agents. The task that remains is to specify this model.

4 Empirical Results

Refer to conference paper.

5 The Model

The model assumes that the forecasting errors of the forward exchange rates observed in 
the regression results of the previous section are fully incorporated into market participants’ 
valuation of the risk premium. Specifically,

x(Et+1 – Ft) ≡ Rt | Фt.

This can be considered a special efficiency hypothesis, assuming risk-averse agents, 
stating that the rational expectation of the forecasting error of the forward exchange rate 
(a reflection of the expectation of a currency’s volatility over the contracted horizon) 
is contained within the risk premium, Rt , given available information. Further, the risk 
premium will be decomposed into a stochastic and non-stochastic or estimable component, 
as follows:

Rt = Qt + ut,
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where ut  is the stochastic and non-measurable component of the risk premium in time 
t. Our focus, therefore, will be the estimable component of the risk premium, Qt . The 
model will construct a general equilibrium framework that envisions the risk premium as 
a product, offered by holders of the “term” or “quote” currency and demanded by holders 
of the “base” currency. Given that the quote currency is often more volatile than the base 
currency, when agents engage in a forward contract, holders of the base currency demand 
a risk premium to compensate them for unexpected fluctuations in the quote currency. 
Demand for this premium is directly related to the perceived level of volatility of the quote 
currency, which, according to the model, can be approximated by the macroeconomic 
indicators specified in Section 4, among others. These factors will be considered the main 
variables that drive the demand for risk premiums on forward exchange contracts. The 
model will formalize the relationship between changes in each of these factors and changes 
in the valuation of forward risk premiums and will necessarily define the transmission 
mechanisms by which these variables interact.

6 Conclusion

The question of modeling the behavior of spot exchange rates in the short-run has long 
frustrated economists; as previously stated, spot exchange rates exhibit random-walk 
behavior in the short run and defy attempts to predict their fluctuations within a general-
equilibrium, purchasing-power-parity framework. However, the behavior of many other 
financial assets, from common equities to exotic derivatives, have been characterized as 
random-walks, yet economists and financiers have nonetheless been able to articulate 
models that accurately forecast a time-varying risk premium for these assets with a 
remarkable degree of accuracy. Since forward exchange contracts are, in essence, bets 
on the ability of agents to predict the future spot exchange rate, then the risk premium is, 
in effect, a buffer that represents the agents’ expectation of their own forecasting error in 
setting a forward exchange rate. In other words, the risk premium is a range of expected 
volatility of the underlying spot exchange rate. If some component of this risk premium is 
non-random and can be estimated using a general equilibrium model, then the accuracy of 
forecasts of future spot exchange rates (and the forward contracts that formalize them) will 
be greatly improved and a reliable arbitrage strategy can be developed.
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1 Introduction

Chairman Ben Bernanke of the Federal Reserve Board recently stated, referring to the 
global economic downturn, “fiscal actions are unlikely to promote a lasting recovery unless 
they are accompanied by strong measures to further stabilize and strengthen the financial 
system” (Bernanke 2009). In the U.S., monetary policy is playing an important role in 
limiting the current recession and bringing about a recovery. China, too, is engaging in 
expansionary monetary policy, cutting the discount rate 27 points in December (Thomson 
Financial News 2008).  

Can monetary policy play a significant role in a Chinese economic recovery?  China 
does not have a financial system of the same scope as the U.S. and is not suffering from 
many of the associated difficulties but instead must deal with declining exports and a global 
recession. To counter this, China has announced a fiscal plan to stimulate the economy, 
proposing to spend four trillion yuan (Wu and Back 2008). Monetary policy is also being 
used, but it is unclear to what extent that tool can help pull China out of a recession. The 
youth of China’s financial system gives reason to doubt monetary policy’s effectiveness. 

This paper empirically models the effectiveness of the monetary transmission mechanism 
in post-1996 China. A number of reforms demonstrate the government’s commitment to 
effective monetary policy, but limitations still exist within the financial system. Using a 
vector autoregression, this paper determines changes to the discount rate are effective at 
adjusting inflation rates and industrial output growth in the intended directions.  However, 
the effects of monetary policy are small compared to other factors affecting the Chinese 
economy.  The current system allows for effective monetary policy, but more reforms could 
give it a greater impact.

