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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 200 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?

vi
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a Brief history of the Carroll round

(Revised March 2009)
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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 
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during these conversations, I appreciated ever more my exposure to alternative experiences 
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 

x
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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 
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, including the impressive 
work of MIT’s Maria Jelescu in “The Role of Hedge Funds in World Financial Crises,” 
the noteworthy “The World Food Economy to 2050: A Nonlinear Dynamic General 
Equilibrium, Two Sector, Three Factor Endogenous Growth Approach to Long-Term 
World-Level Macroeconomic Forecasting” from Stanford’s Benn Eifert, Carlos Gálvez, 
Avinash Kaza, and Jack Moore, and “The Global Integration of Stock Markets” by Yale’s 
Fadi Kanaan. Georgetown professors who served as panel discussants later remarked that 
the quality of some presentations met or surpassed the sophistication of recent graduate-

xi
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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 six 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, and Eric Maskin this year as well 
as Susan Athey, the first female recipient of the John Bates 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, and Rebecca Heide 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. Finally, 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 the upcoming tenth anniversary of the Carroll 
Round will far surpass its exciting origin.

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

xii
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Why i support the Carroll round

xiii

It’s been over seven years, when I served as General Counsel of SLM Corporation (Sallie 
Mae), that one of our former directors, Jim Moore (C ’68), first suggested that the company 
should help fund the launch of the Carroll Round.  Chris Griiffin and Scott Pedowitz, two 
of the founders, came to our Reston Virginia offices and made a compelling presentation to 
a number of Georgetown alumni working at Sallie Mae.  Soon I became the interface for 
our connection with the Carroll Round and when I retired from the company in 2006, my 
husband (Mike Kershow, L’80) and I decided to continue funding the program through our 
family foundation.

Even aside from the invitations to attend the impressive student presentations and ex-
cellent keynote speeches, there are a number of things that continue to make the Carroll 
Round meaningful to me, as an SFS alumna and funder.

First, this symposium represents a very targeted and tangible way to support one of 
the truly distinctive features of Georgetown--its focus on international public policy is-
sues—the very attribute that attracted me to the University when I first came to the Hilltop 
in 1972.   At Georgetown I learned to think critically about the national and international 
issues of my generation and developed my interest in public service.  The Carroll Round 
takes this type of undergraduate dialogue to a whole new level of scholarly excellence.

Second, the program grew out of a student initiative that connects international econom-
ics students from all over the country, and increasingly, from around the world.  As we 
all know, so much of what we learn in college comes from living and learning with our 
fellow students, both on campus and through our international studies programs.  The Car-
roll Round represents an intensified opportunity for such an experience and significantly 
enhances the diversity of the academic, professional and social connections available to 
undergraduate students.  

Third, the focus of the symposium is on real world issues and solutions.  Today, more 
than ever, when we see the impact of the global financial crisis on virtually every commu-
nity in the world, we need to prepare the next generation of leaders to master concepts of 
domestic and international economics, understand their real world dimensions and com-
municate clearly regarding their implications for public policy.  

Georgetown’s School of Foreign Service has a long and distinguished history—and its 
reputation keeps growing with the quality of its student body and faculty. Programs such 
as the Carroll Round offer a one-of-a-kind experience to our best students and burnish our 
reputation as a center of academic excellence.  I am extremely proud to be associated with 
this program and congratulate its founders, supporters and participants.  I look forward to 
the continued opportunity to support the Carroll Round in the years ahead.

Marianne M. Keler
SFS ’76; L’80
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sleeP-TradinG: The iMPaCT oF JeTlaG and 
lonGiTudinal disTanCe on inTernaTional 
bilaTeral Trade in Goods, equiTY and 

ForeiGn direCT invesTMenT

Claudio LoCasio
Dartmouth College

I.  Introduction
Anyone who has travelled abroad knows first-hand how devastating jetlag can be to 

ones energy level and motivation. But it seems that the ramifications of jetlag go beyond 
busloads of groggy tourists. While the progress of technology and globalization continually 
make the world seem more compact than ever, people still tend to prefer to work during the 
day and sleep at night. Therefore, time zones continue to be important in shaping the way 
we do business with other parts of the world. In this paper, I examine the effects of time 
zone differences on flows of equity, FDI, and goods.

As early as Linneman (1966) and as recently as Frankel and Romer (1999), trade in 
goods has been described using a gravity model, in which trade is correlated with economic 
size and inversely related to distance. More recently, several attempts have been made to 
expand this model to trade in assets. While the theoretical underpinnings of this research 
remain somewhat limited, the empirical results have been very convincing. As Portes and 
Rey (2005) show, distance not only measures transportation costs but can also acts as a 
proxy for informational frictions. It is for this reason that the simple gravity model can be 
applied to all three flows examined in this paper.

Using bilateral data for 14 developed countries, I show that the basic gravity 
model holds strongly for international flows of equity, FDI and goods. I then 
include longitudinal distance, as measured by time zone difference, in the 
regressions and find that it has a significant negative impact beyond that of 
distance. These results are found to be robust across several specifications 
and measures of longitudinal distance. The findings also suggest that more 
research on such often overlooked influences on worker efficiency could be 
worthwhile.

ABSTRACT
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While distance is clearly central to the gravity model, it has been applied in other 
areas of economics as well. Most notably, distance has also found its way into much of the 
literature on growth, usually in the form of latitude. Sachs (1995) talks extensively of the 
adverse effects of being located in the central latitudinal bands, and Acemoglu et al. (2001) 
discuss the impact of diseases and mortality rates (strongly correlated with latitude) on 
institutions.

Because of the dramatic climatic differences arising from latitudinal changes and their 
(somewhat debated) effect on growth, longitudinal variation had been largely underplayed 
in the literature until Stein and Daude (2007) looked at the effects of longitude on FDI 
stocks. They find that longitude, measured through time zone differences, has a negative 
impact on FDI stocks above and beyond that of distance. The authors also extend their 
work to look at trade, and observe a similar effect, although it is somewhat weaker.

In this paper, I will combine the work done on bilateral equity flows by Portes and Rey 
(2005) with the longitude study done by Stein and Daude (2007), and look at the effect of 
longitude on equity, goods and FDI flows between developed countries. This should act as 
robustness check on the results of both papers, as well as add to the literature by comparing 
all three flows in the same paper.

While one might imagine that time zones and jetlag are mere inconveniences and 
should not have a pronounced effect on the business world, similarly mundane factors have 
been found significant in the past. Kamstra et al. (2000) examine the tendency of equity 
returns to fall in weeks after daylight savings changes, and argue that this is due to the 
negative impacts of an interruption to the normal sleep cycle. If a time change of a single 
hour can have such a dramatic effect, imagine the consequences of the 11 hour difference 
between New York and Hong Kong!

There are two main conduits through which time zone difference can affect the flow 
of trade and information between countries: overlap of working hours and jetlag. Interna-
tional trade in both goods and assets requires communication between businesses in both 
countries. This communication can be achieved through either direct or indirect contact. 
In the former case, it is necessary to travel, and therefore jetlag becomes a concern. As the 
time difference between countries increases, it becomes more costly and time intensive to 
communicate in person, because individuals must adjust to a new time zone in addition to 
traveling and doing business. For the case of indirect forms of contact, such as phone calls 
or e-mail, there is a similar obstacle in that shared work hours diminish with increased time 
zone difference. Looking again at the example of New York and Hong Kong, two people 
working 9 to 5 jobs in those cities would never be working at the same time! Thus, both of 
the effects of time difference will act to exacerbate the informational frictions ordinarily 
arising from distance. 

While all three flow measures involve trade between countries, they are of distinctly 
different types, suggesting that each could be affected differently by time zone change. 
Keeping in mind the two consequences discussed above, it seems FDI should respond most 
strongly to changes in time zone, as it typically requires larger amounts of travel and more 
frequent communication than other types of investment. These two components are also 

4
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likely necessary for trade in goods, but to a somewhat lesser extent. Furthermore, trade 
in goods is generally less likely to suffer from informational frictions than trade in assets. 
Lastly, equity trade typically only requires indirect contact, and not personal interaction. 
Thus, I expect longitudinal distance to have the largest effect on FDI, followed by goods 
and equity flows1.

II. Data

To analyze the effect of longitude on bilateral trade flows, I use panel data from 1989-
1996 for 14 developed countries. While limiting the analysis to only developed countries 
may cause some biases in the results, it should be noted that bilateral trade between these 
countries constitutes the majority of global trading. In 1996, these countries accounted for 
86.6% of global equity market capitalization.2 Furthermore, sufficient bilateral data is only 
available for this restricted set of countries.

Moving to the trade variables, equity flows are defined as the sum of purchases and 
sales by domestic residents in the foreign stock market, and the data is taken from Portes 
and Rey (2005). The trade flow data is bilateral trade in manufactures as recorded in the 
OECD Bilateral Trade Data Base. The FDI data is also taken from the OECD, and records 
flows from the source to the destination country. All flow measures are logged throughout 
the paper.

The log of the great circle distance in miles between capital cities is used as the mea-
sure of distance. As in Stein and Daude (2007), longitudinal distance is measured as the 
difference in time zones between country capitals, yielding values between 1 and 12. For 
the sake of simplicity, daylight savings is not taken into account in the time zone data3. I 
also calculate the minimum and maximum time differences between countries using this 
method. The latitude and longitude data used for the calculation of certain variables is also 
based on country capitals.

In addition to the distance measures, I include several standard gravity model vari-
ables. To proxy for other information costs, I use data on the volume of telephone calls in 
millions of minutes between the countries, as well as the number of domestic bank branch-
es operating in the foreign country.4 Year dummies are also included in all regressions in 
order to control for shocks, although their values are not reported. See Table 1 for summary 
information on all of the main variables used in this paper.

While many of the variables used in these regressions appear in the two previously 
mentioned papers, it should be noted that there are some key distinctions that may have 
implications for the results. Stein and Daude (2007) looked at FDI stocks, but I use FDI

1 It should be noted here and elsewhere, however, that given the tentative nature of the theories dealing with 
international trade, it is difficult to say for sure how a particular variable might react.
2 Portes and Rey (2005), 278.
3 Sweden is also always considered representative of Scandinavia as a whole, for time zone, latitude and
longitude.
4 Both of these measures come from Portes and Rey (2005), and are normalized (telephone calls are also
logged).

5
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flows in this paper, in order to maintain consistency with the other flow measures. Also, the 
source and definition of the goods trade data differ slightly from the data used in the Stein 
and Daude paper.

Table 2 presents simple correlations between the flow variables and longitudinal dis-
tance. As expected, there is a negative correlation between all of the flows and time zone 
difference. Interestingly, of all of the flow measures, goods trade has the highest negative 
correlation. Table 3 shows correlations with the other main regression variables. Distance 
is of course highly correlated at .884, while the information proxies show the expected 
negative correlations.

III.  Empirical Results

I start the empirical section with a brief review of the gravity model. In its most ba-
sic form, the model can be expressed as follows: Fij = G * (Mi*Mj)/Dij, where F is bilat-
eral trade, G is a constant, M is economic mass and D is distance. While the model was 
originally used to describe trade in goods, its application was eventually extended to cover 
transactions in securities as well. Therefore, I begin by doing a simple regression of each 
trade flow on distance and economic mass.5 As seen in Table 4, all of the variables come in 
as highly significant, and with the appropriate signs. Distance affects all flows negatively, 
as both transportation costs and informational frictions tend to increase with distance. Eco-
nomic mass is positively correlated with trade, because larger consumer markets and more 
numerous investment opportunities are found in countries with bigger economies. Thus, all 
three flows seem to be very well described by the basic gravity model.

In Table 5 regressions (1) through (3), I add information variables to the specifica-
tion. Almost all of these variables come in as significant and correctly signed for all the 
flows, and act to reduce the effect of distance. Increased telephone traffic and foreign bank 
presence imply closer ties between the countries and thus lower informational friction, 
increasing trade. The one exception is bank presence for FDI flows, which is insignificant. 
Note also that this rather parsimonious specification explains between 56 and 72% of the 
variation of the different flows.

Time zone data finally enter the equation in regressions (4) through (6). It comes in as 
negative and significant for all flows, although only at the 10% level for equity. While the 
information variables are relatively unaffected by the inclusion of time zone, the impact 
of distance changes dramatically in all three cases. Comparisons are somewhat difficult 
due to the difference in units between the flow measures, but it is illustrative to examine 
the change in the distance coefficient once the time zone variable is added. The distance 
coefficient remains negative and significant throughout, but falls by 22% for equity, 57% 
for FDI and 35% for trade with the inclusion of time zone in the regression. This across the 
board drop shows that time zone difference indeed has an effect beyond that of mere dis-
tance. As shown in Table 6, this finding is also robust to the use of minimum and maximum

5 For equity and FDI flows, log(market capi) and log(market capj) are used as economic mass, while for
trade log(gdpi) + log(gdpj) is used.
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time difference between countries, although time zone difference loses its significance for 
equity flows.

While my hypothesis generally holds up quite well for these regressions, there are 
some surprising results. It seems that equity flows are not as affected by longitudinal dis-
tance as are the other flows. As mentioned above, equity trade generally requires less travel 
and personal contact, meaning that once other aspects of informational friction are con-
trolled for, time zone difference adds relatively little to transaction difficultly. Conversely, 
looking at the impact of including the time zone variable in regression (6), it seems that 
information plays a larger role in goods trade than had previously been thought. This sug-
gests that the while the gravity model was originally developed with distance as a proxy for 
transportation costs in mind, it is possible that informational considerations were at least 
equally important all along. Portes and Rey (2005) hint as much when they analyze the ap-
plication of the gravity model to trade in their paper.

IV.  Robustness

In order to examine the robustness of these results, I run the regression with several al-
ternative definitions of longitudinal distance. In Table 7, I divide the distance variable into 
North-South and East-West components. To get North-South distance, I held the longitude 
constant at the source country and varied the latitude ((lats,longs)- (latd,longs)). East-West 
difference is a little more complicated, as the distance between longitudinal lines is greater 
near the equator and smaller near the poles. Therefore, I took distance holding latitude 
constant for each country, and then averaged the two6. These two distance variables are 
included in the regression, replacing the single measure of distance used above.

Looking at the East-West distance variable, the results continue to hold up well. In re-
gressions (1) through (3) this distance comes in as significant and negative. When the time 
zone variable is included in regressions (4) through (6), the impact of East-West distance 
falls for each variable, dropping by 46% for equity, 42% for trade, and even becoming 
insignificant for FDI. However, for all of the regressions, the North-South distance is insig-
nificant (except at the 10% level in regression (2)). Given how strongly positive and robust 
distance is for all flows and specifications of the gravity model, the idea that a component 
of that distance would be insignificant is quite surprising.

As a further check, I run the regression with the latitudinal and longitudinal differ-
ence between countries as my measure of distance. While this metric is somewhat crude 
and simple, the results (shown in Table 8) are qualitatively similar to the divided distance 
regression discussed above, although latitudinal distance does become significant for trade. 
The fact that North-South distance remains insignificant across several regressions and 
flow types shows that there is something odd with the data. Although I hypothesize that 
longitude is a better proxy for informational friction, I would not go so far as to say that 
latitude is irrelevant. This is particularly true for trade, where distance is also important as

6 Thus, the distance would be the average of (lats, longs)-(latd, longs) and (latd, longs)-(latd, longd)
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a measure of transportation costs (which is the likely the explanation for the significance of 
latitudinal difference in the last regression). While the exact cause of this behavior is dif-
ficult to determine, it seems plausible that it might stem from the nature of the data set used. 
Most of the countries included in the above regressions lie in the northern hemisphere, so 
the latitudinal distances tend to be relatively lower than the longitudinal distances. Graphs 
1 and 2 present the frequency distributions of East-West and North-South distances, re-
spectively. There are a large number of smaller distances in both graphs due to the large 
presence of European countries in the data, but there are far more large East-West distances 
than North-South distances. This low variation in North-South distance acts to distort the 
data, and is a possible explanation for the insignificance of the variable.

Despite the odd behavior of latitude and North-South distance, the above robustness 
regressions corroborate the findings of this paper. East-West distance is found to be highly 
significant in all regressions, and when time zone difference is added to the specification, 
its impact drops dramatically. Thus, time zone difference is again shown to be a primary 
way in which East-West distance tends to hinder trade.

V.  Conclusion

In this paper, I analyze the effect of longitudinal distance on various bilateral trade 
flows. The basic gravity model is shown to hold strongly for equity, FDI and goods flows, 
but once time zone difference is added to the regression, the effect of distance drops dra-
matically. This result is robust to several different specifications and measures of longitu-
dinal distance. Equity flows are found to be the least responsive to time zone difference, 
and goods trade appears to be more affected by information costs than had been previously 
thought. These findings both support previous research as well as expand it to include three 
different flow measures.

Although the results described above are rather convincing, I feel that the data set 
was perhaps a little bit limited in scope. Considering the eccentric behavior of North-South 
distance, I believe that this research would benefit from an expanded data set. Particularly 
important is an expansion of the data to include countries in the southern hemisphere and 
central latitudinal bands, as well as a greater number of countries outside of Europe. Ad-
ditionally, it would be interesting to see if stock measures would respond to time zone dif-
ference in the same manner as the flow measures analyzed in this paper. Lastly, it might be 
best to check the sensitivity of results by choosing cities other than country capitals as a 
basis for distance, although previous studies that tried this saw few changes in their results.

Along the lines of the conclusions of Kamstra (2000) regarding the impact of daylight 
savings, these findings also suggest that economic metrics are much more susceptible to 
human factors than is commonly assumed. Both jetlag and office hour overlap might not 
seem like big problems at first, but if one imagines the day-to-day impact of such condi-
tions in an office environment, the results discussed above are not surprising. While such 
research is both useful and interesting, it lies at the intersection of economics and several 
other fields, and is therefore difficult to conduct. However, if the effort were made, much 
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could be gained by greater inter-disciplinary research into the effects of various common 
social and business practices on individuals and their ability to work effectively.
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Data Sources and Definitions

Equity Flow (logequityij): Log of the sum of purchases and sales by domestic residents on 
foreign stock markets: Cross Border Capital, London 1998.

FDI Flow (logfdiij): Log of outflows from source country to destination country: OECD. 
Goods Flow (logtradeij): Log of bilateral trade in manufactures: OECD Bilateral Trade 
Database.

Distance (logdistanceij): Log of great circle distance between country capitals, calculated 
from latitude and longitude.

North-South Distance (lognsdistanceij): Log of great circle distance between latitudes of 
the countries, holding longitude constant at the source.

East-West Distance (logewdistanceij): Log of average of the great circle distances between 
longitudes of the countries, holding latitude constant at both the source and the destination

GDP (sumgdp): Sum of the log GDP for both countries: IMF

Market Capitalization (logmarketcapi and logmarketcapj): Log of the product of shares 
outstanding and price: Datastream.

Telephone Traffic (logtelephoneij): Log of telephone traffic between countries in millions 
of minutes: Direction of traffic-Trends in International Telephone Tariffs 1996, Interna-
tional Telecommunications Union.

Bank Branches (banknorij): Number of domestically owned bank branches operating in the 
foreign country, normalized by market capitalization: Banker’s Almanac, various issues.

Time Zone Difference (timediffij): Hours of time difference between the two countries: 
wwp.greenwichmeantime.com.
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The ForM and deTerMinanTs oF The Co2 
eMissions-inCoMe relaTionshiP

Gerard DiPippo
Dartmouth College

I.  Introduction

The environmental Kuznets curve (EKC) hypothesis states that there is a quadratic, 
inverted-U relationship between pollution and per capita GDP.  As countries develop, their 
pollution levels will increase at a diminishing rate until, at some point, they will reach a 
critical level of per capita income beyond which their pollution levels will decrease.  The 
idea of the EKC first appeared in Grossman and Krueger (1995).1  Economic development 
affects pollution levels in three significant ways, as first suggested by Grossman (1995).  

First, economic growth results in a “scale effect.”  A larger scale of economic activity 
will in itself lead to more pollution and environmental degradation.  Most economic 
1  The original Kuznets curve posited an inverted-U relationship between economic inequality and economic 
development.  Simon Kuznets (1901-1985) did not do any research on environmental curves.  His name was 
attached to the EKC posthumously.

This paper explores the relationship between per capita GDP and per capita 
CO2 emissions across countries.  Unlike previous studies, it individually 
examines emissions from the burning of petroleum, natural gas, and coal, 
in addition to looking at total emissions.  Although emissions increase 
with income, the increase occurs at a diminishing rate until, eventually, the 
emissions levels of rich countries essentially become constant.  However, 
there is no evidence to suggest that countries pollute less overall once they 
reach a certain level of development.  Thus, this study demonstrates that 
the environmental Kuznets curve (EKC) does not hold for CO2 emissions.  
Although a cursory look at these reduced-form models may suggest 
otherwise, the income-emissions relationship is not truly parabolic for 
CO2 emissions.  Furthermore, this study examines how certain explanatory 
variables impact emissions levels.  Most notably, it presents evidence that 
being a service-oriented economy rather than an industrial economy reduces 
per capita emissions.  

ABSTRACT
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activities produce some pollutants as by-products, whether it is by emitting more pollutants 
into the air through industrial smokestacks or by using electricity from non-green sources.  
Furthermore, some economic activities, particularly industrial and agricultural, require 
environmental resources as inputs.

Second, economic growth can reduce pollution through a “composition effect”.  As 
economies grow in per capita terms, they tend to shift from being agricultural to being 
industrial and then finally to being services-oriented.  Development often leads to increased 
urbanization, which increases environmental efficiency and cleanliness overall, if not at the 
local level.    

Finally, growth can improve environmental efficiency by allowing wealthier countries 
to increase research and development and to implement cleaner, more-efficient technologies.  
Furthermore, the income elasticity of environmental demand may be such that as individual 
income grows people may care more about the environment and sustainability.  This is 
known as the “technique effect.”2 

In theory, the EKC could apply to any pollutant.  However, this assumes certain things 
about the pollutant in question.  The pollutant is the by-product of economic activity (scale 
effect).  The rate at which the pollutant is emitted or produced is correlated with certain 
kinds of economic activity or industries (composition effect).  Population concentrations 
and distributions affect environmental efficiency (composition effect).  Pollution-reducing 
technologies are available or could become available, given the appropriate R&D (technique 
effect).  Finally, as incomes increase, people prefer to reduce the rate at which the pollutant 
is emitted or the stock of the pollutant in the environment.

In the case of carbon dioxide (CO2), it is this last assumption that may be the most 
problematic.  In order for people to prefer to reduce a pollutant, they presumably must be 
negatively affected by the pollutant.  But what if the negative effects of a pollutant are 
diffuse, delayed, or do no harm locally?  CO2 is colorless, odorless, and non-poisonous.  
When emitted, it scatters into the atmosphere without any visible effects.  However, 
it is a greenhouse gas (the others are water vapor, ozone, methane, nitrous oxide, and 
chlorofluorocarbons) and has the highest atmospheric concentration of the greenhouse 
gases (along with water vapor).3  Greenhouse gases contribute to global climate change, 
which will negatively affect almost every population of humans on the planet.4  According 
to some estimates, about 60% of the global climate change that humans have caused since 
pre-industrial times is from CO2 emissions.  About 75% of the CO2 emitted by human 
activities comes from the burning of fossil fuels (the remainder comes from the clearing 
and burning of land).  CO2 is clearly a pollutant about which we should be concerned.  

What is the connection between economic growth and CO2 emissions?  And, if such a 
connection exists, is it true that the environmental Kuznets curve applies to CO2 emissions?  
2  For another summary of the three effects and a survey of the EKC literature, see Borghesi (1999).
3  For a thorough yet concise description of global climate change and its effects, see Miller (2005).
4  The projected effects of global climate change include reduced food production, reductions in water sup-The projected effects of global climate change include reduced food production, reductions in water sup-
plies in some areas, different compositions and locations of forests, droughts, increased frequency and seve-
rity of wildfires, reduced biodiversity, increased sea levels, more extreme weather conditions, the spread of 
tropical diseases (e.g. malaria) as higher-latitude areas become warmer, and political instability and growing 
numbers of environmental refugees.
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Does an increase in per capita GDP result in a reduction of per capita CO2 emissions?  Or 
is the relationship between economic growth and CO2 linear, indicating that economic 
growth will only exacerbate the effects of global climate change?

Previous research on the existence of an EKC for CO2 has produced mixed results.  
Seldon and Song (1994) concluded that the EKC holds for suspended particulate matter, 
sulfur dioxide, oxides of nitrogen, and carbon monoxide (although their study did not 
include CO2).  Roberts and Grimes (1997) observed the relationship between per capita 
GDP and carbon intensity (CO2 emissions per unit of GDP) change from being linear in 
1965 to being an EKC in 1990.  Moomaw and Unruh (1997) found that the relationship 
between per capita CO2 emissions and per capita GDP is N-shaped (third-order polynomial) 
for their sample of 16 OECD countries.  Carson et al. (1997) concluded that the per capita 
GDP turning points (i.e. top of the EKC) for global pollutants, such as CO2, are very high 
and have large standard errors.  Vincent (1997) looked at multiple air and water pollutants 
in Malaysia from the late 1970s to the early 1990s and found no EKC.  Bruyn et al. (1998) 
analyzed several air pollutants, including CO2, for the Netherlands, West Germany, the UK, 
and the US between 1960 and 1993 and found that emissions were positively correlated 
with growth.  Galeotti et al. (2006) found a CO2 EKC for OECD countries and a slowly 
declining (concave) curve for non-OECD countries.  Bertinelli and Strobl (2005) were 
unable to find an EKC for CO2 when looking at global panel data from 1950 to 1990.

Most studies of the CO2 EKC suffer from similar shortcomings.  First, it seems that 
many of them, especially those from the 1990s, rely on CO2 emissions data from the Oak 
Ridge National Laboratory (U.S. Department of Energy).  Although there is no reason to 
think these data are of poor quality, one may be concerned about the lack of data diversity.  
Furthermore, previous studies, whether of individual countries or multiple countries, do 
not use the most up-to-date data sets.  To the best of my knowledge, no global CO2 EKC 
study has included data from the mid-1990s onward.  Additionally, perhaps because of past 
data limitations, few cross-country studies have used data from all nations.  Past studies 
have also largely neglected control variables; they have looked at the relationship between 
emissions and per capita GDP without testing to see if certain additional variables affect 
that relationship.  Finally, as far as I can tell, no cross-country study has separated CO2 
emissions according to specific fossil fuel sources.  

In this paper, I hope to overcome these shortcomings.  Using cross-country CO2 
emissions data for 181 countries from the Energy Information Administration (U.S. 
Department of Energy), I will test to see if there is a quadratic relationship (EKC) between 
per capita CO2 emissions and per capita GDP.  The EIA data is unique because it also 
calculates international CO2 emissions from the three main fossil-fuel sources: petroleum, 
natural gas, and coal.  I will also test for an EKC for each of these sources.  Finally, I will 
experiment with various control variables and will analyze their impact on CO2 emissions 
and whether their addition converts the EKC into a linear relationship.  In this way, I intend 
to shed light onto the possible determinants of the EKC.  The study covers the years 1980 
through 2004.
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II.  Model & Data

This study will use a reduced-form model; that is, per capita CO2 emissions are 
expressed as a function of predetermined variables.  Bruyn et al. (1998) and Borghesi (1999) 
note that such a model allows one to estimate the effect of per capita income on per capita 
CO2 emissions.  However, Borghesi (1999), echoing the concerns of Cole et al. (1997) 
and Stern et al. (1994), criticizes the use of reduced-form models for EKC studies because 
they indicate correlation and not causality.  Environmental quality can affect economic 
output, thereby raising concerns about endogeneity.  Although the point is valid, I do not 
believe that it applies to CO2 emissions.  Although some pollutants may directly affect 
output (e.g. sulfur dioxide emissions could result in acid rain and a subsequent reduction 
in agricultural output), CO2 emissions do not result in any such effects, at least not in the 
short term.5  However, CO2 emissions may indirectly affect output if the CO2 emissions 
data capture the effects of fossil-fuel price or supply shocks (if any occurred).  Although 
this is a concern, one can correct for this by adding year dummy variables to the regression.  
Thus, a reduced-form model is suitable for modeling a CO2 EKC.

The basic model used in this study is as follows:

CO2capitai, t = B0 + B1cgdpi, t + B2(cgdp)2
i, t + B3X´i,  t + εi, t

The dependent variable is per capita CO2 emissions in metric tons.  The data on total 
CO2 emissions for each country come from the Energy Information Administration (U.S. 
Department of Energy).  The EIA calculates the data by determining each country’s 
consumption of fossil fuels and then multiplying that number by a carbon coefficient, 
which varies depending on the fossil fuel type.  Of course, these data are estimates of CO2 
emissions, but all national-level CO2 emissions data are constructed in this way.6  To obtain 
per capita emissions data, I simply divided each country’s total emissions in a given year 
by its population in that year (population data is from the Penn World Tables 6.2).   

Real per capita GDP (cgdp) data come from the Penn World Tables 6.2.  The data are 
PPP-adjusted and are in 2000 U.S. dollars.  For scaling purposes, I have converted cgdp 
to thousands of dollars.  X´ is a vector of control variables.  There are three geographic 
variables.  Urban is the percent of each country’s total population that lives in an urban 
area (WDI).  Popdensity is the average population density of each country calculated by 
dividing each country’s total population (PWT 6.2) by its land area in km2 (CIA World 
Factbook).  Avglatitude is each country’s average latitude (CIA World Factbook).  The 
remaining control variables are economic.  Services and industry are the percents of each 
country’s GDP that are from the service sector and the industrial sector, respectively (WDI).  
Oilexporter is a dummy variable with the value of 1 if the country is an OPEC member 
or if its net oil exports exceed one-million barrels per day in a given year (EIA).  Openc 
5  Of course, CO2 contributes to global climate change, which could certainly affect output.  But this occurs 
over the very long term.
6  This is simply because using the coefficient method is the only practical way to estimate national CO2 
emissions.
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is total trade (exports plus imports) as a percentage of GDP (PWT 6.2).  Highincome is a 
dummy variable with the value of 1 if the country’s per capita GDP is greater than or equal 
to $10,000 in a given year.7 

This study includes data from 181 countries from 1980 through 2004.8  However, 
there are 181 countries only in the preliminary base regressions.  The panel is unbalanced, 
and, as a result of some of the control variables, certain countries are dropped in the 
expanded model.  Thus, the expanded model includes only 172 countries.  Furthermore, 
not all countries use notable amounts of natural gas or coal.  The models for per capita CO2 
emissions from natural gas and coal include 101 countries and 110 countries, respectively.  
All regressions are corrected for heteroskedasticity and serial correlation.

III.  Functional Form & the EKC

Before adding control variables, I ran OLS regressions to determine if the relationship 
between CO2 emissions and per capita GDP is indeed an inverted-U, as the EKC predicts 
(see Table 1).  I first regressed emissions only on per capita GDP to determine if there is any 
relationship at all.  For obvious reasons, one would predict the variable to have a positive 
coefficient.  As Regressions 1, 4, 7, and 10 demonstrate, per capita GDP is both positive 
and highly significant (99% CI) with overall emissions and emissions from petroleum, 
natural gas, and coal, respectively.

To test if the relationship is an inverted-U, I added a squared per capita GDP variable 
to the equations.  If the EKC exists, both per capita GDP terms should be significant.  Per 
capita GDP should be positive and the squared term should be negative.  Mathematically, 
this is consistent with an inverted parabola.  Total per capita emissions do follow an inverted 
parabolic trajectory (Regression 2).  Both terms are highly significant (99% CI) and their 
signs are as predicted.  Per capita emissions from petroleum are also an inverted-U, with 
the squared term significant at the 95% CI (Regression 5).  Per capita emissions from 
natural gas are not quadratic (Regression 8).  The squared term is the correct sign, but it is 
insignificant.  This suggests that the relationship between per capita GDP and per capita 
CO2 emissions from natural gas is linear.  Finally, per capita emissions from coal are an 
inverted parabola, with both terms being significant at the 95% CI.

Moomaw and Unruh (1997) discuss the possibility that the relationship between 
emissions and income could be N-shaped.  To test this, I added a cubed per capita GDP 
variable.  This term turned out not to be significant in any case (Regressions 3, 6, 9, and 
12).  Thus, the N-shaped hypothesis is rejected.  

The relationships between emissions and income can be seen in Graphs 1 to 4.  All 
are quadratic, except for natural gas (Graph 3), which is linear.  The “turning points” for 
total emissions, petroleum emissions, and coal emissions occur at $49,160, $50,330, and 
7  See Appendix for variable diagnostics.
8  See Appendix for a complete list of the countries.  It should be noted that countries that offi cially di-See Appendix for a complete list of the countries.  It should be noted that countries that officially di-
sappeared after the dissolution of the USSR and the Soviet Bloc are omitted from the study (e.g. Czechoslo-
vakia).  They appear later (usually starting in the early 1990s) in their post-Soviet era form (e.g. Czech Repu-
blic).  Countries that remained intact throughout the period exist during all years of the study (e.g. Poland).    
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$27,318, respectively.  This is problematic because only one country, Luxembourg, has 
a per capita GDP that ever reaches approximately $50,000.  Graphs 1 and 2 demonstrate 
that the emissions-income relationship for total emissions and petroleum emissions, 
respectively, is more of a flattening curve rather than an inverted-U.  In other words, as 
per capita income increases, the level of per capita emissions increases at a decreasing rate 
until, at a certain point, it remains relatively constant.  This does imply that rich countries 
are able to increase per capita output without increasing emissions, which is certainly good 
news as far as global climate change is concerned.  However, the EKC theory states that, 
beyond a certain income, emissions should actually decrease.  This does not seem to occur.  
Thus, strictly speaking, the EKC hypothesis is rejected for total emissions and emissions 
from petroleum.

CO2 emissions from coal have a relationship with income that is much closer to 
what the EKC hypothesis predicts (Graph 4).  Visually speaking, the curve is clearly an 
inverted-U.  Furthermore, the $27,318 turning point is not higher than the actual per capita 
incomes of some of the richer countries.9  However, actually looking at the coal emissions 
data for these countries does not reveal a tendency to reduce emissions after reaching a 
per capita GDP of $27,000.  Netherlands and Norway both reduce their coal-generated 
emissions slightly, and Luxembourg reduces its emissions fairly significantly.  The other 
rich countries tend to maintain relatively constant emissions levels.  Thus, it seems as 
though Graph 4 is misleading.  Increased income may reduce the rate at which emissions 
from coal increase and eventually lead to a leveling-off.  However, the actual evidence 
does not indicate that the EKC hypothesis holds for coal-generated CO2 emissions. 

We can conclude that increased income eventually leads to a constant level of 
emissions for total, petroleum-generated, and coal-generated CO2 emissions.  The income-
emissions relationship is linear for natural gas.  The EKC hypothesis does not appear to 
hold generally in any case.

IV.  Determinants of the Curves

With the income-emissions relationship determined to be quadratic, I then added 
control variables into the equations to see which variables, if any, could explain emissions 
and to determine if their addition compromised the quadratic relationship.  One would 
expect the percentage of the population living in an urban area (urban) to be negatively 
correlated with emissions.  This is because cities are generally more carbon efficient than 
rural areas.  Cities compact many people into small areas and frequently permit people 
to travel on foot or via public transportation, if available.  The smaller, denser living 
accommodations should be more energy efficient, resulting in reduced per capita energy 
requirements.  Thus, countries which are more urbanized should have lower per capita 
emissions, ceteris paribus.  Population density (popdensity) should be negatively correlated 
9  The countries that have per capita GDPs that exceed $27,000 during the sample period are Australia, Aus-The countries that have per capita GDPs that exceed $27,000 during the sample period are Australia, Aus-
tria, Belgium, Bermuda, Brunei, Canada, Denmark, France, Germany, Hong Kong, Iceland, Ireland, Kuwait, 
Luxembourg, Macao, Netherlands, Norway, Qatar, Singapore, Sweden, Switzerland, United Arab Emirates, 
United Kingdom, and United States.
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with carbon emissions for many of the same reasons.  Including both of these variables 
may seem redundant.  However, I decided to include population density because it may 
capture carbon efficiencies that countries gain by having more compact rural societies.  A 
hypothetical country consisting of two farming villages of given populations may be more 
carbon efficient if it were small rather than large (i.e. its population density were higher) 
because less fuel would be required to power both villages and to travel between them.

Average latitude (avglatitude) is a proxy for average temperature.  Generally, countries 
farther away from the equator (i.e. countries that have higher average latitudes) are colder.  
Colder countries may use more fossil fuels in order to keep their populations warm, ceteris 
paribus.  Thus, average latitude should be positively correlated with carbon emissions.

One would expect service economies to be relatively carbon efficient.  Although 
services require energy, they do not require fossil fuel inputs for the production of goods, 
and services generally do not involve shipping, although service personnel do have to travel.  
Thus, services should be negatively correlated with emissions.  Conversely, “industry” 
should be positively correlated with emissions; a country which relies on industry for a 
larger share of its GDP will require more energy, ceteris paribus.

Being a major net oil exporter (oilexporter) should be positively correlated with total 
emissions and emissions from petroleum.  Such countries obviously have easy access 
to large amounts of oil and frequently have subsidies on fuel, thereby allowing their 
populations to use more oil at a lower cost than non-oil exporting countries would face.  
However, their large oil supplies may result in substitution effects; natural gas and coal 
may be more expensive relative to oil in such countries, and thus they may tend to use less 
natural gas and coal.  Thus, oilexporter should be negatively correlated with natural gas 
and coal CO2 emissions.  

Openness to trade (openc) should be positively correlated with total emissions and 
emissions from petroleum.  This is because relatively greater trade volumes imply greater 
volumes of transportation and shipping.  Such transportation requires oil and therefore 
should result in higher emissions.  However, it is not clear how trade would relate to 
emissions from coal or natural gas.  The variable should be insignificant in these cases.

The rich-country dummy variable (highincome) is intended to be an indicator variable 
rather than an explanatory variable.  One would expect richer countries to emit more CO2.  
I have included this variable to test if the expanded model adequately explains why rich 
countries have greater emissions.  If the variable is insignificant, it will suggest that the 
expanded model has done a good job explaining what it is about rich countries that makes 
them emit more. 

Table 2 shows the regression results for total emissions.  None of the three geographic 
variables is significant (Regression 2).  Increasing the percentage of a country’s GDP that 
comes from the service sector is negatively correlated with emissions at the 95% CI, as 
predicted (Regression 3).  Likewise, increasing the percent of GDP from industry (industry) 
is positive and significant at the 99% CI (Regression 4).  The magnitude of “industry” is 
greater than the magnitude of services.  Regression 5 includes all geographic variables and 
both services and industry.  The geographic variables remain insignificant, and services 
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loses its significance.  However, industry retains its positive coefficient and significance 
at the 95% CI.  This suggests that being an industrial economy has a greater effect on 
emissions than being a service economy.  Regression 6 adds oilexporter and openc.  Being 
an oil exporter turns out not to be significant, but openness to trade is positively correlated 
with greater per capita emissions at the 99% CI, as expected.  Curiously, services becomes 
significant, although only at the 90% CI.  Population density becomes significant at the 
95% CI, but the coefficient is very small, implying that increasing population density by 
100 people/km2 (a large increase) only increases per capita emissions by 0.0652 metric 
tons.  Regression 7 adds the rich-country dummy, which is highly significant (99% CI).  
This implies that the expanded model does not explain why rich countries have such 
larger per capita emissions (in this case, 2.664 metric tons).  Perhaps the difference could 
have something to do with consumption preferences and behaviors in rich countries, but, 
without further data, this is mere conjecture.  Also note that the addition of this rich-country 
dummy causes (cgdp)2 to become insignificant.  This is not surprising because the dummy 
is controlling for the same countries that would produce the curve.

The regression results for petroleum-related carbon emissions are presented in Table 
3.  Notice that in Regression 1, the squared term is significant at only the 90% CI.  As stated 
earlier, the addition of the control variables resulted in the loss of many observations.  Only 
172 countries are now in the regression.  The 181-country sample obviously has more data 
and should be relied upon for any judgments about the existence of an EKC or a curve 
indicating a leveling-out of emissions.  However, both Tables 2 and 3 use the 172-country 
sample for the sake of consistency across regressions.

Regression 2 indicates that the income-emissions relationship is linear, since the 
squared term loses its significance.  Urban is highly significant (99% CI), which makes 
sense because people do not have to drive as much or travel as far on average when they 
are living in cities as opposed to the countryside.  Regressions 3-5 show that services 
and industry are insignificant.  In Regression 6, oilexporter is not surprisingly positive, 
significant, and has a large coefficient.  Oil-exporting countries emit about 2 metric tons 
of CO2 per capita more than non-oil exporting countries do.  Openness to trade is again 
significant, probably reflecting oil used in international commerce.  Industry becomes 
significant and negative, surprisingly.  However, the coefficient is quite small and is only 
significant at the 90% CI.  Finally, since highincome is positive and significant (99% CI), 
Regression 7 demonstrates that the expanded model again does not capture what it is about 
rich countries that makes them emit more CO2. 

Table 4 displays the regression results for natural gas-derived emissions.  The squared 
term in Regression 1 is negative and significant, indicating a quadratic income-emissions 
relationship.  This is contrary to what I concluded above, but one must remember that this 
regression has about 200 fewer observations than the baseline regression in the previous 
section.  According to Regression 1, the “turning point” occurs at $30,340.  Population 
density and average latitude are both significant with 95% confidence in Regression 
2.  However, the coefficient on popdensity is small.  The average latitude coefficient is 
negative, contrary to prediction.  Perhaps this is because the temperature proxy is actually 
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a geographic variable.  It is possible that countries closer to the equator have larger natural 
gas reserves.  Regressions 4 and 5 suggest that service economies use less natural gas 
and that industrial economies use more.  Both coefficients are relatively large, and both 
variables are significant with 99% confidence.  This may be because many industrial 
plants use natural gas.  Being an oil exporter is not significantly correlated with natural 
gas-related emissions.  Openness to trade is again significant, but, in the case of natural 
gas, it is not clear why this should be the case.  Perhaps this indicates that the variable’s 
significance is related to more than just emissions from trade, itself.  The rich-country 
dummy is insignificant in Regression 7.  Initially, I thought this meant that the expanded 
model explained the difference between rich and non-rich country emissions.  However, 
after regressing emissions on the per capita GDP terms and highincome (not shown in 
the table), I found that the dummy is generally not significant.  This indicates that, when 
it comes to natural gas-related emissions, rich countries do not pollute more than poor 
countries (after controlling for per capita GDP).      