ABSTRACT
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Yet whether or not it is able to contribute may be an important factor for how quickly China 
is able to rebound from the downturn.

Since the mid-1990’s, China’s government has taken steps to establish monetary policy 
as a tool to regulate the macroeconomy, despite some structural limitations. This paper 
tries to empirically measure how effective China’s monetary policy has been at impacting 
industrial output and inflation since 1996. To do this, I use a vector autoregression, a typical 
econometric model for monetary policy. The results indicate monetary policy is effective, 
though it has only a small influence over China’s transitional economy.

This paper starts with an outline of relevant changes to China’s economy that have 
affected the monetary transmission mechanism and proceed to cover limitations that 
remain. I then outline the empirical model and present results in a variety of forms.  I 
conclude by interpreting the results and examining a few implications.

2 Monetary Policy in China

The importance of monetary policy is growing as China switches to a more market-
based economy. A variety of changes have indicated the Chinese government is committed 
to making monetary policy effective. In 1995, the government changed the mandate of the 
People’s Bank of China (PBC) to formally establish it as an independent central bank. Since 
then, the PBC has gradually gained more independence and power in setting monetary 
policy. Article 3 of the 1995 law, which was updated in 2003, states, “The objective of 
the monetary policy is to maintain the stability of the value of the currency and thereby 
promote economic growth” (Law of the People’s Republic of China on the People’s Bank 
of China 2003). This has resulted in their primary focus being on an exchange rate peg.  
Chinese monetary policy has been entirely effective at keeping the currency stable, pegging 
it to the U.S. dollar until 2005 and, since then, maintaining the renminbi’s1 value compared 
to a basket of other currencies. This paper will discuss what impact monetary policy has on 
other aspects of the economy, especially whether it is effective at adjusting inflation rates 
and output growth.  From now on, the “effectiveness” of monetary policy will refer to the 
effect it has on output and inflation, not on the value of the renminbi.  

In addition to the exchange rate regime, there are additional important differences 
between China’s monetary policy and the U.S.’s. Primarily, the PBC exercises more tools 
of monetary policy. In the U.S., the most visible tools utilized by the Federal Reserve are 
the discount rate and the federal funds rate. They also engage in open-market operations to 
adjust money supply. These instruments are the two most commonly used by the Federal 
Reserve, but they have used others, especially recently.

Like the U.S., the PBC also uses open-market operations, which they started in 1998, 
a key step in the evolution of their monetary policy. In 2002, the PBC created PBC bills 
with which it now engages in open-market operations. These bills provided more flexibility 
to the PBC and allowed them to continue open-market operations after they ran out of 
government bonds (Green 2005).
1 “Renminbi” is the name of China’s currency, but when expressed as a unit, it is called “yuan.”  For 
example, the PBC pegged the renminbi to the U.S. dollar at a rate of about 8.28 yuan per dollar.



GREGORY HOWARD 397

The discount rate is also a key instrument of monetary policy in China. The discount rate 
is the interest rate which the central bank charges for overnight loans to banks. It is often a 
benchmark for overnight lending between banks and has a heavy influence on short-term 
interest rates. In addition, it is the most visible instrument of monetary policy and is often 
a reflection of overall policy goals. In 2004, the government gave the PBC full discretion 
over the discount rate, no longer requiring the state council’s approval for adjustments 
(Green 2005).

In 2005, China loosened its strict peg of the renminbi to the U.S. dollar, and revalued 
it by 2.1 percent (Goodfriend and Prasad, A Framework for Independent Monetary Policy 
in China 2006). China still actively maintains a loose peg to a basket of currencies. The 
revaluation allowed China more independence in its monetary policy, but only to an extent, 
because the loose peg still encourages money inflows.