Finally, we arrive at emissions caused by burning coal (Table 5).  In Regression 
2, the coefficient on average latitude is positive, as predicted, but only at the 90% CI.  
Neither services nor industry is significant in any of the regressions.  Regressions 5-7 yield 
surprising results.  Per capita GDP is either barely significant or not significant at all after 
several control variables are added.  When all controls are added, per capita GDP is not 
correlated with coal-related emissions.  This would be a satisfying conclusion if the control 
variables proved to be highly significant.  But, except for oilexporter, they are not.  The R2 
value is fairly low with all regressions (at least lower than the regressions in the other three 
tables).  The low R2 value and lack of any outstandingly significant explanatory variables 
suggests that the model is just not very good at explaining per capita CO2 emissions from 
burning coal.

V.  Robustness Checks

To correct for any possible exogenous shocks that occurred during the sample period, 
I added year dummy variables.  Specifically, I was concerned about potential fossil-fuel 
price shocks that may have affected the OLS results described above.  The regression 
results with year dummies can be seen in Tables 6 to 9.  Except for some minor changes 
in coefficients and significances, the results with year dummies are no different than the 
results without them.  It seems as though there we no significant price shocks during the 
sample period, or, if there were any, they do not affect the results.

To control for potential unobserved heterogeneity that is characteristic of certain 
countries, I reran the regressions in Tables 2 to 5 using fixed effects estimation.  These 
results are displayed in Tables 10 to 13.  Average latitude is dropped from the model because 
it is constant for each country.  The oil exporter dummy is technically not constant, but I 
decided to drop it because there are only two countries for which it is not constant.  

In the case of total per capita emissions, the fixed effects estimation yields a highly 
significant (99% CI) and quadratic emissions-income relationship (Table 10).  However, 
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the magnitude of cgdp is greatly reduced.  The “turning point” occurs at about $31,000 
(Regression 1).  Once again, the curve does not accurately predict the data.  The actual data 
show that countries with per capita incomes greater than $31,000 tend to have constant, not 
declining, emissions.  Population density is highly significant (99% CI) and, surprisingly, 
negative; but the coefficient is quite small.  Furthermore, if countries with population 
densities greater than 1000 people/km2 (e.g. Hong Kong) are dropped, the variable becomes 
insignificant (regression not shown).  Urban is negative and significant, although only at 
the 90% CI.  Nothing else is significant.

The petroleum emissions model does not hold up well with fixed effects (Table 11).  
Per capita GDP is either barely significant (90% CI) or not significant at all.  Only population 
density is significant, but, again, the variable loses its significance when the most densely 
populated countries are omitted (regression not shown).  Nothing else is significant.  Note 
that with fixed effects the petroleum emissions model has an R2 value of only about 0.23 
(as opposed to about 0.60 in Table 3).

Fixed effects estimation undermines the significance of the natural gas emissions 
model as well (Table 12).  Only cgdp is significant, and its coefficient is relatively small.  
Nothing else is significant.  However, the R2 value is very small (about 0.08).

Unlike the other regressions, the coal emissions model seems to benefit from fixed 
effects estimation (Table 13).  Its R2 value actually improves, going from about 0.25 with 
OLS to 0.37 with fixed effects.  The per capita GDP variables are highly significant (99% 
CI).  Services is highly significant as well, and it has a negative coefficient, as predicted.  
The rich-country dummy is actually both highly significant and negative, which indicates 
that rich countries emit less CO 2 per capita from coal than other countries.  The coefficient 
is not small either; the average per capita emissions from coal is 1.55 metric tons for the 
countries in the total sample.  Being a rich country is correlated with having emissions about 
23% lower than the average.  One might think that this is due to the rich world’s transition 
away from industrial processes that use coal, but the industry variable is insignificant.  The 
negative high-income dummy may reflect a preference for non-coal fossil fuels or energy 
sources.  This makes sense because burning coal often results in more local pollutants than 
burning natural gas or oil.

VI.  Conclusion

Using all countries in the sample, I found that the relationship between per capita 
GDP and per capita CO2 emissions is an inverted parabola for total emissions, petroleum 
emissions, and coal emissions.  However, all of these curves have income “turning points” 
that are either very high or that do not reflect the actual behaviors of countries with incomes 
above those amounts.  The “turning points” are not magic numbers; rather, they seem to be 
the result of data aggregation.  Thus, the EKC hypothesis is rejected.  In the case of natural 
gas emissions, the income-emissions relationship seems to be more linear.

However, the parabolic relationships and the actual observations suggest that rich 
countries are able to experience economic growth without increasing per capita emissions.  
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This is undoubtedly encouraging news, because it means that an increase in living standards 
is not necessarily correlated with an increase in CO2 pollution.  

Next, I added control variables to the four models in an effort to identify the determinants 
of the curves.  Because the panel is unbalanced, some countries were dropped; only 172 
countries were available for these regressions.  The data seem to confirm all hypotheses 
about the variables, although not all variables were significant in every regression.  
Increased urbanization and population density were correlated with reduced emissions 
generally.  Average latitude was not usually significant, perhaps because it is a poor proxy 
for temperature.  Increasing the percentage of a country’s GDP that is from the services 
sector generally was correlated with lower emissions.  Likewise, increasing the share of 
GDP generated by industry was correlated with increased emissions.  Not surprisingly, 
service economies pollute less, ceteris paribus, than industrial economies.  Being a major 
net oil exporter was correlated with greater oil emissions and reduced coal emotions; this 
may be due to the relatively low price of oil in such countries and their tendencies to 
substitute oil for coal.  Increased openness to trade was associated with greater emissions, 
possibly reflecting greater fossil-fuel usage for transporting goods.  Finally, in the cases 
of total and petroleum emissions, high income countries pollute more and for reasons not 
adequately explained by the expanded models.    

Overall, the reduced-form cross-country models presented in this paper do not tell us 
that much about CO2 emissions.  Vincent (1997) may be justified in claiming that studies 
of individual countries may tell us more about pollution patterns.  However, this study does 
demonstrate that, generally speaking, countries’ per capita CO2 emissions increase with 
per capita GDP but at a declining rate.  Eventually, countries become efficient enough that 
they can grow without polluting more.  What may be the single most important factor in 
explaining this pattern—technology—is not captured directly by these models, although 
one could argue that it is imbedded in per capita income.

In the fight against global climate change, it is ultimately the stock of CO2 in the 
atmosphere, and not the flow of CO2 emissions, that really matters.  However, the most 
we can do is to reduce the rate at which humans add to that stock.  The fact that the EKC 
hypothesis does not hold for CO 2 leads to a disturbing conclusion:  global economic growth 
will, at best, fail to reduce total emissions and will, at worst, only increase them.  It is 
not possible for the countries of the world to “grow their way out” of this environmental 
problem.  An overall decrease in total emissions can probably only be achieved through 
exogenous factors, such as legislation, altered preferences, or new technologies.
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Table 2
Per capita CO2

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.897*** 0.833*** 1.041*** 0.724*** 0.800*** 0.816*** 0.543***

(0.092) (0.180) (0.150) (0.069) (0.150) (0.150) (0.160)
(cgdp)2 -0.0105*** -0.00854** -0.0129*** -0.00562** -0.00691** -0.00829*** -0.00395

(0.003) (0.004) (0.003) (0.003) (0.003) (0.003) (0.003)
urban 0.0298 0.0254 0.017 0.0215

(0.022) (0.024) (0.024) (0.024)
popdensity -0.00059 -0.00038 -0.000652** -0.000653**

(0.000) (0.000) (0.000) (0.000)
avglatitude -0.0276 -0.0222 -0.002 -0.00167

(0.029) (0.026) (0.021) (0.021)
services -0.0828** -0.043 -0.0547* -0.0414

(0.04) (0.03) (0.03) (0.03)
industry 0.109*** 0.0704** 0.0258 0.0405

(0.040) (0.029) (0.029) (0.029)
oilexporter 2.857 2.922

(2.010) (1.990)
openc 0.0223*** 0.0225***

(0.008) (0.008)
highincome 2.664***

(0.830)
Constant -0.720*** -1.182* 2.822* -3.250*** -0.931 -1.04 -1.623

(0.240) (0.650) (1.570) (1.080) (1.060) (1.110) (1.070)
Observations 3458 3458 3458 3458 3458 3458 3458

R-squared 0.55 0.57 0.58 0.59 0.60 0.63 0.63

172 countries. *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 3
Per Capita CO2 from Petroleum

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.429*** 0.337*** 0.442*** 0.390*** 0.334*** 0.346*** 0.154**

(0.058) (0.081) (0.086) (0.048) (0.091) (0.078) (0.074)
(cgdp)2 -0.00344* -0.00148 -0.00366 -0.00234 -0.00125 -0.00231 0.000738

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001)
urban 0.0332*** 0.0327*** 0.0267*** 0.0298***

(0.009) (0.010) (0.009) (0.008)
popdensity -8.1E-06 2.72E-05 -0.00019 -0.00019

(0.000) (0.000) (0.000) (0.000)
avglatitude -0.0273 -0.0263 -0.0109 -0.0107

(0.019) (0.018) (0.013) (0.013)
services -0.00771 -0.00863 -0.0184 -0.00907

(0.022) (0.018) (0.017) (0.017)
industry 0.0245 0.0112 -0.0228* -0.0125

(0.021) (0.012) (0.013) (0.012)
oilexporter 2.077** 2.122**

(1.000) (0.970)
openc 0.0177*** 0.0179***

(0.006) (0.006)
highincome 1.869***

(0.440)
Constant -0.168 -0.743*** 0.161 -0.737 -0.633 -0.734 -1.142**

(0.160) (0.230) (0.850) (0.580) (0.650) (0.590) (0.570)
Observations 3457 3457 3457 3457 3457 3457 3457
R-squared 0.56 0.59 0.56 0.56 0.59 0.65 0.66

172 countries. *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 4
Per Capita CO2 from Natural Gas

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.321*** 0.496** 0.551*** 0.248*** 0.431*** 0.455*** 0.401**

(0.095) (0.190) (0.140) (0.070) (0.140) (0.140) (0.160)
(cgdp)2 -0.00529** -0.00798** -0.00842*** -0.00236 -0.00569** -0.00712*** -0.00621**

(0.002) (0.004) (0.003) (0.002) (0.003) (0.003) (0.003)
urban -0.0147 -0.0181 -0.0228 -0.0222

(0.038) (0.043) (0.043) (0.043)
popdensity -0.000914** -0.00037 -0.00103** -0.00102**

(0.000) (0.000) (0.000) (0.000)
avglatitude -0.0687** -0.0329* -0.0322* -0.0320*

(0.028) (0.017) (0.018) (0.018)
services -0.147*** -0.0295 -0.0268 -0.0248

(0.046) (0.064) (0.062) (0.063)
industry 0.163*** 0.120* 0.0899 0.0921

(0.047) (0.062) (0.063) (0.063)
oilexporter 1.086 1.1

(1.190) (1.190)
openc 0.0175** 0.0175**

(0.008) (0.008)
highincome 0.502

(0.590)
Constant -0.182 1.789 5.839*** -5.682*** -1.649 -1.881 -1.918

(0.330) (1.740) (1.790) (1.750) (3.260) (3.260) (3.290)
Observations 1762 1762 1762 1762 1762 1762 1762
R-squared 0.12 0.20 0.27 0.30 0.32 0.35 0.36

101 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 5
Per Capita CO2 from Coal

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.261*** 0.178*** 0.247*** 0.257*** 0.130* 0.117 0.104

(0.041) (0.059) (0.045) (0.043) (0.077) (0.080) (0.068)
(cgdp)2 -0.00495*** -0.00324*** -0.00475*** -0.00479*** -0.00236 -0.00206 -0.00184

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.001)
urban 0.00562 -0.00088 0.00107 0.00127

(0.007) (0.011) (0.011) (0.011)
popdensity -0.00016 -0.00016 -0.000183* -0.000183*

(0.000) (0.000) (0.000) (0.000)
avglatitude 0.0270* 0.0291** 0.0278* 0.0278*

(0.014) (0.015) (0.015) (0.015)
services 0.00689 0.0303 0.0305 0.0312

(0.015) (0.025) (0.025) (0.023)
industry 0.00693 0.0207 0.0282 0.029

(0.014) (0.024) (0.026) (0.024)
oilexporter -1.013** -1.002**

(0.450) (0.470)
openc 0.000771 0.000782

(0.006) (0.006)
highincome 0.123

(0.510)
Constant -0.136 -0.803** -0.417 -0.345 -2.498* -2.724* -2.757*

(0.170) (0.350) (0.600) (0.360) (1.470) (1.480) (1.430)
Observations 1931 1931 1931 1931 1931 1931 1931
R-squared 0.22 0.26 0.22 0.22 0.27 0.28 0.28

110 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 6
Per Capita CO2 (with year dummies)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.904*** 0.854*** 1.045*** 0.735*** 0.824*** 0.843*** 0.630***

(0.089) (0.170) (0.140) (0.070) (0.150) (0.150) (0.150)
(cgdp)2 -0.00964*** -0.00793** -0.0120*** -0.00492* -0.00648** -0.00789*** -0.00454

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
urban 0.0276 0.0241 0.0156 0.0191

(0.022) (0.024) (0.024) (0.024)
popdensity -0.0006 -0.0004 -0.000687*** -0.000685***

(0.000) (0.000) (0.000) (0.000)
avglatitude -0.0289 -0.0235 -0.00261 -0.00234

(0.029) (0.026) (0.021) (0.021)
services -0.0810** -0.0437 -0.0564** -0.0458*

(0.039) (0.029) (0.028) (0.027)
industry 0.104*** 0.0653** 0.0188 0.0308

(0.039) (0.029) (0.029) (0.029)
oilexporter 2.89 2.938

(1.980) (1.960)
openc 0.0234*** 0.0234***

(0.007) (0.007)
highincome 2.054***

(0.720)
Constant 0.957*** 0.59 4.343*** -1.836 0.682 0.598 0.0637

(0.320) (0.690) (1.520) (1.200) (1.070) (1.130) (1.090)
Observations 3458 3458 3458 3458 3458 3458 3458
R-squared 0.57 0.59 0.59 0.6 0.61 0.65 0.65

172 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected for 
heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) in thousands 
of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in an urban area (WDI).  
“Popdensity” is population density in number of individuals per km2 (population from PWT 6.2, land area from CIA World 
Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” and “industry” are the percents of each 
country’s GDP that are from the service sector and the industrial sector, respectively (WDI).  “Oilexporter” is a dummy 
variable with the value of 1 if the country is an OPEC member or if its net oil exports exceed one-million barrels per day in 
a given year (EIA).  “Openc” is total trade (exports plus imports) as a percentage of GDP (PWT 6.2).  “Highincome” is a 
dummy variable with the value of 1 if the country’s per capita GDP is greater than or equal to $10,000 in a given year.
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Table 7
Per Capita CO2 from Petroleum (with year dummies)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.433*** 0.349*** 0.444*** 0.398*** 0.350*** 0.364*** 0.208***

(0.055) (0.081) (0.082) (0.046) (0.090) (0.076) (0.077)
(cgdp)2 -0.00292 -0.00112 -0.00311 -0.00195 -0.00102 -0.00209 0.000347

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001)
urban 0.0319*** 0.0319*** 0.0258*** 0.0283***

(0.009) (0.010) (0.008) (0.008)
popdensity -1.5E-05 1.47E-05 -0.00021 -0.00021

(0.000) (0.000) (0.000) (0.000)
avglatitude -0.028 -0.0272 -0.0114 -0.0112

(0.019) (0.018) (0.013) (0.013)
services -0.00653 -0.00907 -0.0196 -0.0118

(0.022) (0.018) (0.017) (0.016)
industry 0.0214 0.00778 -0.0274** -0.0187

(0.020) (0.012) (0.013) (0.012)
oilexporter 2.099** 2.134**

(0.980) (0.960)
openc 0.0184*** 0.0184***

(0.006) (0.006)
highincome 1.497***

(0.390)
Constant 0.821*** 0.27 1.094 0.247 0.428 0.349 -0.0403

(0.210) (0.300) (0.830) (0.650) (0.650) (0.570) (0.550)
Observations 3457 3457 3457 3457 3457 3457 3457
R-squared 0.58 0.61 0.58 0.58 0.61 0.68 0.69

172 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 8
Per Capita CO2 from Natural Gas (with year dummies)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.316*** 0.497** 0.544*** 0.240*** 0.427*** 0.459*** 0.433***

(0.091) (0.190) (0.130) (0.067) (0.130) (0.130) (0.150)
(cgdp)2 -0.00463** -0.00744** -0.00782*** -0.00184 -0.00521** -0.00675*** -0.00633**

(0.002) (0.004) (0.003) (0.002) (0.002) (0.002) (0.003)
urban -0.0171 -0.0197 -0.0245 -0.0242

(0.038) (0.043) (0.043) (0.043)
popdensity -0.000894** -0.00036 -0.00109** -0.00109**

(0.000) (0.000) (0.000) (0.000)
avglatitude -0.0679** -0.0326* -0.0324* -0.0323*

(0.028) (0.017) (0.019) (0.019)
services -0.145*** -0.0291 -0.0291 -0.028

(0.045) (0.065) (0.064) (0.064)
industry 0.163*** 0.120* 0.0829 0.0843

(0.048) (0.064) (0.065) (0.065)
oilexporter 1.101 1.106

(1.180) (1.180)
openc 0.0192** 0.0191**

(0.009) (0.009)
highincome 0.232

(0.530)
Constant 0.890** 2.976 6.368*** -5.678*** -1.356 -1.099 -1.135

(0.380) (1.820) (1.780) (1.940) (3.540) (3.540) (3.570)
Observations 1762 1762 1762 1762 1762 1762 1762
R-squared 0.14 0.22 0.28 0.31 0.33 0.37 0.37

101 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 9
Per Capita CO2 from Coal (with year dummies)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.264*** 0.188*** 0.249*** 0.262*** 0.142 0.129 0.14

(0.043) (0.066) (0.047) (0.047) (0.087) (0.092) (0.091)
(cgdp)2 -0.00481*** -0.00326*** -0.00459*** -0.00474*** -0.00245 -0.00217 -0.00233

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.002)
urban 0.00413 -0.00174 0.000117 -5.3E-05

(0.007) (0.011) (0.011) (0.011)
popdensity -0.000161* -0.00017 -0.000193* -0.000193*

(0.000) (0.000) (0.000) (0.000)
avglatitude 0.0266* 0.0285* 0.0273* 0.0273*

(0.014) (0.015) (0.016) (0.016)
services 0.00737 0.0291 0.0293 0.0287

(0.015) (0.026) (0.026) (0.024)
industry 0.00336 0.0168 0.0238 0.0231

(0.015) (0.026) (0.028) (0.027)
oilexporter -0.968** -0.974**

(0.470) (0.490)
openc 0.00114 0.00115

(0.006) (0.006)
highincome -0.0888

(0.490)
Constant 0.268 -0.404 -0.0277 0.155 -1.97 -2.24 -2.204

(0.250) (0.430) (0.560) (0.600) (1.710) (1.720) (1.630)
Observations 1931 1931 1931 1931 1931 1931 1931
R-squared 0.22 0.27 0.23 0.22 0.27 0.29 0.29

110 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Avglatitude” is average latitude (CIA World Factbook).  “Services” 
and “industry” are the percents of each country’s GDP that are from the service sector and the industrial sector, 
respectively (WDI).  “Oilexporter” is a dummy variable with the value of 1 if the country is an OPEC member or if its 
net oil exports exceed one-million barrels per day in a given year (EIA).  “Openc” is total trade (exports plus imports) 
as a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 10
Per Capita CO2 (Fixed Effects)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.375*** 0.394*** 0.399*** 0.369*** 0.401*** 0.402*** 0.375***

(0.062) (0.057) (0.068) (0.062) (0.058) (0.058) (0.055)
(cgdp)2 -0.00596*** -0.00686*** -0.00626*** -0.00570*** -0.00681*** -0.00690*** -0.00643***

(0.002) (0.001) (0.002) (0.002) (0.001) (0.001) (0.001)
urban -0.0351* -0.0324* -0.0338* -0.0322*

(0.019) (0.018) (0.019) (0.019)
popdensity 0.00271*** 0.00276*** 0.00270*** 0.00271***

(0.001) (0.001) (0.001) (0.001)
services -0.0238 -0.0146 -0.0163 -0.0158

(0.024) (0.013) (0.012) (0.012)
industry 0.0205 0.0131 0.00954 0.0105

(0.026) (0.019) (0.024) (0.024)
openc 0.00309 0.00298

(0.006) (0.006)
highincome 0.251

(0.370)
Constant 2.449*** 3.587*** 3.542*** 1.853** 3.757*** 3.786*** 3.735***

(0.310) (0.840) (1.130) (0.790) (0.920) (0.920) (0.930)
Observations 3458 3458 3458 3458 3458 3458 3458
R-squared 0.15 0.20 0.16 0.16 0.21 0.21 0.21

172 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected for 
heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) in thousands 
of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in an urban area (WDI).  
“Popdensity” is population density in number of individuals per km2 (population from PWT 6.2, land area from CIA World 
Factbook).  “Services” and “industry” are the percents of each country’s GDP that are from the service sector and the 
industrial sector, respectively (WDI).  “Openc” is total trade (exports plus imports) as a percentage of GDP (PWT 6.2).  
“Highincome” is a dummy variable with the value of 1 if the country’s per capita GDP is greater than or equal to $10,000 in 
a given year.
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Table 11
Per Capita CO2 from Petroleum (Fixed Effects)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.0964* 0.0833 0.0967* 0.0969* 0.0842 0.0841 0.0638

(0.054) (0.062) (0.058) (0.055) (0.067) (0.067) (0.072)
(cgdp)2 0.000602 0.000392 0.000599 0.000579 0.000378 0.000402 0.000771

(0.001) (0.002) (0.001) (0.001) (0.002) (0.002) (0.002)
urban -0.00743 -0.00734 -0.00699 -0.00581

(0.010) (0.009) (0.009) (0.010)
popdensity 0.00222** 0.00222** 0.00224** 0.00224**

(0.001) (0.001) (0.001) (0.001)
services -0.00027 -0.00088 -0.00044 -7.7E-05

(0.008) (0.006) (0.006) (0.006)
industry -0.00182 -0.00039 0.000539 0.00127

(0.007) (0.006) (0.008) (0.008)
openc -0.00081 -0.00089

(0.003) (0.003)
highincome 0.195

(0.210)
Constant 1.725*** 1.730*** 1.737*** 1.778*** 1.777*** 1.770*** 1.730***

(0.280) (0.330) (0.340) (0.340) (0.450) (0.440) (0.450)
Observations 3457 3457 3457 3457 3457 3457 3457
R-squared 0.19 0.27 0.19 0.19 0.27 0.27 0.27

172 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Services” and “industry” are the percents of each country’s GDP that are 
from the service sector and the industrial sector, respectively (WDI).  “Openc” is total trade (exports plus imports) as 
a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 12
Per Capita CO2 from Natural Gas (Fixed Effects)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.116** 0.157** 0.143* 0.117*** 0.159** 0.152** 0.0995**

(0.045) (0.062) (0.076) (0.044) (0.071) (0.073) (0.048)
(cgdp)2 -0.00062 -0.00132 -0.00098 -0.00049 -0.00121 -0.00135 -0.00038

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
urban -0.0435 -0.0383 -0.0455 -0.0429

(0.043) (0.036) (0.037) (0.037)
popdensity 0.000153 0.0002 -8.2E-05 -4.9E-05

(0.000) (0.000) (0.001) (0.001)
services -0.024 -0.00478 -0.00884 -0.00801

(0.046) (0.021) (0.018) (0.017)
industry 0.0249 0.0187 0.0107 0.0131

(0.048) (0.034) (0.040) (0.040)
openc 0.00996 0.00949

(0.012) (0.012)
highincome 0.544

(0.410)
Constant 1.120*** 3.489 2.179 0.204 2.713 3.023 2.916

(0.320) (2.420) (2.040) (1.790) (1.820) (1.840) (1.820)
Observations 1762 1762 1762 1762 1762 1762 1762
R-squared 0.07 0.07 0.07 0.07 0.08 0.09 0.1

101 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected 
for heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) 
in thousands of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in 
an urban area (WDI).  “Popdensity” is population density in number of individuals per km2 (population from PWT 
6.2, land area from CIA World Factbook).  “Services” and “industry” are the percents of each country’s GDP that are 
from the service sector and the industrial sector, respectively (WDI).  “Openc” is total trade (exports plus imports) as 
a percentage of GDP (PWT 6.2).  “Highincome” is a dummy variable with the value of 1 if the country’s per capita 
GDP is greater than or equal to $10,000 in a given year.
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Table 13
Per Capita CO2 from Coal (Fixed Effects)

(1) (2) (3) (4) (5) (6) (7)
cgdp 0.250*** 0.253*** 0.276*** 0.253*** 0.278*** 0.278*** 0.315***

(0.071) (0.073) (0.071) (0.071) (0.072) (0.071) (0.068)
(cgdp)2 -0.00769*** -0.00785*** -0.00802*** -0.00766*** -0.00819*** -0.00814*** -0.00880***

(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002)
urban -0.00809 -0.00418 -0.00332 -0.00672

(0.011) (0.011) (0.011) (0.010)
popdensity 0.000692 0.000697 0.000748 0.000732

(0.000) (0.000) (0.000) (0.000)
services -0.0201*** -0.0246*** -0.0229*** -0.0230***

(0.007) (0.008) (0.008) (0.008)
industry 0.0103 -0.00737 -0.00504 -0.00589

(0.009) (0.009) (0.010) (0.010)
openc -0.00225 -0.00193

(0.002) (0.002)
highincome -0.356***

(0.140)
Constant 0.381 0.646 1.289*** 0.0274 1.815*** 1.752*** 1.850***

(0.270) (0.410) (0.410) (0.340) (0.640) (0.650) (0.640)
Observations 1931 1931 1931 1931 1931 1931 1931
R-squared 0.36 0.37 0.37 0.36 0.38 0.38 0.39

110 countries.  *** p<0.01, ** p<0.05, * p<0.1.  Robust standard errors in parentheses.  All regressions corrected for 
heteroskedasticity and serial correlation.  Emissions in metric tons (EIA).  PPP-adjusted per capita GDP (cgdp) in thousands 
of 2000 U.S. dollars (PWT 6.2).  “Urban” is the percent of the country’s total population that lives in an urban area (WDI).  
“Popdensity” is population density in number of individuals per km2 (population from PWT 6.2, land area from CIA World 
Factbook).  “Services” and “industry” are the percents of each country’s GDP that are from the service sector and the industrial 
sector, respectively (WDI).  “Openc” is total trade (exports plus imports) as a percentage of GDP (PWT 6.2).  “Highincome” 
is a dummy variable with the value of 1 if the country’s per capita GDP is greater than or equal to $10,000 in a given year.
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Countries

Afghanistan, Albania, Algeria, Angola, Antigua, Argentina, Armenia, Australia, Austria, Azerbaijan, Baha-
mas, Bahrain, Bangladesh, Barbados, Belarus, Belgium, Belize, Benin, Bermuda, Bhutan, Bolivia, Bosnia 
and Herzegovina, Botswana, Brazil, Brunei, Bulgaria, Burkina Faso, Burundi, Cambodia, Cameroon, Canada, 
Cape Verde, Central African Republic, Chad, Chile, China, Colombia, Comoros, Congo, Dem. Rep., Congo, 
Republic of, Costa Rica, Cote d`Ivoire, Croatia, Cuba, Cyprus, Czech Republic, Denmark, Djibouti, Domi-
nica, Dominican Republic, Ecuador, Egypt, El Salvador, Equatorial Guinea, Eritrea, Estonia, Ethiopia, Fiji, 
Finland, France, Gabon, Gambia, Georgia, Germany, Ghana, Greece, Grenada, Guatemala, Guinea, Guinea-
Bissau, Guyana, Haiti, Honduras, Hong Kong, Hungary, Iceland, India, Indonesia, Iran, Iraq, Ireland, Israel, 
Italy, Jamaica, Japan, Jordan, Kazakhstan, Kenya, Kiribati, Korea, Dem. Rep., Korea, Republic of, Kuwait, 
Kyrgyzstan, Laos, Latvia, Lebanon, Lesotho, Liberia, Libya, Lithuania, Luxembourg, Macao, Macedonia, 
Madagascar, Malawi, Malaysia, Maldives, Mali, Malta, Mauritania, Mauritius, Mexico, Moldova, Mongolia, 
Morocco, Mozambique, Namibia, Nepal, Netherlands, New Zealand, Nicaragua, Niger, Nigeria, Norway, 
Oman, Pakistan, Panama, Papua New Guinea, Paraguay, Peru, Philippines, Poland, Portugal, Puerto Rico, 
Qatar, Romania, Russia, Rwanda, Samoa, Sao Tome and Principe, Saudi Arabia, Senegal, Seychelles, Sierra 
Leone, Singapore, Slovak Republic, Slovenia, Solomon Islands, Somalia, South Africa, Spain, Sri Lanka, 
Sudan, Suriname, Swaziland, Sweden, Switzerland, Syria, Taiwan, Tajikistan, Tanzania, Thailand, Togo, 
Tonga, Trinidad &Tobago, Tunisia, Turkey, Turkmenistan, Uganda, Ukraine, United Arab Emirates, United 
Kingdom, United States, Uruguay, Uzbekistan, Vanuatu, Venezuela, Vietnam, Yemen, Zambia, Zimbabwe

Appendix

Variable Diagnostics
Variable Obs Mean Std. Dev. Min Max

Dependent Variables
co2capita 4235 4.649792 6.960281 0 60.01
co2petro_capita 4231 2.542595 3.449966 0.01 26.29
co2gas_capita 2079 2.633175 5.785109 0.01 53.48
co2coal_capita 2230 1.551498 2.298279 0.01 21.19

Independent Variables
cgdp 4063 7.10095 7.781515 0.15506 54.28546
(cgdp)2 4063 110.9606 225.5902 0.024044 2946.911
urban 4499 51.00914 24.30282 4.3 100
popdensity 4524 240.0898 1117.473 1.06 15755.47
avglatitude 4524 25.47359 16.82692 1 65
services 3727 51.11357 14.02983 3.75 92.69
industry 3726 30.27355 12.17827 1.88 92.16
oilexporter 4524 0.089523 0.285528 0 1
openc 4063 80.89492 50.20737 0.85 427.88
highincome 4525 0.228508 0.419918 0 1
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Give Me liberTY or Give Me PorK - 
eThniC seCession as a barGaininG GaMe

Yi Kang
Wesleyan College

I.  Introduction

Secession is usually defined as a formal withdrawal from a recognized political union. 
It carries unavoidable economic and social consequences whether as the result of unilateral 
action or bilateral agreement. It frequently leads to civil war, prolonged bitterness and 
social strife. Gurr (2000) indicates that secessionist movements are present in at least 
52 countries. Since 1990, “over twenty new sovereign states have been created through 
secessions and break up of countries” (Spolaore 2007). Political scientists and philosophers 
sometimes address it from the perspective of positive and negative rights and ask whether 
such privilege justifies a divorce from a union. Politicians, when faced with such threats of 
their own governance, have often responded by whipping up a frenzy of their own to counter 
the secessionist agenda. In all practicality, this “contemporary fetish about sovereignty” is 
generally based on real concerns that any other stance would give signal to ones enemies 
to “pick at a country’s territory.” The argument goes that if you let the camel’s nose into 
the tent, the whole unruly animal will surely follow through (Horowitz, 2000). Thus in 
many countries secession becomes an ideological, administrative and legal impossibility. 
China’s anti-secession law, passed in the face of Taiwan’s threat of independence, equates 
secession with political treason. At the other end of the spectrum, the secession clause 
contained in the Constitution of the European Union is perhaps the first of its kind to 

Using bilateral data for 14 developed countries, I show that the basic gravity 
model holds strongly for international flows of equity, FDI and goods. I then 
include longitudinal distance, as measured by time zone difference, in the 
regressions and find that it has a significant negative impact beyond that of 
distance. These results are found to be robust across several specifications 
and measures of longitudinal distance. The findings also suggest that more 
research on such often overlooked influences on worker efficiency could be 
worthwhile.

ABSTRACT
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give an “exit option” to members. Kosovo’s recent unilateral declaration of independence 
and the varying responses of the international community thereof, is yet another case that 
demonstrates the complexity and conflicting nature of secessions.

Bolton and Roland (1997), in their paper on this subject, assert that: “From an economic 
efficiency point of view, separation of nations is never desirable. A unified nation is always 
more efficient... Furthermore, any benefits of decentralization that might be obtained in 
a world with several nations may also be achieved within a unified nation by replicating 
the administrative structure of the world with several nations and implementing a suitable 
degree of decentralization of authority among regions.” 

Economics cannot answer whether secession is “justified”: a secession with human 
rights grievances and one without are treated the same, even though one might argue that 
the former is more “justified”. What this paper seeks to do is to explain why secessions 
(in particular ethnic secessions) and secession threats occur. Throughout the rest of this 
study, “secession” and “secession threats” will be used interchangeably with the former 
appearing most of the time.

II.  Literature Review

Secessions occur with or without legal sanctions, unilaterally or out of mutual 
consent. Early work on this topic went under the title of “internal exit” as in Buchanan 
and Faith (1987) who defined it as taking “the form of secession by a coalition of people 
from an existing political unit along with the establishment of a new political unit that will 
then provide public goods to those who defect from the original unit.” They proceeded to 
examine the effect of taxation by the “sharing coalition” on the behavior of “non-sharers,” 
who constitutes the potential secessionist group. Secession also ties in to the economics 
of appropriation, which assumes the existence of conflict even when given the win-win 
nature of trade and cooperation (Garfinkel, Skaperdas 2006) (Hirshleifer 1989, 1991, 
1995). Interestingly, international conflict decreases separatist incentives while a relatively 
peaceful world encourages secessions by making national defense a less valued benefit 
(Alesina and Spolaore 2004). 

As “an outgrowth of the local public finance literature and of the literature on fiscal 
federalism,” secession (otherwise termed the determination of the number and size of 
nations) is often treated as the result of rational choice by a group of individuals. These 
scholars consider the tradeoff between production of scale and preference deviation 
resulting from a larger and hence more heterogeneous population (Alesina, Spolaore 1997) 
(Spolaore 2007) (Goyal and Staal 2004). Goyal and Staal also pointed out that unification 
is likely to “take place between similar sized regions” while “majority voting leads to 
excessive separation from a social point of view.” Public good provision is the central 
theme of this branch of literature and the word “government” frequently describes not only 
administrative structure, but a package of economic, administrative, judicial services and 
public policies (Alesina, Spolaore 1997) (Goyal and Staal 2004). The Hotelling Location 
model has been utilized in different forms to illustrate this kind of rational choice, with 
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the preference of the median voter placed at the center and dissatisfaction measured by 
the distance from the middle point. In all cases, the borders of a country are modeled as 
a variable implicitly or explicitly determined by the interplay between different interest 
parties.

Specifically, Bolton and Roland (1997) see secessions as the result of differences in 
regional preferences over public goods / fiscal policy and income disparity. They consider 
factor movements across regions and point to several interesting results. First, when income 
disparity sustains across regions and efficiency gains from a union are small then separation 
results in equilibrium. Second, a brake on separation incentives would be the perfect 
mobility of factors, which essentially allows the market to compensate for the inadequacy 
of fiscal policies. They also derived a unique Nash Equilibrium in which each region is 
motivated to set a tax rate lower than that preferred by the median voter (of each region) in 
order to attract capital from its neighbor. Constructed under the assumption that the main 
conflict in interest is “over fiscal and redistribution policies,” it is widely applicable to cases 
such as Belgium, Czechoslovakia and Québec. It is worth noting that factor mobility and 
international trade have opposite effects on secession incentives. The former discourages 
it while the latter encourages separation. From the secessionist’s point of view, we can 
infer that factor mobility is an improvement on the internal trade climate, which a region 
stands to lose should it choose to secede. Canada, for example, does not promise the same 
favorable trade terms with an independent Québec. International trade on the other hand, is 
an environment that the region will still enjoy after separation, independent (in most cases) 
of its association with the nation.

Game theory is also used extensively in different forms in which the nation and the 
seceding region play against each other in an attempt to reach subgame perfect equilibria. 
Violence in secession is observed in some models as well and expressed as a resource 
allocation game between the two entities in competition for a “prize,” namely the power 
to redraw the border if it is victorious. Olöfsgard (2004) presented a bargaining model of 
secession from an administrative delegation point of view, stating that the constituency’s 
desire to elect a secessionist leader is to increase leverage in bargaining for a transfer. 
Alesina and Spolaore (1997) modeled the long run convergence trend of the number of 
nations and found three stable equilibriums (A, B and C) which identify the “efficient” and 
“stable” number. The dissonance between efficiency and stability is the primary motivation 
for their investigation into a compensatory scheme that will bring the “stable” closer to the 
“efficient”. More specifically, they posited that none of the parties involved can forcibly 
retain or reject the entry request of a secessionist region while government location 
and redistributions schemes are determined by majority vote and the commitments are 
irrevocable. They did not consider the case of the nation issuing a military threat, but one 
may infer that such militant tendencies would be a signal for autocracy, which, based on 
their conclusion that democracy leads to a larger number of nations, would mean a smaller 
number of nations in equilibrium.

For an empirical approach to secession, Sambanis (2000) considers partition as a 
solution to ethnic war. He points to a subset of secessions which often carries a significant 
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value diversion in addition to or independent of any existing economic disparities. This 
is especially true in developing countries although there are cases in which identities are 
recognized in order for secession to take place. Fiscal disparity seems to play a more minor 
role in this case; even conflict over resources (Kantaga in Zaire) are being motivated along 
tribal and ethnic lines. Sambanis asserted that partition is ineffective as a way to create 
peace while enhancing ethnic diversity and strengthening the political institutions would 
be beneficial. 

From a political science perspective, Horowitz also pointed out that: “Separatism 
results from varying mixes of sheer economic interest and group apprehension. Economic 
interest may act either as an accelerator or a brake on separatism. Yet, among the most 
frequent and precocious secessionists – backward groups in backward regions – economic 
loss or gain plays the smallest role, ethnic anxiety the largest” (Horowitz, 2000). Bolton 
and Roland pointed out that “the effect of differences in language and culture on incentives 
to separate should also be explored further” (Bolton & Roland, 1997). It seems that ethnic 
and cultural preferences to a large extent act independently from preference in taxation 
structure. While some argue that language and ethnicity are merely human constructs 
designed to justify the economic incentives underlying the secessionist movement, we 
currently have no theoretical findings affirming or negating it. It would therefore be useful 
if we can empirically assess whether the effects of the two are separable, augmenting the 
existing theoretical efforts to identify the source of such regional agitations. 
Secession – a divorce of peoples?

A region in a political union with no exit option is analogous to a marriage with no 
divorce allowed. If we think of nations and regions as behaving in much the same way 
as individuals, we would expect similar responses to ensue given the same “marriage” 
conditions. Bloch and Rao formulated the Indian dowry violence as a non-cooperative 
bargaining and signaling game. Although widely divergent from the topic in discussion, key 
similarities emerge and will be discussed in more detail in the theoretical model. In short, 
a dissatisfied husband threatening divorce to the wife’s family in order to extract additional 
transfers is comparable to an unhappy region using secession as a leverage instrument to 
influence the policy and benefit distributions of the central government. A unique separating 
equilibria, in which husbands of different types choose different courses of action exists for 
this game: satisfied husbands and highly dissatisfied husbands will eventually remain with 
their wives, the latter having received the asked-for monetary transfer after his threat; the 
moderately dissatisfied husbands will not be compensated and will choose divorce (Bloch 
and Rao 2002). They also proved using empirical data that husbands are motivated to use 
violence if the wife’s family is rich and less likely to do so if their satisfaction (proxied by 
the number of male children) increases. I will discuss a region’s motivation for secession 
in detail in the next section, including the effect of several policy variables on its decision.

As customary in such extraordinary political events, bargaining is a staple of the crisis 
resolution process. Cramton (1984) presented a model, in the spirit of Fudenburg and Tirole 
(1983), of an infinite stage bargaining game with one-sided offers. It involves uncertainties 
as the buyer gauges the seller’s type and valuation using the seller’s offer price as a signal 
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and point of reference. Preferences are completely revealed at each stage by the sellers with 
relatively low valuation while those who value their “good” relatively highly will opt to 
wait until the next period. I will explain how this is true in secession negotiations. Other 
applications that enjoy a similar structure include wage settlements in union strikes and 
legal arbitrations.

III.  Theoretical Model

I will formulate an intuitive model of the secession process under an infinite-horizon 
bargaining and signaling model with two-sided uncertainty and incomplete information. 
I use an infinite horizon model to simulate the arduous negotiation processes most 
secessionist conflicts undergo in an attempt to reconcile diverging interests. Also, it allows 
for termination of negotiation after a finite number of rounds under certain conditions 
without giving prior knowledge of when the game will end. This knowledge, if given, 
could change the behavior of the agents, inducing them to “game the system”, making 
ultimatums a credible threat even when both sides still have gains to exploit from further 
negotiations. Two-sided uncertainty results from the Nation’s uncertainty on the Region’s 
resolve to separate and the Region’s uncertainty on how much the Nation can afford to 
pay to keep the union. Even though secession frequently involves threats of violence, the 
bargaining process itself is entered into voluntarily, and uncertainty in whether agreement 
is desirable arises only out of lack of information on both sides. I will mainly draw on work 
done by Cramton (1984) and Bloch and Rao (2002) and differ from the latter by assigning 
ex post military retaliation as a form of bargaining power to the state. After adaptations, I 
will use the modified model to explain the mechanisms of the secession bargaining process 
and shed light on some key variables that I will test in the next section. 