Unlike the Federal Reserve, the PBC is willing to adjust the reserve requirement for 
banks. This is the percentage of deposits that banks in China must maintain in cash or 
liquid reserves at the central bank and is a limit on the money supply multiplier. The PBC 
adjusted the reserve requirement four times between 1995 and 2006, but in 2007, adjusted 
it ten times, using it aggressively as contractionary monetary policy (Xinhua News Agency 
2007). In contrast, the Federal Reserve Board has not changed the reserve requirement in 
the U.S. during that period.

Figure 1: Reserve Requirement and Discount Rate in China (End of Quarter Values)
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There are a few other tools that the PBC uses. They take a more intrusive role in 
regulating the amount and price of credit in their banking system. In 2001, the PBC used 
administrative suasion to encourage banks to make more loans (Green 2005). The PBC 
also maintains credit quotas, limits on the amount of lending a bank can do (Batson 2008). 

The government seems intent on making monetary policy a viable tool to shape 
macroeconomic conditions, using a variety of tools beyond those typical in the rest of 
the world. However, as we see in this coming section, there are still several factors about 
China’s economy that limit monetary policy’s effectiveness.
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2.1 Limitations on Monetary Policy
Since 1996, China has experienced huge fluctuations in inflation, a key target for 

monetary policy in many countries2. Even though inflation is not the PBC’s stated target, 
periods of deflation or particularly high inflation indicate a monetary policy that is somewhat 
ineffective or directed elsewhere. This section will present reasons monetary policy might 
not be as effective as in many developed countries.

Figure 2: Consumer Price Index Inflation Rate
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The exchange rate regime is often thought of first. Even since the end of the U.S. dollar 
peg, the renminbi has been actively managed. Since the 2.1% adjustment, it has not moved 
quickly and is still considered undervalued. As discussed before, the exchange rate regime 
poses problems for monetary policy independence. To maintain some control over money 
supply, the PBC attempts to sterilize portions of the money coming into the system from 
exports and foreign exchange. To do this, they sell PBC bills, driving interest rates higher. 
To protect against the unintended consequences of higher interest rates, the PBC does not 
sterilize all the increased money supply.

The second reason is the Chinese financial system is weak, making it less responsive to 
monetary policy. Almost all lending is done through banks, and the banking system is not 
as developed as in other countries (Goodfriend and Prasad, A Framework for Independent 
Monetary Policy in China 2006). 

Third, another reason the monetary transmission mechanism might be ineffective is that 
the level of excess reserves is high. Because banks are keeping significantly more money 
than required, they are less responsive to the reserve requirement or to the discount rate, 
since they rarely borrow from the PBC or other banks. There are several reasons for excess 
reserves. The PBC pays interest on reserves, reducing the incentive to lend. In contrast, the 
U.S. did not pay any interest on reserves until quite recently. As part of China’s reforms, 
the interest rates paid to banks on their reserves have gradually been reduced. The interest 

2 The target of Chinese monetary policy is ambiguous and a large subject of investigation. The PBC’s 
mandate requires them to keep the currency stable. In a 2005 paper, Burdekin and Siklos suggest the PBC 
uses a McCallum type rule to target money supply growth. In 2007, Liu and Zhang say monetary policy re-
sponds more to expected inflation. Other targets mentioned by Goodfriend and Prasad in 2006 include total 
lending and money.
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rate on excess reserves has been lowered to a greater extent (Green 2005).
Another reason Chinese banks may have high reserves is that they have less confidence 

and ability in lending to potentially risky consumers or corporations. In the past, they have 
suffered from large numbers of non-performing loans and are likely overly cautious in 
giving out potentially risky loans for fear of creating more bad loans. Also, the Chinese 
economy is developing unevenly, meaning Chinese banks are limited to several prosperous 
sectors that want and can afford bank loans. This lack of diversity makes it harder for banks 
to spread risk among many different sectors and companies. In addition, until recently, 
the major state-owned corporations were not given proper incentives to repay their loans, 
causing large numbers of non-performing loans. While this has changed, banks are still 
hesitant to make loans, and some loans to state-owned corporations still go bad. This lack 
of diversity in lending causes banks to give out fewer loans in order to lower risk (Roubini 
and Setser 2005). 