General Setup
In this bargaining game, we assume that the Region is the seller and the Nation is the 

buyer. Moves are sequential, with the Region making offers in each round. There are no third 
parties involved – i.e international organizations. There is one immaterial good to be traded 
– the Region’s claim to be independent, henceforward called “Freedom”. The Region is a 
rational agent, willing to sell this good “…in the hope of extorting other concessions from 
the Nation” (Treisman 1999 cited in Olofsgard 2004).  In each round, the Region makes an 
offer (consisting of a transfer request) to the Nation which the Nation can either accept or 
reject until bargaining is terminated by one or both sides (Figure 1). Transfers in this case 
are not only monetary but include compensations of other kinds that pertain to civil liberty 
and ethnic identity. One could interpret it as being made up of demands such as education 
in a particular ethnic language, more religious freedom, replacement of civil servants of 
other origins, representation in the legislative body, control over the Region’s resources 
etc. Utility functions before and after the bargaining lead to a single separating equilibria 
in which Regions determine their course of action based on their cost of issuing a credible 
secessionist threat and their fear of a National retaliation after bargaining concludes. I will 
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emphasize throughout this paper that secession is a leverage instrument used by the Region 
against the Nation in an effort to redistribute resources. For the structure of the bargaining 
game it is certainly reasonable to assume alternative offers. As shown by Cramton (1984b), 
a continuous time version with alternating offers with incomplete information and found 
results supporting conclusions in Cramton (1984), which this paper follows from.

Assumptions
I assume that the Nation strictly prefers unification to separation. This is due to its desire 

to maintain “territorial integrity,” which, as noted in literature (Horowitz 2000), enjoys an 
almost inelastic demand. This preference however, is constrained by the Nation’s ability to 
use redistribution (of resources, policy, etc) as a way to maintain the union. The Nation will 
not entertain separation as plan B unless all its redistributive powers have been exhausted. 
Economy of scale also plays a role, albeit less significant because the Nation is likely to 
have a much larger economy than the Region, thus benefiting less from joint production 
given diminishing marginal returns. The Region however faces a tradeoff between the 
economic and protection benefits it can accrue from a union and potential deviation of 
public policies from its preferred position. Whenever the latter force is stronger, the Region 
grows dissatisfied and has an incentive to threaten secession.

I assume also that given the history of secessions, military retaliation in the case 
of unilateral secession is the only credible threat the Nation can make. Cheap talk does 
not exist in the bargaining process and other threats (such as economic sanctions) are not 
believed by the Region unless they can be proven by the Nation.

I do not consider the issue of heterogeneity of agents within a secessionist Region. 
The Region is taken as a single unified entity without diverging interests among different 
fractions. This will simplify the model by assuming away fractions that are not politically 
significant.
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Utility Functions – before and after
After a union is formed, the Region finds out its level of satisfaction, it includes a publicly 

observable element z , and a private component which is observed only by the Region. One 
may interpret z as disclosed statistics of transfers, infrastructure construction, subsidies, 
etc. The Region can be either “satisfied” or “dissatisfied” as identified by a dichotomous 
variable with 1 for a satisfied Region and 0 for a dissatisfied one.  It correlates with, but 
is not determined by, z. Discrimination is often hard to capture by statistics, lowering a 
region’s satisfaction even with seemingly decent public observable characteristics.

Following Bloch and Rao, the utility of the Region and the Nation at the beginning of 
the game is:

Region:
),,,( θnrrrR xxWuU =

Nation:
),,( rnnnN xxWuU =

rW and nW denotes the income of the Region and the Nation, respectively. rx  and nx  
are the human capital characteristics of the Region and the Nation where higher numbers 
correspond to a higher level of satisfaction. 

Note that although the Nation also enjoys a level of satisfaction from the union, 
this term is not in the utility calculation of the Nation. This is because our definition of 
secession precludes the possibility of the Nation’s voluntary expulsion of one of its subunits. 
“Territorial intactness” enjoys a perfectly inelastic demand from central governments. 
Hence, it is irrelevant to the utility of the Nation.

In the final stage, the Region decides whether or not to separate. If it does, then it is 
no longer involved in the previously joint production of goods and services and no longer 
enjoys benefits such as access to a larger market, military protection, etc. The Region and 
the Nation then each obtain a discounted utility flow of RV  and NV . We then denote the 
new utility of both parties as:

Region:
),,( mxWuV rrrR =

Nation:
),( nnnN xWuV =

where m  is the international economic and political atmosphere surrounding the Region 
after the union has been formed.

Only dissatisfied Regions will attempt the threat of secession. Non-credible threats 
by satisfied Regions carry with them a high social cost as reflected by its future lack of 
credibility, hence bargaining power, in dealing with the Nation and are never used (Bloch 
and Rao, 2004). One might think of it as the Nation having zero tolerance for fake grievances 
and hence forward takes all threats from that Region as non-credible. Therefore, satisfied 
Regions would strictly prefer union to secession and dissatisfied Regions would prefer 
to threaten secession >)1,,,( nrrr xxWu ),,( mxWv rrr  and <)0,,,( nrrr xxWu ),,( mxWv rrr  
respectively. Following Bloch and Rao, u and v are strictly increasing when θ,,, nrr xxW  
increases and m denotes the Regional political and economic conditions after the union. 
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The probability of a Region being dissatisfied is Pr (θ =0) = p(z) with p’(z) < 0 – as national 
support to the region decreases, the public observable component z decreases, making 
dissatisfaction more likely. The transfer is only paid when the Region threatened secession 
but eventually decided to maintain the union in the last stage.
Initial Stage

At the start of the game, the Region decides that it is dissatisfied, threatens secession 
and demands a transfer from the Nation to rescind its claim. I assume that the Region and 
the Nation’s valuation of Freedom are fixed and these preferences that are known only to 
themselves. Recall that the Nation’s “inelastic” preference for union is constrained by its 
resource redistribution capabilities, so its valuation is a fixed number less than infinity. 
Both sides try to guess at the other’s valuation by engaging in the subsequent bargaining 
process that gradually reveals information. Both would like to reach agreement earlier 
rather than later and efficiency declines with the number of periods (Fundenburg & Tirole 
1983). Based on the results of Cramton (1984), we divide Regions into two types: high 
valuation (HV) and low valuations (LV), with HV and LV being comparative terms within 
each round.

Quite logically, a LV Region would try to act as if it is HV in order to coax the 
Nation into a higher payment. However, the Nation, knowing this, would deem any such 
claims as non-credible unless the Region can verify its type by backing it up with actions. 
“Delays and other costly actions provide convincing evidence. Self-serving assertions that 
are costless to make, so-called ‘cheap talk’ are not credible” (Kennan and Wilson 1993). 
Since a LV Region expects a higher payoff, it is unwilling to delay agreement. Also, since 
“bargainers with high delay costs are at a disadvantage” (Cramton 1984), it follows that 
the Region with a low valuation have a smaller leverage in the bargaining process with the 
state. A HV Region then can differentiate itself by asking for a high payment, signaling its 
desire to delay agreement. As pointed out in Kennan and Wilson (1993) in the case of labor 
strikes, “the costly process of bargaining can be an efficient way of establishing a common 
informational basis for an agreement.” Similarly, a Nation with improving political and 
economic situations would be unwilling to suffer disruptions such as secession and are 
therefore more impatient. This will lead them to wish for an early agreement, giving more 
leverage to the Region.

When the Region does threaten secession, then the Region and the Nation experience 
a utility loss of )(θRC and NC , respectively, where θ  is the Region’s satisfaction with the 
Nation. Utility loss of the Region results from credible actions it took to delay agreement, 
making its separation claim credible, which can include mass demonstrations, withholding 
of resources and revenue from the Nation or even violent assaults. )(θRC also includes 
costs resulting from disturbance in the Regional economy as a result of the threat such as 
lost foreign investment. Utility loss of the Nation results from the resources it diverts to 
counter these efforts. 

At the beginning of each round of the bargaining game, the Region makes an offer to 
the Nation asking for a “bribe” in exchange of its abandoning the claim to independence. 
Also, the Region’s belief on the Nation is updated, based on the history of negotiation 



GIVE ME LIBERTY OR GIVE ME PORK54

results and the Nation’s belief on the Region is renewed based on information revealed 
by previous price offers. Payoffs are calculated and if they are found to be 0 for at least 
one side then in the next stage negotiations end. This is mainly determined by the size of 
“extractable wealth”, which is not the total wealth of the Nation but the amount available 
for redistribution. Thus a Region within a relatively wealthy state is more likely to threaten 
secession in an effort to extract transfers from the Nation. 

A “smaller pie,” resulting from military tendencies of the Nation, a poor economy 
or other factors will shorten the bargaining process by decreasing the payoff to 0 in fewer 
rounds given the same discount factors Rδ  and Nδ  the Region and the Nation use in the 
bargaining process to calculate their payoff. In real terms, this early termination of bargaining 
might explain why poorer Regions and states resort to extraordinary means of distribution 
(i.e civil war) more often than do wealthier states when facing a secession threat. I assign 
ex post military retaliation power to the Nation after conclusion of negotiations, deviating 
from Bloch and Rao’s assumption of zero bargaining power on the part of the wife’s family 
(the Nation). 

Another variable which will influence the Region’s post-bargaining strategy is M - 
the military tendency of the Nation. An increase in M means a greater chance of military 
retaliation after a failed secession negotiation, increasing a Region’s cost to threaten 
secession. This is in accordance with Alesina and Spolaore’s finding that democracy 
increases the number of secessions. This “military” variable will become important later on 
as we differentiate the actions of different types of secessionist Regions after negotiations 
conclude. 

Following Cramton (1984), the Region is the equivalent of a seller, who values 
freedom at RF while the Nation values it at NF . Discount factors for the Region and the 
Nation are Rδ  and Nδ  with 1,0 << NR δδ . When the offer is accepted in the ith round the 
payoffs to both parties are )(1

Ri
i

R Ft −−δ for the Region and )(1
iN

i
N tF −−δ  for the Nation 

where it  is the price proposed for each round. Should they fail to reach an agreement, the 
payoff is 0 for both players. In a construct similar to Bloch and Rao, I have the following 
infinite-horizon signaling game with incomplete information and one-sided offer on the 
part of the seller:

Stage 1: The Region finds out its level of satisfaction within the union and chooses 
whether to threaten secession, making a take-it-or-leave-it demand 1t  in the form of 
policy transfer from the Nation to the periphery. The Nation responds to the demands 
of the secessionist Region by either accepting or rejecting the redistribution. If accepted, 
the transaction takes place and negotiations end. Payoffs at this stage are )( 1 RFt − and 

)( 1tFN − .Otherwise move on to stage 2. 
Stage 2:  The Region proposes a new, amended take-it-or-leave-it amount 2t to the 

Nation based on its updated view of the Nation’s valuation. If accepted, the transaction 
takes place and negotiations end. Payoffs at this stage are )( 2 RR Ft −δ and )( 2tFNN −δ
.Otherwise move on to stage 3.

Stage 3: (continue as before)......
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Stage n: Agreement is reached. Payoffs at this stage are )(1
Rn

n
R Ft −−δ and 

)(1
nN

n
N tF −−δ . A failure of negotiations can also occur if either )(1

Rn
n

R Ft −−δ  or 
)(1

nN
n

N tF −−δ  equals 0 and an agreement has not occurred. (Figure 2).

Determining the Region’s valuation and taking actions
The above bargaining process does not preclude the possibility of satisfied Regions 

asking for transfers without threatening violence. When Regions make a demand for transfer 
t to the Nation, the Nation responds to this demand based on two criteria: How much has 
the Region demanded? Are there credible signals to back up the demand? We suppose that 
the Nation has knowledge regarding the minimum transfer that would dissuade the Region 
from separating stRe . It does not have concrete knowledge regarding the dissatisfaction of 
the Region and therefore can only infer from the amount of transfer demanded and its belief 
about the Region’s type. The Region has an inherent “first-mover advantage” in this case, 
by first asking a price well-above its reservation price and slowly adjusting downward, the 
Region reveals information about its reservation price throughout the bargaining process. 
As Cramton pointed out: when the buyer is confused by non-equilibrium behavior, he 
assumes that the most optimistic information (LV seller) is valid. Therefore, it is never in 
the HV Region’s interest to propose a low price.

reached)



GIVE ME LIBERTY OR GIVE ME PORK56

If stt Re< , the transfer amount the region asked for is less than the “reservation”  
level. Then a dissatisfied Region will choose separation in the next stage. If it remains 
in the union despite this apparent lack of transfers, we can only conclude that it was not 
dissatisfied in the first place and only seek to use such non-violent demands as a bluffing 
technique. The optimum strategy for the Nation therefore, would be reject any transfer 
demands smaller than stRe  as non-credible. If stt Re> , satisfied Regions could still use 
be using this larger demand for transfers to hide their type, yet the Nation faces the real 
possibility of losing a dissatisfied Region. The maximum amount the Nation is willing to 
redistribute to a Region given its belief about the dissatisfaction of the Region is equal to 
its valuation of the good FN, which is the solution to the equation: 

(modified from Bloch and Rao 2002)

0),,(),,()1(),( =−−−+ nRnnnRnnnnn xxtWuxxWuxWv µµ      
 

Similar to Cramton (1984), I define a cutoff value it̂  in each round which differentiates 
the (relatively) high valuation sellers from the (relatively) low valuation sellers. In the first 
round Ni Ft ≤ˆ . As the Nation updates its belief about the Region in each round (as reflected 
by a strictly increasing it̂ ), the Region’s true preference is gradually revealed, or “guessed 
at,” through a process of elimination. In each round, if ii tt ˆ> , then the Nation will reject 
the region’s offer to give up Freedom and infer from this “irrational” demand for transfer 
that the Region values highly its independence and is willing to delay agreement. It takes 
longer to reveal the preferences of a high valuation Region. The Nation is not willing to 
give a transfer until it feels that its forces (military or otherwise) are not enough to hold the 
Region within the union, this is when Ni Ft =ˆ .

The Nation’s optimal decision in this case is to take any demand for transfer t when 
i

s tt ≤Re as a credible indication of the Region’s dissatisfaction because a demand above 
the minimum transfer makes separation a real possibility. It should reject s

i tt Re<  as non-
credible because the amount demanded, even if given, would not be enough to dissuade the 
Region from separating because it is below the minimum. For each round i , if ii

s ttt ˆRe ≤≤
( Ni Ft ≤ˆ ) in any given round, the Nation will classify the Region as crediblely dissatisfied 
but having a low valuation, thereby rejecting its demand. When ii tt <ˆ  , the Nation will wait 
until the next period and increase it̂ . When it̂  increases so that in period i the Nii Ftt ==ˆ , 
the Nation accepts the offer and bargaining ends. If at Ni Ft =ˆ we still have ni tt <ˆ , then the 
Nation’s payoff is 0 and bargaining ends because the Nation cannot afford the offer; this is 
an impasse result.
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The Equilibrium
In their formulation, Bloch and Rao discussed two types of equilibria and test whether 

or not they satisfy the In-Koo Cho and David Kreps’ Intuitive Criterion, which mean no 
agent can deviate and pretend they are of another type to assure himself of a larger payoff. 
Given that assumptions regarding the regions’ types and the one-sided offer structure are 
identical, we have the following conclusions:

a. The Pooling Equilibria in which no Region threatens secession and all 
Regions  demand a transfer of t will be dismissed as non-credible.
b. A Separating Equilibria exists as the unique Bayesian perfect equilibrium 
satisfying the intuitive criterion which demands optimum play in every subgame. 
A dissatisfied Region with a low cost of delay (high level of dissatisfaction) will 
threaten secession and demand a transfer of NFt ≥  in each round. An absence of 
secession threats accompanied by willingness to delay indicates that the Region is 
either satisfied or has only a moderate level of dissatisfaction (high cost of delay). 

Recall that we previously defined )(θRC to be the utility loss of the Region when 
it threatens secession. We denote a Region’s maximal cost as *κ . For a satisfied region            
( 1=θ ), we have ∞=)1(RC  while for dissatisfied regions ( 0=θ ) we have its cost *κ  as 
“a random variable with cumulative distribution function κF  on ),0[ ∞ ” (Bloch and Rao 
2002). Hence for the dissatisfied regions we have the following equation:

(modified from Bloch and Rao 2002)

),,()0,,,(* mxWvxxFWu rrRnrNrR −+=κ

*κ  is the point at which a Region is indifferent between threatening secession and 



GIVE ME LIBERTY OR GIVE ME PORK58

obtaining transfer NF and a divorce from the Nation.
It follows that only dissatisfied Regions whose cost of threatening secession is lower 

than *κ  will do so. The Nation will eventually agree to a transfer Ni Ft = upon receiving a 
secession threat and after i rounds of bargaining. The Nation has a 0 surplus from reaching 
an agreement, since it is paying at its valuation price. The regions whose types dictate that 
they choose to threaten secession, however, always have something to gain from reaching 
an agreement. Regions with a cost of delay higher than *κ  (moderately dissatisfied and 
satisfied Regions) will not threaten secession but will demand a transfer that is smaller 
than cutoff value it̂  in the ith round. Because this demand shows a willingness to strike 
a deal as early as possible, the Nation recognizes it as a signal that the Region has a low 
valuation of independence and rejects the demand, counting on M (military tendency) as 
an extraordinary means to hold the Region within the union if needed. Not surprisingly, the 
Region remains in the union despite the rejection due to fear of military retaliation that will 
outweigh the benefits of gaining independence. Similarly, satisfied Regions remain in the 
union. On the other hand, highly dissatisfied Regions have a higher level of grievance and 
consequently place a higher value on their independence. This will lead them to make an 
“unacceptable” offer in the first round, one that will induce the Nation to reject and move 
into the next round. By its willingness to delay transaction and bear the cost, the Region 
signals to the Nation the value it places on independence. The Nation recognizes this signal 
as credible and responds to it by finally agreeing to transfer Ni Ft =  after i rounds (Figure 
3). The Region then decides to remain in the union following the terms of agreement. 
The only cases in which a Region will actually secede are ones in which the Region is 
highly dissatisfied: the demand is beyond the Nation’s means ( NR FF > ); the patience of 
one side expired ( it̂  is not approaching NF  after a lengthy bargaining process); third-party 
involvement disrupted the rules of the game. The first and second case are particularly 
worth noting as they illustrate the learning processes of both parties and the inefficiency 
inevitable involved in the process. If preferences were fully revealed at the beginning, 
an agreement would be impossible but the bargaining process would have been avoided. 
In practice, this knowledge can only be obtained with the Nation realizing at stage i that 

iN tF < . Such an impasse result is the most likely cause of a secessionist civil war with both 
sides resorting to violence. Again, recall that third-party interventions are not taken into 
consideration in this model.

Going back to equation ),,()0,,,(* mxWvxxFWu rrRnrNrR −+=κ , several policy 
variables are worth noting: First, an increase in *κ  would increase the threshold, decreasing 
actual cases of secessions. This can be achieved by an increase in rW , the Region’s income; 

NF , the amount of transfer to the Region and nx , desirable characteristics of the Nation. An 
increase in income will lower the Region’s marginal utility of transfer, making signaling a 
more costly activity. Note however that an increase in m, which indicates better international 
political and economic conditions after the union, will cause a decrease in *κ (the Region 
becomes indifferent more easily), resulting in more separations. This is consistent with 
previous theoretical results which find that the number of states increases with the level 
of democracy and international trade. Presumably a larger m means that the Region will 
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have less to lose economically and politically and will have less to fear regarding foreign 
aggressions after independence since neighboring countries are thus intricately linked by 
their trade relationships.

Finally, it is worth noting that compared to a two period model, the infinite-horizon 
model admits no possibility of commitment, thus no threats of ultimatums. It also does not 
require sellers to completely reveal their information in the first round as the two period 
model would (Cramton 1984), making it a more realistic representation of the bargaining 
process as we allow the Nation and the Region to learn of each other’s preferences.

IV.  Data

The data I use come from three sources: the Minorities at Risk Project (MAR), the 
World Development Indicators (WDI) and Economic Freedom of the World (EFW) reports. 
Abbreviations of these datasets will be used throughout the remainder of this paper. The 
MAR is a comprehensive dataset compiled at the Center for International Development 
and Conflict Management. All measurements in the MAR are in the form of indices, 
which provide subjective judgments on the “at risk” status of ethnic minority groups in all 
countries. The WDI measurements provide information on a country’s social and economics 
development. The EFW variables are compiled by the Fraser Institute in Canada measuring 
relative economic freedom of a country. It mainly consists of indexes on a scale of 1 to 10 
for each variable, with 10 being closest to economic freedom. 

I define ethnic secession as a secessionist movement initiated and/or led by an 
identifiable ethnic group or with an ethnically-motivated main objective. The MAR dataset 
is especially useful in this regard because of its usage of ethnic groups as measuring units. 
I determine the presence of separatism using SEPX, the separatism index in MAR where a 
value of 3 indicates active separatist movement, since the value is ethnic group-based, we 
can easily identify the cases of ethnic secessions. I will augment MAR with country level 
data on redistribution and economic development from Economic Freedom of the World 
Reports (The Fraser Institute) and the World Bank.

I use 1997 as a sample year because it is the year for which I have data for most of 
the variables in MAR. I choose to use a cross-section of data given that the value of most 
MAR variables stays the same over an extended period of time (10 years or more). The data 
consists of 284 groups as of the sample year.