One final reason for ineffective monetary policy is that Chinese people and small businesses 
are much less dependent on bank loans than in many other countries. Traditionally, most 
Chinese citizens did not have access to bank loans, and many still do not,. However, many 
whom do have access are unable to afford them (Green 2005).

However, it seems the situation is changing. Many of the reforms discussed in the 
previous section and the development of a stronger financial system may have improved 
China’s ability to regulate the economy through monetary policy.

3 Empirical Methodology

This paper will use a vector autoregression (VAR) model to determine the effectiveness 
of monetary policy. VARs are the primary way to measure the effectiveness of monetary 
policy, as in Miyao’s paper concerning Japan or Del Negro and Obiols-Homs’ paper 
concerning Mexico. Both these papers served as useful guides in specifying and evaluating 
my VAR.

There are four main endogenous variables in this model. The policy variable is the 
discount rate set by the PBC. The Consumer Price Index (CPI) and industrial output are 
used as the macroeconomic variables being affected. The last variable is exports because it 
is such a large determinant of the economy and specifically, money.

The following is the VAR in equation form:

        (1)
where I is industrial output growth, P is the inflation rate, X is export growth, and R is the 
discount rate set by the PBC. corresponds to the values of the endogenous variables at 
time t, and so, in the VAR, is a function of previous values and unobserved variables. 

is a  vector of constant terms to be estimated by the VAR.  and  are 
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 matrices containing the coefficients that the VAR will estimate.  is a 
vector and represents the unobservable determinants of the endogenous variables at 

time t.
Data from the first quarter of 1996 to the fourth quarter of 2007 are used. It is only during 

this time period that the PBC became more independent and that monetary policy began to 
develop as a way for the Chinese government to manage the economy. Since 1996, China 
has experienced both contractionary and expansionary monetary policy, as can be seen 
previously in Figure 1.

All four variables used in the VAR are from the International Monetary Fund’s 
International Financial Statistics. The discount rate is used as the primary indicator of 
monetary policy intentions. Per the discussion in the introduction, there may be more 
effective instruments, but the discount rate has the advantage of being very visible and easy 
to measure. The PBC almost never implements monetary policy via another instrument 
without also adjusting the discount rate.

Exports are a driving force in the Chinese economy, so are included in the VAR to limit 
some of the otherwise unexplained variance. Export growth is not exogenous, and must be 
included as an endogenous variable in the VAR (Kwan and Kwok 1995). 

Gross domestic product is unavailable quarterly until 1999, so industrial output is used 
instead. A significant percentage of output growth is due to industrial growth, and it is 
common practice to use industrial output to help estimate quarterly GDP before 1999�. 
Even post-1999, there are reasons to doubt the validity of gross domestic product estimates 
from China itself�, so it is easier for the purposes of this paper to investigate the effects on 
industrial output.

Inflation is one of the key long-term targets of monetary policy. Measuring the effect of 
monetary policy on inflation is the primary focus of this paper.

3.1 VAR Specifications
Two lags are used, due to a limited time frame. Statistically significant results are 

unobtainable with more lags. Two lags allows for cycles and represents six months of lag.
The Choleski decomposition is used for the identification of the VAR.  The ordering of 

the variables is exports, industrial output, inflation, and lastly, discount rate. In the impulse 
response functions, the variables are allowed to contemporaneously affect variables that 
come after them in the Choleski decomposition ordering. So exports can contemporaneously 
affect all the other variables, but there is a quarter delay before the discount rate can have 
an effect on anything else. Placing monetary policy variables last is standard in VARs 
because there is often a delay to the effects.  In contrast, it is quite easy to imagine how 
changes in exports would have an immediate impact on the macroeconomy.

Finally, industrial output, exports, and inflation were all measured in growth rates. This 
way, all four variables are stable, and a shock to any of those three represents a permanent 
change in their levels.



GREGORY HOWARD 401

4 Results 

4.1 Impulse Response Functions
Figure 3 is a graph of four of the impulse response functions from the VAR. Presented 

here are the effects of shocks to the discount rate. Unexpected increases to the interest rate 
have a statistically significant long-term negative effect on exports, industrial output, and 
inflation. 