V.  Empirical Model

In this section I will lay out the empirical model to test policy variables we have 
examined in the theoretical formulation. After the union has been formed, the general 
regression equation for secession probability is expressed as:

Pr(secession) = ),,,,,,( mzxxWWf rnnr θ  where
rW  measures the wealth of the Region, will be proxied by the Economic Discrimination 

Index from MAR.
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nW  measures the wealth of the Nation, will be proxied by per capita GDP, taking 
into account the regime type of the government and military expenditure to reach the 
“extractable wealth” defined above

nx  is the desirable characteristics of the nation, which may include an open domestic 
market (marked by the free flow of factors such as labor and capital) and low level of 
corruption

rx  includes the characteristics of the region, which in this case consists of ethnic 
differences, geographical base and kin group in power. For all three variables, a lesser 
value is more desirable to the nation as it would mean a group more homogenous to the 
majority population and having no “stronghold” in terms of population.

z is a vector of publicly observable elements signifying the quality of relationship 
between the Nation and the Region. 

θ  is a vector of privately observable elements signifying the quality of the union. 
Empirically this is accessed by the discrimination variables in MAR which are subjective 
judgments on the group’s condition.

m denotes the international political and economic conditions after the union has been 
formed; I proxy it by the Nation’s engagement in international trade and the presence of 
kin groups in power or seceding in adjoining countries for the potential secessionists in the 
Region.

All groups contained in the MAR dataset are subject to extraordinary treatment, which 
is discriminatory in most cases and preferential in only a few. Yet of the 318 groups, only 
132 groups (41.5%) ever attempted secession between the 1940s and 1990s. Some factors 
seems to be preventing the rest of the group from actively seeking better treatment – even 
if their goal, like the Indian husband, is not really to divorce the Nation but to extract a 
transfer. 

Note here that this paper focuses on the emergence of secessionist movements, 
realizing that their success or failure might depend on a variety of political factors hard to 
measure in the present dataset. The nature of the data makes it easy to follow Horowitz’s 
classification of secessionists. Although it was not clear cut as to which regions/nations 
are “backwards” or “advanced”, the MAR data allowed us to identify “rich” and “poor” 
groups based on economic status. The regressions include the groups which are neither 
economically advantaged nor disadvantaged with both the rich and the poor subset to 
accommodate the nature of the probit model, which predicts better with a larger sample. 
Thus we stratify the data in order to identify differing sets of influence factors for the two 
groups of secessionists. 

First, we take all 284 groups (actively contained in MAR as of 1997) into account; the 
ones who have attempted secession between 1940 and 1999 will be coded 1 while the ones 
which never tried will be coded 0. A geographical base is defined as “A spatially contiguous 
region larger than an urban area that is part of the country, in which 25% or more of the 
minority resides and in which the minority constitutes the predominant proportion of the 
population” (MAR codebook.) It is hard to think of how a group as dispersed as the Roma 
(gypsies) will be able to rise up in revolt – indeed, the Roma with their somewhat nomadic 
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lifestyle has never done so despite being persecuted by more than one European country. 
Also, Horowitz (1985, 230) argued that the emergence of secessionist demands is 

mainly due to local politics while their success is reliant on international factors. Recall 
that m is used to denote the international political and economic situation after the union 
as been formed. Here I add kin_power (kindred group in power in adjoining countries) and 
sep_kin (active separatism in kindred group) to proxy for international support the group 
might have. As Horowitz noted, “The ethnic tie is simultaneously diffused with overtones 
of familial duty and laden with depth of familial emotion” (2000, 60). This gives good 
reasons for a kindred group to support its secessionist brothers. Although there are cases 
in which a group stands against the separation movement of its kin because of the political 
and economic interest at stake, such cases remain rare.1 Assuming the equation models are 
well specified and correct,2 under the original specification in the theoretical model, the 
results for the benchmark regression are as follows:

2  Kazakhstan for example, refused to support the Uighur-Turkic separatists across the border in Xinjiang, 
China, with whom a close ancestry is shared

3  The main issue is the possibility of endogeneity for some of the variables in the regression, whether they 
actually are is open to discussion. One might construct “chicken and egg” arguments for variables like limi-
tation on ethnic language and religion to say that while they might cause secession, secession moves in turn 
might also cause a harsher crackdown on these practices of ethnic identity. If enough instrumental variables 
can be identified, then it would be a good idea to test for endogeneity before we proceed to the regressions. 
At this stage, however, correct specification assumption might be violated.
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We find significance for military expenditure, exports and separatist kin at the 5% level, 
while kin_power is significant at the 10% level. Marginal effect indicates roughly the same 
level of significance. Together the regression shows military expenditure, exports and kin 
power perpetuating secessionist tendencies while separatist kin serves to negate that effect. 
Per capita aid as measured by purchasing power parity is not significant, which could be 
due to the fact that it is measured on the national level as a percentage of total governmental 
expenditure instead of on the regional level. Also worth noting is that geographical base, 
though not significant, has a positive marginal effect, in accordance with our expectations. 
Also, I do not expect significant problem with the standard errors reported (See Variance 
Inflation Factor in Appendix A.2 and A.3). 

Restricting the data to the economically disadvantaged groups, we run the same 
regression. Below is the result for the original regression on this subset:
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As we see from the regression, per capita government aid adjusted by Purchasing 
Power Parity is not significant while per capita GDP is at the 1% level, “encouraging” 
secessions by a small coefficient which fits in with the theory that with a higher income 
signals more resources and hence creates more incentive to appropriate them. Exports remain 
significant while political discrimination became significant at the 1% level. Geographical 
base became significant at the 1% level however changing signs from positive to negative. 
Ethnic differences, which is insignificant for the whole dataset, becomes prominent for 
the poor subgroup almost at the 5% level. Other prominent variables include military 
expenditure, kin group in power and separatist kin. Perhaps the most curious is that the 
“demonstration effect” of having a kin group pursuing a secessionist end seems here to 
have reversed itself, discouraging secessions by a large negative coefficient. It seems that 
the separatist activities of a particular group in country A have “deactivated” its kin in 
countries B and C. In a few cases, it could be that the kin group is in power in B or C or 
simply not disadvantagedm such as ethnic Albanians in Kosovo and their kin in Albania (in 
power). However one might ask if Kosovo’s independence will incite similar movements 
in Macedonia, where Albanians are similarly disadvantaged. Two routes could have been 
pursued here, one, tighter controls on that particular ethnicity or two, certain concessions 
might have been made openly or discretely in an attempt to stop the contagious effect at 
its borders. It might also be plausible that other minorities cohabiting with the potential 
separatist group have taken preventative measures against pursuing independence, fearing 
a worsening in their status should the region become a sovereign political entity. 

Military expenditure, which we initially posited as having a stopper effect on the 
secession process, curiously serves to encourage it. What this seems to suggest is that 
this variable does not correlate highly with the degree of control the central government 
has on the nation’s military forces. One plausible explanation for this is that this military 
expenditure reflected a kind of “warlord” politics in which different sections of the military 
are being beefed up not to serve the nation but to protect the interests of a particular ethnic 
or racial group. If that is indeed the case, then the military is a fractional rather than unifying 
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force and it should come as no surprise that a greater share of military expenditure acts as 
a centrifugal force threatening to tear the existing union apart. Conforming to intuition is 
the kin_power variable which predicts greater likelihood of secession if a kin group is in 
power in a neighboring state.

Last but not least, the change in the sign for geographical base in the two regressions 
leaves an unexplained phenomenon – why would having a concentrated territory serve to 
deter poor groups from seceding? By itself it does not seem reasonable. We may venture a 
guess and posit that such population concentration signals a sort of de facto power for the 
group that even adverse policy cannot dissipate. Also, it may mean a sense of security and 
identity for the group in the same way Chinatowns and other ethnic districts in a city do for 
the immigrants. That being said, the present data does not allow us to give a quantitative 
proof. The lack of observations could also be a potential cause.

Comparing this subset regression to the case in which we include both rich and poor 
groups, we see that the same set of variables as we outlined in the theoretical model have 
a slightly greater effect on the subset of poor groups. Besides the fact that per capita GDP 
starts to matter (statistically) into the secessionist calculation, political discrimination is 
also more likely to precipitate a secessionist movement for economically disadvantaged 
groups. This we see repeatedly in cases where civil offices in “backwards” regions 
inhabited by “backwards” groups are filled by persons belonging to a more “advanced” 
group, frequently but not always affiliated with the group in power. This sense of being 
governed by foreigners has brewed feelings that independence is imperative despite possible 
economic losses (Horowitz, p241) – “What does money matter when it is a question of 
honor?”(Secessionist idiom, Northern Nigeria 1966, quoted in Horowitz) Note also that 
per capita did not have such a significant effect even though it serves to increase the size of 
the pie to be appropriated. 

The same robust probit regression is run for the “rich” regions however the 
insufficient amount of data (46 observations) made probit highly unstable, especially 
since the dependent variable sep_self has only 19 observations. This results frequently in 
perfect prediction despite various specifications. Multicollinearity between the variables as 
measured by the variance inflation factor also hampers the effectiveness of the model. Thus 
we limit the model to only the full set and the poor group subset. We do not separate the 
data by relative political positions even though such a separation would be possible mainly 
because political backwardness is often a consequence of economic underdevelopment. 

From the summary statistics of the rich and poor groups (excluding 0 difference 
groups), we also see that the mean per capita GDP of the countries in which the poor groups 
reside is $6835 while that of the rich group is only $2929. With no significant outliers, 
this difference signals that we are looking at disadvantaged groups in rich countries and 
advantaged groups in poor countries. The former lives in a situation more easy to brood 
discontent and where a larger pie exists. Their similar level of separatist activities as 
indicated by the closeness in the mean – 0.603 (poor) and 0.578 (rich) might sound bizarre, 
however the rich faces a higher level of political discrimination (2.26) than the poor (1.61), 
given nearly the same level of political difference. This fits in with the theory that the rich 
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groups were possibly being politically appropriated by the rest of the country.  Also, the rich 
groups are more likely to have kin groups in power, which might be another explanation for 
their level of secessionist activities.

Poor Groups ( 0 difference groups excluded)

Rich Groups (0 difference groups excluded)

Two improvements could be made on the current regression. First, panel data analysis 
covering data across a long period of time (30-40 years) could have stronger explanatory 
power. This would help with the fact that we do not currently have a large number of 
observations. Second, aid and subsidy information at the regional level would be helpful, 
as the current variables at the national level seem to be poor proxies for what actually is 
distributed to an individual group. 
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VI.  Conclusions

While it may be tempting to dismiss secession as a political aberration, it is the aim 
of this paper to show, both theoretically and empirically, that secessions can and should 
be regarded in many sense as another form of bargaining in which tangible and intangible 
benefits are exchanged. By taking secession in this light, the issue might be approached by 
both sides (especially the nation) with a less belligerent attitude, however high one might 
be tempted to put the stakes of “honor” and “ancestry.”
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Appendix 1   Expected Outcome
Variable 

Name Definition Expected 
Sign Reason

pcGDP GDP per capita + As the nation’s wealth increases, a Region finds it more profitable to threaten 
secession due to a larger amount of “extractable wealth”

Military military 
expenditure -

As military expenditure increases, the size of the “extractable wealth” decreases 
due to possible retaliation, all else constant. A Region fearing military action 
will be less inclined to pursue a separatist stance.

Aid aid expenditure -
As aid from the Nation to the Region increases, the Region becomes wealthier, 
thus finding the marginal utility of additional transfers decreasing. This 
decreases their motive to use secession to demand transfers.

InterTrade international 
trade +

As international trade increases, a Region has less to fear economically from 
losing the domestic market should it choose to separate. This decrease in cost 
increases incidences of secession threats.

EconDomestic Domestic trade   -
As the domestic trade environment (proxied by “regulation of credit, labor and 
business” index from EFW) improves, the Region has more to lose when it 
forsakes economy of scale within a union for independence. This increase in 
cost decreases the number of secession threats.

Regime regime type - A totalitarian political system discourages separation by making it more costly 
through more frequent use of force

Education

Higher 
educational 
attainment by 
Region

+
As a Region’s population becomes more educated, they are more easily 
discontent about their situation when they cannot find opportunities 
commensurate with their education level

ECDIFXX economic 
differentials + As economic differences increase, the Region is relatively poorer than the 

Nation, making a threat to extract additional monetary transfers more lucrative.

POLDIFXX         
ETHDIFXX

political 
inequalities 
and observable 
ethnic 
differences

+
As political, religious and ethnic differences increase, a threat to extract 
preferential policy provisions becomes more attractive.

CULPO1         
CULPO3

restriction on 
religion and 
language

+

ECDIS Economic 
Discrimination + same effect as the differences indexes, stronger in certain cases because of the 

deliberate nature of discrimination
POLDIS political 

discrimination +
SEPKIN
(stage 2 only)

separatist 
movement in 
kindred groups

+
The demonstration effect of kindred separation movements and higher political 
status makes international support more likely in a secessionist movement.

GC11
(stage 2 only)

political status 
of kingroups 
in neighboring 
countries

+
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Appendix 2 Variance Inflation Factor for the whole set

Appendix 3  Variance Inflation Factor for the poor subset

* VIF for both subsets are calculated based on a linear regression model on the set of 
variables.
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I.  Introduction

Household final consumption grew relatively faster until 1990s but it had been stag-
nating, especially since the late 1990s from figure 1. Krugman (1998, 1999) argued that real 
interest rate was too high and should have been reduced to discourage saving in the case of 
Japan to recover. This would mean that lower current consumption growth is partly caused 
by higher saving rate, despite the fact that gross domestic savings has started to decrease 
since 1991 from figure 1. Discouraging savings would therefore increase current consump-

Krugman (1998, 1999) argued that real interest rate was too high and should 
have been reduced to discourage saving in the case of Japan in late 1990’s to 
recover. This would increase current consumption and given previous period 
consumption, it should therefore increase real current consumption growth. 
This paper examines not only his argument empirically, but also dynamic 
effects of consumption growth in terms of intertemporal substitution in 
consumption. At the same time, in order to examine the effective policy for 
a liquidity trap economy under zero inflation, I investigated the effects of 
the change in interest rates on consumption growth from both intertemporal 
substitution and Krugman’s perspectives.

ABSTRACT
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tion and given previous period consumption, it should increase real current consumption 
growth. However, his idea might be that current consumption growth can be achievable at 
the expense of future consumption growth from the intertemporal substitution perspective. 
On the other hand, current gross domestic savings percent of GDP and household final con-
sumption expenditure growth have started falling since 1970s from figure 1. Is this because 
of a lowering of expected interest rate over time? This paper examines not only Krugman’s 
argument empirically, but also the dynamic effects of consumption growth in terms of 
intertemporal substitution in consumption. At the same time, in order to examine the ef-
fective policy for a liquidity trap economy under zero inflation, I investigated the effects 
of the change in interest rates on consumption growth from both intertemporal substitution 
and Krugman’s perspectives.

Ito and Mishkin (2004) examined the Monetary Policy in Japan from 1980s-2000s 
and implied that the failure of both preventing bubble and handling deflationary expecta-
tions caused stagnation of output and consumption growth. They argued that it is difficult 
to implement monetary policy when the CPI inflation rate is about 0.5% while the stock 
and land prices are increasing at 30% annually. The low inflation rate, which is below typi-
cal inflation targets of around 2%, might suggest there is room for monetary easing, while 
stopping the asset price inflation requires tighter monetary policy.  Furthermore, Cecchetti, 
et al (2000) argued strongly to put asset prices as a part of price stability. In contrast, 
Krugman (1998, 1999) argued that too tight monetary policy in 1980s caused low infla-
tion expectation and too high real interest rate in 1990s. Thus, this paper investigates the 
suggestive policy from the perspectives of intertemporal substitution and Krugman’s idea 
of higher sustained expected inflation before Japan was captured by a liquidity trap with 
zero inflation.

This paper has found three interesting results. First, the elasticity of intertemporal 
substitution (EIS) for real consumption growth next period is weakly positive or negative 
and all are statistically significant, that is, the elasticity of real consumption growth per 
capita with respect to real interest rate is negative or positively inelastic from period to 
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period, while the elasticity of real consumption growth with respect to real interest rate at 
the same period is negative or weakly positive. Therefore, reducing real interest rate may 
increase real consumption growth at the same period and next period. Second, Krugman’s 
idea of reducing real interest rate is very important to recover from a liquidity trap econ-
omy without significant loss of future consumption growth. Third, intertemporal substitu-
tion analysis from one period to next period may be too short time period to be examined 
as EIS. The results show that an increase in real interest rate reduces consumption now and 
next period. It may show that savings increase now and next period to defer the consump-
tion further future and we may need to have longer horizons to allow intertemporal substi-
tution in more dynamic situation.

Section II details the relevant theories and literature while section III details the meth-
odology analysis. The data description is detailed in Section IV and results & analysis 
in Section V. Monetary policy discussions and conclusions comprise section VI and VII 
respectively.

II.  Theories and Literature

Intertemporal substitution in consumption and Krugman
Intertemporal substitution in consumption is defined as a higher interest rate would 

tend to defer consumption from the present to the future (Barro, 1993). The individual’s 
budget constraint is that the present value of lifetime consumption does not exceed initial 
wealth, (A0), plus the present value of lifetime labor income (Romer, 2006). For the case 
of a constant interest rate, r and a lifetime of T periods where all variables are discounted 
to period 0, this constraint is,

Romer (2006) simplifies the analysis to assume that the instantaneous utility func-
tion takes the constant-relative-risk-aversion form, where ɵ is the coefficient of relative 
risk aversion (the inverse of the elasticity of substitution between consumption at different 
times) and where ρ is the discount rate. Thus, utility function becomes  

Optimization requires that a marginal change of this type has no effect on lifetime util-
ity. Since marginal utilities of consumption in periods t and t+1 are Ct

-ɵ/(1+ρ)t and Ct+1
-ɵ/

(1+ρ)t+1, this condition is
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This analysis implies that once we allow for the possibility that the real interest rate 
and the discount rate are not equal, consumption need not be a random walk: consumption 
is rising over time if r exceeds ρ and falling if r is less than ρ. Therefore, if there are varia-
tions in the real interest rate, there are variations in consumption growth. Mankiw (1981), 
Hansen and Singleton (1983), and Campbell and Mankiw (1989) examine how much con-
sumption growth responds to variations in the real interest rate. For the most of the part 
they finds that it responds relatively little, which suggests that the intertemporal elasticity 
of substitution is low (ɵ is high).

In the log term, equation (3) becomes

where σ is the intertemporal elasticity of substitution and K is constant. This condition says 
that the level of consumption in period t+1 generated by the consumer’s choice at period 
t is an adjustment positively related to the real interest rate plus the level of consumption 
chosen for period t plus a constant. A high value of σ means that, when the real interest rate 
is expected to be high, the consumer will actively defer consumption to the later period.

It seems to be a natural approach to use a set of assumptions used by Hall (1989) about 
the distributions of the random influences for observed variables. First, assume that the real 
interest rate, rt, conditional on information available in year t, obeys the normal distribu-
tion with mean r̅t. Second, assume that the consumer’s rule for processing new information 
about income and interest rates makes the distribution of consumption lognormal, condi-
tional on information available this year; log Ct+1, is normal with mean Ct+1. Because the 
new information arriving in year t+1 has a bearing both on the actual return to investments 
maturing in t+1 and on the consumer’s long-term well-being estimated in that year, the two 
random variables rt and ct+1, will be correlated.

Romer (2006) defines that the change in the interest rate has not only a substitution 
effect, but also an income effect, two of which comprise intertemporal substitution effect. 
If we use the Kats and Rosen (2006) definition, income effect come from the shift of utility 
curve and is defined as the effect of a price change on the quantity demanded due exclu-
sively to the fact that the consumer’s real income has changed, while substitution effect is 
the movement along the same utility curve and is defined as the effect of a price change on 
the quantity demanded due exclusively to the fact that its relative price has changed. For 
simplicity, assume the individual has no initial wealth. Thus in (C1, C2) space, the individ-
ual’s budget constraint goes through the endowment point (Y1, Y2). The slope of the budget 
constraint is – (1+r); when r rises, the budget constraint pivots clockwise around (Y1, Y2). 

In panel (a), C1 is initially less than Y1, and thus saving is positive. In this case the 
increase in r has a positive income effect which increases both C1 and C2 but decreases sav-
ing, whereas the substitution effect acts to increase C2 and savings but decreases C1. As a 
result, C2 increases but the overall effect on C1 and saving is ambiguous; in this case shown 
in figure, saving decreases and C1 increases as income effect exceeds substitution effect.
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In panel (b), the individual is initially borrowing. In this case both the substitution and 
income effects reduce first-period consumption, and so saving necessarily rises. However, 
overall effect on second-period consumption is ambiguous as substitution effect is positive 
but income effect is negative; in this case shown in figure, C2 increases as positive substitu-
tion effect exceeds negative income effects.

Krugman (1998, 1999) argued that its persistent excess of desired savings over de-
sired investment implied that the Japanese real interest rate was too high, even though the 
nominal rate was near zero. An excessive real interest rate leads to too little investment of 
all kinds, net foreign investment included. The only way to get the “right” real interest rate 
would be to create expectations of inflation. Thus, for the deflationary expectations with 
liquidity-trap economy, what is needed is a credible commitment to current and future 
sustained monetary expansion, so as to generate expectations of sustained inflation and a 
negative real interest rate. The big objection to this proposal was that it would weaken the 
yen. But it was or at least should have been clear from the logic of liquidity-trap economics 
that Japan’s fundamental tendency is to have a yen that is too strong, that is, a yen that does 
not generate a current account surplus large enough to close the savings-investment gap. 
Hence, a negative real interest rate would have discouraged saving, encouraged invest-
ment, and meant a weak yen, increasing net exports.

Interestingly, if we interpret Krugman’s idea from the point of intertemporal substitu-
tion in consumption, although the effect of reducing real interest rate on current consump-
tion is ambiguous, discouraged saving may increase current consumption at the expense of 
future consumption from panel (a) as Romer (2006) states that individuals are on average  
savers rather than borrowers since the stock of wealth in the economy is positive. Thus, in 
this theory, Krugman’s idea may not be desirable in the long run from the point of future 
consumption growth.

Empirically, however, Barro (1993) suggests that intertemporal substitution of con-
sumption works well on individual consumption data analysis like David Runkle (1988) 
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isolating this effect by examining the behavior of food consumption over time (1973 – 82) 
for a sample of 1100 US households, but on aggregate consumption data economists have 
been less successful at finding these types of effects such as Robert Hall (1989) isolated in-
tertemporal substitution effect by examining the behavior of aggregate consumption for the 
twentieth-century United States. In Hall’s estimation, interest rate was adjusted to expected 
real interest rate by considering for inflation, taxes and expectations. A detailed study of 
data shows that the EIS is around zero and statistically insignificant, concluding the value 
being zero and probably not above 0.2.

From empirical arguments above, Krugman’s idea may not have a negative effect on 
future consumption because elasticity of intertemporal substitution is very low and rela-
tive risk aversion is high as Hansen and Singleton (1983) results state. On the contrary, if 
the substitution effect exceeds the income effect on current consumption, reducing real 
interest rate increases current consumption while there is no significant loss for the future 
consumption. Therefore, we need to examine the effect of change in interest rate on current 
consumption as well.

III.  Methodology Analysis

Intertemporal Substitution
Hall (1989) uses an intertemporally separable utility function to maximize the ex-

pected utility of the consumer:

Since marginal rate of substitution in periods t and t+1 are er-(1/s)ct and ert-(1/s)ct+1, this 
equals the ratio of the prices of present and future consumption. Under uncertainty, it is not 
true that the expected marginal rate of substitution should equal the expected price ratio. 
Therefore, he uses the risk-adjusted one described by the first factor in equation (6) as ap-
propriate discount rate; it is the expectation of the product of the discount function and the 
marginal stochastic utility next period.

The reallocation condition of equation (6) is the generalization of the proposition 
investigated in his earlier paper (Hall 1978) that marginal utility should be a trended ran-
dom walk when real interest rates are constant over time. However, Romer (2006) analysis 
implies that once we allow for the possibility that the real interest rate and the discount rate 
are not equal, consumption need not be a random walk; if there are variations in the real 
interest rate, there are variations in consumption growth.

Applying the Hall (1989) intertemporal allocation condition under the assumptions 
of log-normality gives the relation between the expected value of the log of consumption 
in period t+1, given consumption in period t and the mean of the distribution of the real 
interest rate:
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Here L is constant and interest rates as they are defined in his paper can be indefinitely 
negative because he defined “log r” (where 0 < r < 1) rather than “log (1+r)”. This causes a 
serious problem for the case of Japan because when interest rate is negative, “log r” cannot 
estimate the coefficient. Therefore, we need to use equation (4) 

The consumption rule suggested by Hall(1989) says that an optimal rule will wind up 
choosing a level of consumption in period t+1, after the new information becomes avail-
able, whose mean obeys this restriction. Equation (4) is not a complete description of con-
sumption behavior under uncertainty. It does not describe the actual amount by which con-
sumption changes when new information about income or asset returns becomes available.

The actual log of consumption in period t+1, ct+1 and actual real interest rate in period 
t, rt, differ from the mean, ct+1 and r̅t ,by a completely unpredictable surprise, which Hall 
(1989) calls ε, t+1, and vt+1. These are a normal random variable. The two equations of 
interest rate can be put in the form of a bivariate regression:

One problem introduced by Hall (1989) is therefore endogeneity due to a prediction 
error of the price level at t+1. When expected price level at t+1, Pe

t+1 is different from ac-
tual price level Pt+1, two random variables εt+1 and vt+1 will be correlated because it has a 
bearing both on the actual interest rate and consumption at t+1. He removed this endoge-
neity bias by using lagged dependent variables and lagged explanatory variables as instru-
ments and εt+1 and vt+1 will be white noises.

Consumption models with Habit formation suggested by Carroll (2007a) imply that 
the growth rate of consumption is serially correlated.

Where Ω is an impact of habit on utility. If we observe a serial correlation in EIS 
analysis, we need to add one lagged dependent variables to remove the serial correlation 
and our analysis becomes:

In this case we need to use autoregressive distributed lag (ADL) model (Verbeek, 
2005) to examine the short run EIS from equation (13) after removing habit effect and the 
long run EIS from equation (14):
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A regression by adjusting serial correlation to examine the effect of reducing current 
interest  rate on current consumption in period t, given previous consumption in period t-1:

From equation 15 the short run (SR) effects (impact multiplier) and long run (LR) ef-
fects (long-run multiplier) are:

IV.  Data Description

Following are brief definitions of the quarterly data series used in this study: ct, = log 
of real consumption growth per capita in quarter t, from IMF quarterly data in ESDS Inter-
national (household consumption expenditure and GDP deflator1) and from Statistics Bu-
reau (annual population2); the data are available quarterly from 1958 to 2003. rt = realized 
real return after taxes on an investment. Savings accounts, government bond yield, and 
stock returns at decimal per annum as suggested by Hall (1989) are used as interest rate.

Savings accounts (SA) q is deposit rate and Pt is CPI on 485 items from IMF quarterly 
data in ESDS international. m is the average tax on total income from Ministry of Finance 
Japan. Data are available from 1962 to 2007. As shown in equation (13), I amended the 
Hall’s (1989) savings accounts measure slightly as he added the tax to interest rate rather 
than deducting tax from it. Although Pt+1 should be the expected price level at t+1, I used 
observed data for Pt+1 due to luck of data set.

Treasury bills q also shows government bond yield (GBY) from IMF quarterly data 
in ESDS international: data are available from 1966 to 2007. Hall (1989) used a different 
formula to calculate the real interest rate for government bond yield due to nominal return 
measured in discounted form. However, in my case, the savings accounts formula is used 
as the government bond yield at decimal per annum is available.

1 adjusted using moving average [=t1+t2+t3+t4)/4]
2 adjusted by changing population ¼ every quarter



INTERTEMPORAL SUBSTITUTION IN CONSUMPTION & KRUGMAN78

Stocks d is weighted average of dividend yield, ht is the known weighted stock price-
average at t and ht+1 should be the expected price at t+1 although I used observed data due 
to luck of data set. Data are from the Tokyo Stock Exchange 1st section and available from 
1962 to 2007.

A set of assumptions similar to Hall (1989) are made. The full nominal amount of 
dividends and interest was assumed to be taxed at the average tax on total income. Capital 
gains and losses were assumed to be untaxed on the grounds that the combination of low 
statutory rates.

V.  Results and Analysis

Following are brief results of the quarterly data series using two stage least square 
(TSLS) for EIS and ordinary least square (OLS) for the effect of change in real interest rate 
on current real consumption growth. All data show non-normality due to outliers such as oil 
shocks. Therefore, relevant outliers are added to each equation to remove non-normality.

The equation of the elasticity of real current consumption growth with respect to a 
change in real current interest rate shows serial correlation. Therefore, lagged dependent 
variables are added to remove serial correlation. The results based on the short run and the 
long run analysis shown in figure 3 are the constant and coefficient of real interest rates 
after passing all the diagnostic tests at 5% significance level.

Although it is relatively inelastic, the effect of real interest rates for GBY and SA on 
current consumption growth is clearly negative, that is, a rise in real interest rate for GBY 
and SA reduces real current consumption, given previous consumption, while a rise in 
real interest rate for stock may increase real current consumption. GBY has statistically 
significant coefficients -0.17 in the SR and -0.39 in the LR, while SA has also statistically 
significant coefficients -0.22 in the SR and -0.46 in the LR. In the case of stock, the effect 
of real interest rate is positive but it is weak 0.01 both in the SR and LR and statistically 
insignificant possibly because risk-averse consumers are unlikely to change their behavior  
based on change in highly volatile unrealized expected real stock returns.
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The EIS equations of TSLS show serial correlation of the consumption growth as 
suggested by Carroll (2007), but adding one lagged dependent variable cannot remove this 
problem. As we include multi-lagged dependent variables to remove serial correlation and 
cannot calculate Habit impact on utility, we can only examine the long run effects of EIS 
but not short run effects because in the long run Habit effect is disappear from equation 14. 
Even though adding multi-lagged dependent variables could remove serial correlation for 
SA, others still suffer from serial correlation. Therefore, GBY and stock are excluded from 
the analysis of EIS using TSLS with lagged dependent variables. However, the null hy-
pothesis of insignificance of the instrumental lists suggested by Hall (1989) is not rejected 
by Housman endogeneity bias test at 10% significance level. These instrumental lists might 
be misspecified and not remove endogenous bias in this TSLS analysis.

The result shown in figure 4 indicates that EIS for SA is negative (-0.186) although it 
is statistically insignificant at 10%. This may imply that a rise in interest rate at time t leads 
to negative consumption growth next period because a rise in interest rate at time t reduce 
consumption at time t from the result of figure 3. It is ambiguous but this result may show 
that a rise in interest rate and therefore reduces consumption growth now and next period, 
deferring consumption further future. Carroll (2007a) also argues that habits increase the 
willingness to delay to spending, and increase the saving rate.

A conventional approach like Hall’s (1989) has also been conducted. This analysis 
uses TSLS without lagged dependent variables and all equations only suffer from serial 
correlation at 1% but not other diagnostic problems at 5%. The null hypothesis of the in-
strumental lists for GBY and SA is rejected by Hausman test at 5% although that of the 
instrumental lists for stock is not rejected at 10%. Therefore, it may shows that the instru-
mental lists for GBY and SA are correctly specified although those of stock may not.

Figure 5 shows that EIS is negative for GBY (-0.40) and SA (-0.41) and statistically 
significant at 1% while EIS is weakly positive for stock (0.05) and statistically important 
at 5%. These results reinforce previous result of figure 4. A rise in interest rate for GBY 
and SA reduces consumption now and next period, deferring consumption further future 
although we are not sure about when the further future comes, while reducing real interest 
rate is likely to increase real consumption growth now and next period but it is likely to be 
at expense of real further future consumption growth.

On the other hand, for stock, the result is reversed although its coefficient is very 
small, that is, a rise in real interest rate increases consumption growth now and next period. 
However, we need to consider the characteristic of assets. GBY and SA can be risk free 
assets whose return is easily predictable whereas stock can be risky asset whose return is 
difficult to predict and volatile.
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Risk averse individuals are likely to save for rainy days in the future and positive 
constants may show automatic (precautionary) savings which lead to continuous consump-
tion growth unrelated to real interest rate change. From utility equation (2), positive risk 
aversion makes ρ<0, individuals have a higher utility from future consumption than current 
one. Therefore, they tend to save now and spend future to maximize utility and automatic 
savings (constant) are higher relative to EIS for stock. On the other hand, since negative 
risk aversion makes ρ>0, individuals have a higher utility from current consumption than 
future consumption. Therefore, they tend to spend now to maximize utility and automatic 
savings (constant) is lower relative to EIS for GBY and SA.

As Krugman suggested, from figure 6 average real interest rates for GBY and SA were 
higher in 1991q1-2002q4 than other two periods but for the real stock return, it was lower 
in 1991q1-2002q4 than other periods. It has a reverse trend between stock and GBY and 
SA return. This can explain why the sign of EIS is different. As the econometric data show, 
during the period a rise in interest rates for GBY and SA reduced consumption at time t and 
following period t+1, deferring consumption to further future. A fall in real interest rate 
for stock also shows that it reduced consumption at time t and following period t+1 as EIS 
is positive. The past consumption was higher as real interest rate was high but current and 
future consumption would be lower as interest rate was lower.

Romer (2006) considers an individual with an infinite horizon and constant labor in-
come. From equation (3), the individual is willing to hold any amount of wealth if r =ρ. A 
similar analysis shows that if r > ρ, the individual’s wealth grows without bound, and that 
is r < ρ, their wealth falls without bound. Thus, the long run supply of capital is perfectly 
elastic at r=ρ. 

If we analyze the reason why gross domestic savings has started to decrease since 
1991 in figure 1 from average real interest rate in figure 6 and discount rate in figure 5, it 
does not explain well. For GBY, (1+ρ)>(1+r) shows that their wealth falls without bound 
while for SA and stock, (1+ρ)<(1+r) shows that the individual’s wealth grows without 
bound. These two results contradict each other.

Even though Carroll (1997) shows that the presence of uncertainty weakens this con-
clusion, Summers (1981) argues that if individuals have long horizons, small changes in 
saving can accumulate over time into large change in wealth. From equation (3), Summers 
supposes that the intertemporal substitution is small (r is slightly larger than ρ) and that 
labor income is constant. The former implies that consumption rises slowly over the indi-
vidual’s lifetime but with a long lifetime, this means that consumption is much large at the 
end of life than at the beginning. Since labor income is constant, this in turn implies that 
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the individual gradually builds up considerable savings over the first part of his or her life 
and gradually decumulates them over the remainder. As a result, when horizons are finite 
but long, wealth holdings may be highly responsive to the interest rate in the long run even 
if it is small in the short run.

SA has slightly larger r than ρ over the period of time. This should show that the in-
dividual gradually builds up considerable savings over the first part of his or her life but 
my data in figure 1 shows that the individual who was born in 1990’s gradually decumu-
lates them over the first part of his or her life. Therefore, both Romer and Summers do not 
explain the case of Japan in 1990’s. Their assumptions of constant labor income might be 
violated. Next we will consider Krugman’s idea.

From the intertemporal substitution perspective, Krugman’s idea of reducing real 
interest rate seems to have negative effects on consumption growth as it should reduce 
future consumption growth and the effect on current consumption growth is ambiguous.  
However, in the case of Japan with liquidity trap where there are not sufficient investment 
demands to meet excessive savings, we need a closer investigation.

If we consider the GDP flow chart in figure 7, when real interest rate is high, consum-
ers tend to increase savings at time t and t+1 to consume more in the future from intertem-
poral substitution perspective. However, if there are not sufficient investments demands to 
meet savings, outflow from the economy exceeds inflow to the economy. In this case, if 
net saving exceeds net export effects, total outflow from the economy exceeds total inflow 
to the economy. As a result, GDP continues falling and total income and savings are likely 
to fall, which causes an increase in future consumption growth never to be materialized.  
This vicious economic cycle may explain why Japan’s gross domestic savings has started 
to decrease since 1991 in figure 1. Therefore, we need to reduce the real interest rate to stop 
this cycle.
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Krugman’s idea is, hence, a right way to solve the liquidity trap from intertemporal 
substitution in consumption perspectives because intertemporal substitution does not work  
in an economy where outflow exceeds inflow to the economy.  In contrast, statistically, 
reducing real interest rate may have positive effects on consumption growth as it increases 
consumption growth now and next period, but the negative effects on future consumption 
growth are limited.

VI.  Conclusions

This paper has found three interesting results. First, a rise in interest rate reduces con-
sumption now and next period, deferring consumption further future although we are not 
sure about when the further future comes. Therefore, reducing real interest rate is likely to 
increase real consumption growth now and next period but it is likely to be at the expense 
of real future consumption growth. We need to have longer horizons to allow intertemporal 
substitution in more dynamic situation.

Second, intertemporal substitution works only in the situation that saving ≤ invest-
ment, or total inflow to the economy ≥ total outflow because deferring consumption growth 
to further future never materialized in shrinking economy due to fall in total income gener-
ated. Therefore, Krugman’s idea of reducing real interest rate is very important to stop the 
vicious cycles in a liquidity trap economy.

Third, reducing real interest rate for GBY and SA and raising real stock price would 
be the optimal policy to recover because reducing real interest rate would raise consump-
tion now and next period without significant loss for the future consumption growth in this 
case and encourage investment to increase stock price.

Analysis is limited because some data cannot remove serial correlation (t-ratio may 
be wrong) and statistically insignificant. Economic theory of consumption growth does not 
explain multi-lagged dependent variables to remove the serial correlation. Finally, some in-
strumental lists to remove the endogenous bias are unlikely to be specified correctly. Those 
may have affected the econometric results.
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The MaCroeConoMiC iMPaCT oF 
an inFlaTion TarGeT and Possible 

uniTed sTaTes adoPTion

Alaina Antonucci
Pennsylvania State University

This paper discusses the macroeconomic implications of inflation target 
adoption. An inflation target provides a “rule” for monetary policymakers, 
thus avoiding discretionary actions which can cause deviation from long-
term economic goals. Following a theoretical assessment of the implications 
of inflation target adoption, this paper will conduct and utilize empirical 
research to examine the relationship between shocks to inflation rates and 
long-term interest rates. The conclusions from this paper’s experimental 
research can be used in coordination with existing theoretical research in 
the debate for—and against—explicit inflation-target adoption.

ABSTRACT

I.  Overview

Fisher Effect
The Fisher Effect describes the long-run relationship between inflation and interest 

rates as:

i = r + πe        (Equation 1)

where i is the market-determined long-term interest rate (i.e. the rate on the ten-year Trea-
sury note), r is the real interest rate, and πe is the inflationary expectation. With the imple-
mentation of an explicit target, the relationships of Fisher Effect variables help aid central 
bank transparency by anchoring the relationship between inflation expectations and long-
term interest rates. In inflation-targeting countries, changes in inflation no longer have an 
effect on inflation expectations because they are anchored through the implementation of 
a target so long as the central bank is deemed credible. As a result, shocks to inflation in 
an inflation-targeting regime should have no effect on i because long-term interest rates 
remain stable due to the anchoring of πe.
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The adoption of an explicit inflation target would anchor inflation expectations, which 
are imperative to the economic analysis used by the Federal Reserve. Inflation expectations 
help to explain how households view changes in prices, acting as a comparison to central-
bank expectations (Bull 2007). Increased central bank accountability allows the public to 
better evaluate changes to long-term interest rates that occur as a result of anchored infla-
tion expectations (Bernanke 2007).1  Chairman Ben S. Bernanke explains:

“[T]he concept of anchored expectations is easily formalized in a variety of 
ways; in general, if the public is modeled as being confident in its current esti-
mate of the long-run inflation rate, so that new information has relatively little 
effect on that estimate, then the essential idea of well-anchored expectations 
has been captured (2007).”

It is the anchoring of expectations, which can be achieved through the implementa-
tion of a formal target, that causes the public’s expectations to remain non-reactionary to 
temporal changes in inflation. If households are aware that changes in inflation will be 
monitored closely by the Federal Reserve due to a shift in focus from a dual mandate to 
one of controlling inflation, the public will treat temporal variation in inflation as such and 
keep their expectations stable: this paper uses empirical analysis to examine the disconnect 
between actual and expected inflation as a result of inflation target adoption.

As seen via the Fisher Effect in Equation 1, changes in expected inflation can have 
an effect on changes in the market-determined long-run interest rates. If changes in actual 
inflation do not impact inflation expectations—as expected in credible inflation-targeting 
countries that anchor πe—then changes in inflation should not have an impact on i either. 
The adoption of an inflation target also has a large impact on how policymakers conduct 
macroeconomic policy.

II.  Macroeconomic Impact of an Inflation Target

Rules vs. Discretion
Historically there has been much debate over how policymakers should make eco-

nomic decisions. Traditionally monetary policymakers use either rules or central-bank dis-
cretion to maintain economic stability. The less uncertainty there is about future policy, 
the easier it is for the public to form expectations. When policymakers are able to use their 
discretion in setting policies, it is possible for deviation from the long-term economic sta-
bilization of prices in order to reach short-run growth-stimulating objectives. It is believed 
that under a rule policymakers would be able to credibly commit to policy decisions that 
would bring about the best long-run outcome, thus no longer "cheating" (Weerapana 2004). 
Frederick S. Mishkin, current Federal Reserve Governor, states, “It is better to depend less 
on individuals and more on institutions to achieve good policy results” (Mishkin 2002, 

 1 Despite the central bank’s use of expected inflation rates, skepticism exists on the ability of the public to 
judge the Federal Reserve’s credibility.
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152). If guided by rules, policymakers will not be able to systematically pursue policies 
that produce unexpected inflation because the public would be able to hold them account-
able for target deviations (Weerapana 2004).
The Actions of Policymakers to Ease Short-Term Economic Effects

United States monetary policymakers currently have a dual mandate to promote eco-
nomic growth while stabilizing prices. With this dual mandate, policymakers often have 
an incentive to "cheat" by pursuing short-run gains in output at the expense of long-term 
objectives. Monetary policymakers are faced with large consequences when cheating, but 
the implementation of an explicit inflation target—clearly defining a set rule for policy-
makers—aids in eliminating incentives to cheat, thus avoiding the consequent economic 
problems in the future.