The graphs represent the changes to the four variables when the discount rate experiences 
an unexpected positive one-percent shock. All four response variables are tracked for eight 
periods, which corresponds to two years. The dark line represents the estimated effect in 
that time period, and the grey areas are 90% confidence intervals.

As you can see in Figure 3, a 0.3 percent increase in the discount rate causes about a 0.18 
percent decrease in inflation after two years. Similarly, there is about a 0.23 percent decrease 
in industrial growth. There is about a 0.82 percent decrease in exports over the same period, 
which is interesting because of its magnitude. The discount rate slowly returns to its value 
from before the shock.  Ignoring the magnitudes of the changes, these impulse response 
graphs are exactly what we might expect out of a well-developed monetary transmission 
mechanism, where the economy responds to monetary policy.

Figure 3: Impulse Response Graphs: The response to a contractionary shock in the 
discount rate
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For perspective, I look at the impulse response graphs from a shock in export growth. 
The effects seem to be much more short-term. As might be expected, a positive shock to 
export growth has a short-term positive effect on industrial growth overall. Interestingly, 
it also has a positive effect on the discount rate. This effect may reflect an increase in 
money, which the PBC counteracts through monetary policy. There is no significant effect 
on inflation. 

Figure 4: Impulse Response Graphs: The response to a positive shock in export growth

4.2 Variance Decomposition
The variance decomposition tells a slightly different story than the impulse response 

functions. In Figure 8, you can see shocks to the discount rate account for little of the 
variance in the other variables. All the variables are fairly persistent and the self-explanation 
rates reflect that. Focusing on inflation, industrial growth is the only variable that seems 
to explain a significant amount of the variance. While it is not surprising that growth and 
inflation are related, it is surprising how little either exports or the discount rate explain the 
variance. 

In contrast, all three other variables seem to be able to explain some variation in the 
discount rate. This is not surprising, as the discount rate is set by economists observing 
these variables, especially inflation. Also, this is consistent with Granger Causality Tests 
which give evidence that both inflation and export growth cause the discount rate to some 
extent.
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Figure 5: Forecast Error Variance Decomposition

The discount rate plays only a small part in the variance decomposition, but this does 
not suggest it is not an effective instrument.  What we can reasonably conclude is that the 
discount rate is has a relatively small influence compared to everything else that affects 
China’s economy. It does not, in any way, refute the evidence from the impulse response 
functions that monetary policy can affect inflation and industrial output.

4.3 Robustness of Data Choices
The data used make a few assumptions about monetary policy and output. Without 

doubting the validity of those assumptions, we can check the robustness of those data 
choices. The first assumption made was that the discount rate was the best indicator of 
monetary policy available to us. As an alternative, the reserve requirement can replace the 
discount rate in the model. The results change only slightly, with a contractionary shock to 
the reserve requirement lowering the inflation rate, export growth, and industrial growth. 
Note that the effect on inflation is no longer statistically significant. However, we are 
mostly interested in this model to see if the results are similar to that of the original model, 
and comparing Figure 3 and Figure 6, you can see they certainly are quite similar.
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Figure 6: Impulse Response Functions: The response to a 1 standard deviation 
contractionary shock to the reserve requirement

The second assumption concerning the data was that industrial growth is representative 
of overall growth in China’s economy. For this, we can estimate the model using gross 
domestic product figures instead. However, we can only do this over a period from 1999 
to the present and expect a corresponding loss of efficiency. Yet, shocks to the interest 
rate seem to have a similar effect on GDP growth as they did on industrial growth. The 
results from this model are almost useless for drawing conclusions due to large confidence 
intervals. However, the results match what we got for industrial output using the entire 
time period, and so add credibility to using industrial output instead. Note that the scales 
on the graphs are significantly different because of the larger confidence intervals. The only 
major inconsistency is that we have a positive short-term effect on GDP growth, which is 
the opposite of what we might expect, but by the second quarter the net effect is negative. 

Stability checks reveal Equation 1’s matrices’ eigenvalues have magnitude less than 1, 
indicating the VAR is stable. 

4.4 Robustness of Specifications and Other Post-Estimation Tests
A common criticism of VAR models is that they are not very robust to different 

specifications in the model. To check robustness in the specifications, I also estimated 
the VAR with 1 and 3 lags. Each of these estimations generated similar results to the 
original model, with expansionary shocks to the interest rate resulting in lower inflation 
and industrial output. Different orderings for the Cholesky decomposition were checked 
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but led to nearly identical results.

Figure 7: Impulse Response Functions: The response to a 1 standard deviation 
contractionary shock to the discount rate, with GDP

Histograms of the residuals of the VAR are shown in Figure 8, along with normal 
distributions. The residuals seem to be more or less normally distributed. 

Figure 8:  Residuals
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Using a Wald lag-exclusion test, the null hypothesis that all the variables in the second 
lag are zero has a p-value of 0.215. Although there is no strong statistical evidence that the 
second lag is necessary, I include it anyways to allow for trends in the first-differences and 
the cyclical nature of the economy.

5 Concluding Remarks

The results suggest that monetary policy in China is indeed effective at regulating the 
macroeconomy, though possibly less so than some modern economies. While it takes a 
large adjustment to the discount rate, knowing it has a long-term impact on inflation allows 
the PBC to use monetary policy with confidence. 

Furthermore, observing evidence of effective monetary policy suggests that the monetary 
transmission mechanism is more effective than it has been in the past. The structural and 
policy changes discussed in the introduction may have successfully encouraged a monetary 
transmission mechanism that reaches inflation and industrial output. While this paper does 
not address changes in effects on inflation and output, it seems likely that any observed 
effect today would be more than before this time period. 

The variance decompositions seem to suggest a slightly different conclusion, though. 
They suggest that monetary policy plays a very limited role in influencing the other 
variables. One interpretation of this might be that monetary policy is ineffective, but the 
variance decomposition can only demonstrate that a lot of the variance in these variables 
remains unexplained by the discount rate. There are other more significant determiners of 
China’s economy that may play a much bigger role than monetary policy.

I think that the correct conclusion is that monetary policy has a significant, albeit small, 
effect on the economy. Over this time period, China has been experiencing all sorts of other 
changes in addition to its monetary policy, and so monetary policy effects are lost amongst 
the noise of rapidly changing foreign and domestic influences. 

This model has its limitations, which should be noted. Since monetary policy has been 
developing over the time period used, monetary policy may be currently at a different 
level of effectiveness than this model presents. Furthermore, it only uses four variables, 
leaving many important aspects of the Chinese economy completely out of the picture.  
The short timeframe precludes a richer model, and the sample size already greatly limits 
the efficiency of the VAR.  As time passes and more data becomes available, a similar 
model can be used to draw stronger conclusions or enhance the pre-existing model to 
encompass more of the economy.

The fact that China has succeeded in developing a working monetary transmission 
mechanism does not mean that they have reached the conclusion of this development. 
As was pointed out earlier, the effect is still fairly small, and China should continue with 
its reforms in the PBC and the wider banking system to develop a stronger monetary 
transmission mechanism.  The success of recent reforms should provide incentive to 
continue along this path.

Also, just because they have a working transmission mechanism does not necessarily 
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mean the PBC should be using it to control inflation and output. Because the PBC actively 
manages the renminbi exchange rate, they have other responsibilities, which may conflict 
with inflation and growth goals. As discussed before, many academics have suggested 
various targets for monetary policy in China. The findings of this paper cannot heavily 
influence that discussion beyond indicating that if they adopt an inflationary target, they 
could be at least partially successful. 

It will be interesting to see if this model holds for the recent economic downturn. Due 
to a sharp decrease in exports, China will likely experience a sharp decline in output and 
will try to respond with a variety of tools, including monetary policy. Likely, expansionary 
monetary policy alone cannot prevent China from entering a period of lesser growth, but 
there is some evidence in this paper that it can help minimize the decline.
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