Diagram A shows macroeconomic welfare indifference curves with percent change in 
price (actual inflation) on the y-axis and percent change in real output on the x-axis. It is 
argued that policymakers have a reason to move from point A to point B because the mar-
ginal cost of higher inflation is less than the marginal benefit of higher economic growth. 
Point B lies on an indifference curve that represents a higher level of welfare as compared 
to that passing through Point A. Policymakers "cheat" in an attempt to better economic 
growth in the short-run, believing that the rise in inflation will be minimal and temporary. 
The inevitable move to point C is the result of cheating: at this point a higher inflation 
rate is accompanied with the same output growth as point A, leading to a situation where 
society, in terms of welfare, is worse off than its initial position (Point A). The move to 
point C is inevitable because it is the result of the wage-inflation spiral where demands for 
higher wages accompany higher prices, and higher prices are needed to satisfy those wage 
demands2. 

An alternative to Diagram A is Diagram B, which depicts a similar analysis using ag-
gregate demand and aggregate supply. Diagram B shows the price to output relationship 
on an aggregate level, using Y* as a representation of full potential output3.  Economic 
research has attempted to find ways to lessen or eliminate the incentive to cheat, and one 
such way is the adoption of a rule.

 2 This is also known as the standard case of overheating. Output in excess of potential can only be sustained 
in the short run. In the long run, an economy is at potential.
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In the Wall Street Journal article, "American, Norwegian Win Nobel," Jon E. Hilsen-
rath discusses Edward C. Prescott and Finn E. Kydland's impact on the economic world 
through their research on central banking, focusing on reasons for periods of economic 
success and failure. In their 1977 paper "Rules Rather than Discretion: The Inconsistency 
of Optimal Plans," the authors examine the time-inconsistency trap as policymakers stray 
from long-terms goals during a period of stagflation in order to address short-run problems 
(Hilsenrath 2004, A2). As supported by Diagrams A and B, both modeling the time-incon-
sistency trap, the main conclusion of Kydland and Prescott’s research was that the long-
term cost of inflation increases outweigh the small amount of short-run economic growth. 
Their major recommendation: "Make a commitment and stick to it;" in response, many 
countries began adopting inflation targets (Hilsenrath 2004, A2). Kydland and Prescott are 
encouraging monetary policymakers’ use of rules rather than discretion.

Before Kydland and Prescott’s discussion of macroeconomic cheating, policymakers 
believed that sacrificing prices in the short-run would be non-consequential because it was 
initially thought the Philips Curve was sloped downward, not a vertical line as it actually 
is in the long run. If the Philips Curve was negatively sloped in the long run, then unem-
ployment could be reduced in exchange for somewhat increased inflation. Policymakers 
may have initially done this, but after some time, inflation continued to increase and the 
economy returned to original levels of output.

If adopted an inflation target would act as the primary rule for the central bank. In or-
der to avoid veering away from its target, policymakers will no longer "cheat" in the short 
run. As Ben Bernanke explained in his speech entitled Inflation Expectations and Inflation 
Forecasting, much of the instability in output and employment was a result of the lack of 
efficient maintenance of price stability; the adoption of an inflation target helps to avoid the 
pattern of “stop-go” monetary policies (2007). When an inflation target is in place, there is 

 

 

3  As seen in Diagram B—with general price level on the y-axis and output level on the x-axis—at initial 
starting point A, equilibrium is the point at which aggregate demand equals aggregate supply. When govern-
ment policymakers cheat, they stimulate aggregate demand and move to point B, incurring somewhat higher 
prices for increased output and exploiting the short-run gains in welfare. Economies can only operate above 
full employment in the short-run; as a result, higher prices push output back to its original level with even 
higher prices than originally, represented by point C.
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an increase in the accountability of the central bank, which leads policymakers to lower in-
terest rates only for real economic shocks that produce an output gap instead of attempting 
to cheat4.  For an all-encompassing view of an inflation-target’s macroeconomic impact, it 
is necessary to examine its impact on the yield curve.
The Yield Curve as an Economic Predictor

The yield curve is used to understand economic conditions and models short- and 
long-term expectations of future economic performance by financial market participants 
by plotting interest rates for bonds and their terms. Due to the impact of the term structure 
of interest rates as a collective forecast of long-term interest rates, the yield curve is able to 
predict changes in real economic activity (Keen 1989). For example, if expected inflation is 
believed to be high, the positive slope of the yield curve will become steeper as participants 
believe higher interest rates will be implemented to slow rapid price increases. When the 
yield curve gets steeper, it represents an increase in long-term interest rates; however, when 
the yield curve shifts up, both short- and long-term interest rates are increasing. It is the cy-
clical nature of the yield curve that is the basis for its use as an indicator of future economic 
conditions. Used by the US Federal Reserve as an indication of economic expectations in 
the future, the yield curve plays a role in the US decision to target inflation.

The pure expectations theory of the term structure assumes that various bond maturi-
ties are perfect substitutes, and thus that the shape of the yield curve is dependent on market 
participants’ expectations of future interest rates ("Yield Curve" 2007). This theory asserts 
that forward rates represent expected future rates; the entire term structure reflects the mar-
ket's expectations of future short-term rates (Harvey 2008). The pure expectations theory 
of the term structure can be modeled as:

     ie
10 = (ie

1 + ie
2 + ie

3 + ie
4 + ie

5 + ie
6 + ie

7 + ie
8 + ie

9 + ie
10) / 10       (Equation 2)

where i10 is the interest rate on a ten-year Treasury note, and subsequent values of i (i.e., i1, 
i2, etc.) are the expected interest rates on T-bills with shorter maturities. Equation 2 models 
the interest rate on the 10-year Treasury bill as an average of shorter-term interest rates on 
similar bonds. When inflation increases and inflation expectations also increase, the central 
bank increases short-term interest rates, thus impacting long-term interest rates (as mod-
eled by the Fisher Effect).5 

When monetary policymakers fail to adhere to long-term policy in an attempt to reach 
short-term goals, the relationship modeled by the yield curve changes. Diagram C repre-
sents the change in yield-curve position and slope when policymakers attempt to "cheat" 
for short-term gains.6 

The stability and leveling of the yield curve are expected results of inflation-target 
adoption. As Neumann and von Hagen discuss in their 2002 paper, Does Inflation Target-
4   After the adoption of an inflation target, the incentive to cheat is eliminated: at the initial starting point 
(Point A in Diagrams A and B), the economy is at full employment with inflation at its designated target. De-
viating at all from this price level would make economic welfare worse off because policymakers—now with 
a single mandate to maintain inflation—cannot cheat without deviating from the announced target, therefore 
sacrificing public confidence as a result of greater accountability.
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ing Matter?, “The volatility of official central bank interest rates (both nominal and real) 
has declined substantially after the introduction of [inflation targeting].” With a clearly 
defined mandate—accompanied by greater central bank transparency—the public knows 
changes in interest rates may not necessarily indicate an unstable economic future ahead.

III.  Data Analysis

In this study, impulse response graphs aim to examine the reaction of long-term inter-
est rates to changes in inflation.  To do so the impulse response graphs show the effect of a 
shock to inflation and examine the impact on interest rates. It is important to study shocks 
to inflation because shocks cannot be determined by previous inflation or interest rates and 
are therefore truly unexpected and unpredictable. The two following equations show the 
relationships the impulse response graphs test to determine effects on long-term interest 
rates:

Πt = α1Πt-1 + α2Πt-2 + α3Πt-3 + β1it-1 + β2it-2 + β3it-3 + Et          (Equation 3)

 

 

5  According to the pure expectations theory of the term structure, increasing short-term interest rates leads to 
increases in i10. On the other hand, in an inflation-targeting regime, when inflation goes up inflation expecta-
tions remain anchored and one of two effects may occur: either the Fed will not have to react by changing 
short-term rates due to anchored expectations and thus, via the pure expectations theory of the term struc-
ture, the long rate should also remain stable; or despite expectations being anchored, the central bank will 
be strongly hawkish on inflation and react by changing short-term rates, and thus long-term rates, to avoid 
any deviation from the target. There is an expectation that data analysis may be disjoint due to the relative 
“hawkishness” of the central bank and the resulting impact on the relationships modeled in the Fisher Effect 
and the pure expectations theory of the term structure. This conflict is discussed following the data analysis 
section of the paper.
6  Point a represents short-term interest rates before government policymakers attempt to “cheat,” with long-
term interest rates represented by point b.  As seen above, when policymakers “cheat,” the slope of the yield 
curve increases. Short-term rates are lower because policymakers lower rates to gain the short-term increases 
in output. This difference is the effect of decreased confidence in future economic stability, reflected by inves-
tors’ desired compensation for higher inflation in the future. The new point a’ shows lower short-term interest 
rates, while point b’ represents higher long-term interest rates. Long-term interest rates are higher in YC’ 
because government policymakers will need to harness inflation by raising interest rates—thus, the implied 
expectations of future short rates change. Monetary policymakers must then attempt to slow the economy 
they once stimulated for short-term gains, resulting in higher inflation. 
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it = α1it-1 + α2it-2 + α3it-3 + β1Πt-1 + β2Πt-2 + β3Πt-3 + δt                       (Equation 4)

Given the use of monthly data, the variables are time-based, where time t is current 
and t-i represents a lag of i periods. Equation 3 shows Πt as a measure of previous inflation 
rates and previous long-term interest rates plus an error term, Et. When inflation rates are 
shocked, impulse response graphs study the responses of variables Πt and it to changes in 
Et. Equation 4 shows the relationship between interest rates and inflation in determining 
interest rates; mainly, previous inflation rates are determinants of the current long-term 
interest rate (as explained via the Fisher Effect and the pure expectation theory of the term 
structure).

To obtain α and β coefficients, VAR Estimation was used. Then impulse response 
functions were used to trace the effect of a one standard deviation shock to the error term 
(EViews 1998). This shock is indicated by a change in Et, so that the shock is truly due to 
“news.” In an inflation-targeting regime, this shock should not have an effect because infla-
tion expectations are anchored, and thus shocks to inflation should not impact changes in 
long-term interest rates. 
Before and After Inflation-Target Adoption

When looking at the following two examples, Tables 1 and 2 indicate the coefficients 
for Equation 3. The graphs on the right (Figures 1 and 2) are the impulse response func-
tions for each country both before and after the target. Particularly of importance is the 
southwest quadrant which shows how shocks to inflation impact long-term interest rates.  
When the response function is above the 0 line as indicated by the sold line (the dashed 
lines indicate a range of one standard deviation), it shows that shocks to inflation do have 
an impact on long-term interest rates (as is seen in the impulse responses before target 
adoption). When looking at the impulse responses after the adoption of a target, the blue 
line is underneath the 0 line, indicating that changes to inflation no longer impact long-term 
interest rates7, proving the hypothesis correct. The long-term rate does not change because 
the anchoring of inflation expectations has lessened the impact shocks to actual inflation 
have on long-term rates; moreover, it is the relationship studied in the Fisher Effect that 
adoption now anchors. 

As seen in Figures 1 and 2, when comparing the impulse response graphs from before 
and after the target, after the date of inflation-target adoption (February 1991), shocks to 
inflation had a weakened effect on long-term interest rates.  While the results for Canada 
follow expectations from theoretical research, they provide ideal results and other coun-
tries did not have similar findings.

Looking at the impulse response graphs for all twenty-one inflation-targeting coun-
tries studied, results were mixed. The following eight countries had insufficient or incom-
plete data, either studied interest rates were not market-determined or large omissions were 
found: Australia, Czech Republic, Hungary, Korea, Mexico, New Zealand, Philippines, 
and Poland. The following eight countries had results which were different from expecta-
7 The remaining three quadrants observe the other relationships of the variables (i.e., the relationship shocks 
to interest rates have on inflation, which is observed in the northeast quadrant).
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tions, but not necessarily opposite: Brazil, Chile, Colombia, Iceland, Israel, Peru, Sweden, 
and Thailand. The following countries had results which were in line with expectations and 
are similar to the findings in Canada: Norway, South Africa, Switzerland, and the United 
Kingdom. 
Inflation-Target Adoption vs. No Adoption

As indicated by the pure expectation theory of the term structure, in non-targeting 
countries, the long-term rate will increase in response to an inflation shock because the 
future paths of short-term rates increase when the central bank attempts to fight the shock 
to inflation. This is indicated in the following impulse response functions (Figure 3) of 
two non-inflation-targeting countries (the graph of interest is still observed in the south-
west quadrants). When the response function is above the 0 line (as indicated by the blue 
line), it shows that shocks to inflation do have an impact on long-term interest rates (also 
seen in the impulse responses before target adoption for the targeting countries). As seen 
in Figure 3, the impulse response graph of the United States shows that shocks to inflation 
have an impact on long-term interest rates. While the results for the United States follow 
expectations from theoretical research, they provide ideal results and all but one country 
had similar findings.

Looking at the impulse response graphs for the ten non inflation-targeting countries 
studied, results were fairly consistent. The following nine countries had results in line with 
expectations that shocks to inflation will have an effect on long-term interest rates if a 
country is not inflation-targeting: Belgium, Denmark, Estonia, Finland, Hong Kong, Lux-
emburg, Netherlands, Singapore, and the United States. Ireland was the only non inflation-
targeting country that had results not expected in theoretical research. There are possible 
reasons for the variation in outcomes for data analysis, and they will be discussed in detail 
next.
Caveats

Possible discrepancies or inconsistencies with preliminary data or data analysis may 
be attributed to several temporal and fundamental trends including lags in adjusting to an 
inflation-targeting regime. The lag between changes in the money supply and correspond-
ing changes in the CPI is somewhere between 18 and 30 months (Garrison, 2005). This 
lag can be partially attributed to the inability of businesses and consumers to immediately 
change consumption upon changes in interest rates (National Council on Economic Educa-
tion, 2007). 

Initially, the introduction of an inflation target would require a period of adjustment 
for the central bank as it attempts to focus efforts on reaching and maintaining an inflation 
rate within the designated range. As Nicoletta Batini and Edward Nelson explain in their 
paper, “[K]nowledge of the lags in the effect of monetary policy is crucial for a successful 
inflation-targeting framework” (2001, 385).  Variability in previous policy may account for 
target misses in the beginning of an inflation-targeting policy due to monetary policy lags 
(Batini and Nelson, 2001, 388). 

 In addition to adjustments that must be made within the central bank, the adoption 
of an inflation target will impact the public’s expectations for future inflation, thus affecting 
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the relationship modeled by the Fisher Effect. Possible lags in the public's comprehension 
and full grasping of heightened central bank accountability and transparency in dealing 
with monetary policy will impact the expectations of and confidence in the abilities of the 
central bank. The public’s response to fluctuations in economic growth not consistent with 
their nation’s previous non-inflation-targeting regime may also lend itself to explanations 
for variations in data consistency. 

Many of the inflation-targeting countries examined first adopted their policies in the 
late 1990s and 2000s, a time of worldwide economic growth. When inflation is relatively 
stable, which could be attributed to this worldwide trend, then a one standard deviation 
shock to inflation as tested in the data analysis sections will not have as great an im-
pact when observing changes to interest rates. Without this initial stability, helping both 
monetary policymakers and the public adjust in a relatively secure economic time period, 
inflation-targeting adoption and control may not have been as successful.

Inflation targeting is a relatively recent economic development and has only gained 
popularity beginning less than twenty years ago. Due to the recent nature of inflation tar-
geting, it is difficult to gather sufficient data for the purpose of conducting time-series 
econometric work to evaluate this monetary-policy strategy (Mishkin 2002, 149). Accord-
ing to Frederic S. Mishkin, only preliminary econometric work has been done on this topic 
because of its novel nature and the inability of data to correctly capture trends that may 
be just beginning (2002, 49). Most empirical analysis that has been conducted on inflation 
targeting has lacked “viable and representative data” (Mishkin 2002, 151). Recognizing 
these caveats, data analysis can be used to form recommendations for US inflation-target 
adoption.

IV.  Implications and Recommendations

Interpretation of Data Analysis
Impulse response graphs show the effect of exogenous shocks to current and future 

values of an endogenous variable; in this study this variable was inflation rates. Observed 
impulse responses in countries without an explicit inflation target generally reveal a sig-
nificant connection between shocks to inflation rates and movements in long-term interest 
rates. In these non-targeting countries, shocks to inflation will cause changes in long-term 
interest rates as implied by the Fisher Effect. 

Countries that have adopted an inflation target show a different relationship according 
to impulse response function analysis.  In particular before the adoption of a formal target, 
impulse responses yielded similar findings to non-targeting countries. A strong connec-
tion between shocks to inflation and long-term interest rates was observed; more directly 
shocks to inflation caused changes in long-term interest rates. After the adoption of an 
explicit inflation target, impulse response graphs generally showed a much weaker connec-
tion between inflation shocks and long-term interest rates. It is argued that the anchoring of 
inflation expectations weakens the correspondence between actual and expected inflation, 
and thus shocks to actual inflation do not translate into inflation expectations as they did 
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prior to inflation targeting. This “disconnect” results in a weaker relationship between actu-
al inflation and long-term interest rates. Changes in actual inflation no longer had the same 
impact on interest rates via changes in expected inflation since, by definition, the main 
purpose of an inflation-targeting regime is to stabilize inflationary expectations, resulting 
in a  “disconnect” between actual and expected inflation rates. This analysis can contribute 
to providing a recommendation for United States adoption of an explicit inflation target.
United States Adoption

Despite some data proving a weakening in the relationship between shocks to infla-
tion and long-term interest rates after inflation-target adoption, there will continue to be 
great debate over US adoption and its possible impact on unemployment and economic 
growth. Many critics of targeting fail to recognize the belief of many policymakers that 
the stabilization of inflation will allow the economy to reach an ideal level of growth and 
reduce the variability of output. Furthermore, the adoption of a target will arguably give the 
Federal Reserve tighter and more reliable control over interest rates. As suggested above 
the anchoring of inflation expectations helps stabilize long-term interest rates. With the 
anchoring of the πe term of the Fisher Effect, changes to nominal interest rates made by 
the Federal Reserve are now due only to real shocks in inflation and unemployment, thus 
removing the incentive for monetary policymakers to chase short-run gains in output at the 
expense of long-term price stability. It is expected that inflation targeting will lead to a re-
duction in the volatility of economic growth with the diminution of the time-inconsistency 
trap and provide more direct influence over long-term real interest rates.

Until inflation targeting has been implemented as a monetary-policy strategy for a 
significant amount of time, allowing data to fully represent its real-world impact, empiri-
cal analysis will be limited in its ability to draw clear conclusions and relationships. It is 
hoped that future research will shed more light on the importance of central bank actions 
in determining the path of future long-term interest rates.
Future Research

In the midst of empirical research, an important relationship was discovered between 
the impact of shocks to inflation on long-term interest rates and the actions taken by the 
central bank resulting from these changes in actual inflation. This relationship could con-
tribute to data analysis inconsistencies and should be investigated in the future through em-
pirical research. The key issue is rooted in the relationship—or lack thereof—of long-term 
interest rates when there is a shock to actual inflation.

On the one hand, if an inflation target anchors inflation expectations and the public 
deems the central bank credible, then long rates should be less sensitive to changes in ac-
tual inflation. On the other hand, given the inflation-targeting regime, a central bank may 
be increasingly hawkish (raising interest rates quickly in response to keep actual inflation 
low) and raise short-term interest rates, thus raising long-term interest rates via the pure 
expectations theory of the term structure. There is VAR evidence that indicates the impor-
tance of inflation shocks as “a source of the variance of interest rates rises after adoption of 
inflation targeting” (Mishkin 2002, 149). If the central bank decides to raise interest rates, 
then the slope of the yield curve will remain the same and the yield curve will make a paral-
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lel shift out (as pictured in Diagram D).8

On the other hand, if the central bank believes an inflation target will be sufficient in 
anchoring expectations, then they may remain relatively ‘non-reactionary’ to changes in 
actual inflation, recognizing that if inflationary expectations are well anchored, the appro-
priate policy may be passive—in effect reaping the benefits of the well-anchored inflation-
ary expectations. If this is the case, then the central bank need not respond as much to “the 
temporary upward blip in inflation because inflation expectations will keep inflation from 
deviating much from the inflation target” (Mishkin, 2002, 150). If the central bank does 
not take any action and maintains current levels of short-term interest rates, long-term rates 
remain stable as a result of well-anchored inflationary expectations (via the Fisher effect).  
This being the case a muted reaction of long rates to inflation shocks is expected. 

The discussion above may explain the mixed results of data analysis when observing 
the reaction of long-term interest rates to inflation shocks. Extensions of the current study 
should further investigate the reaction of various interest rates along the yield curve. Future 
empirical research will add a greater depth of knowledge to the inflation-targeting debate 
and will also provide the United States with more information regarding its possible adop-
tion.

V.  Conclusion

While debate is expected to continue over the possible implications of inflation tar-
geting both in the US and other countries, it is important to examine the macroeconomic 
effects of inflation targeting. Clearly setting and specifying an explicit target can help avoid 
unexpected repercussions when adopting a target. Providing policymakers with a rule—
such as inflation targeting—can help avoid discretionary actions which will lead to a devia-
tion in long-term economic goals. While empirical analysis remains difficult due to the the 
recent nature of inflation-target data, data analysis implications attempt to outline possible 
future expirimental research useful once data becomes more reliable and complete. Debate 
over inflation-target adoption is not likely to be resolved in the immediate future; however, 
8 This shift leads to both higher short-term and long-term interest rates and is a result of higher expected short 
rates (i.e., a hawkish central bank) via the pure expectation theory of the term structure.
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the use of further research can aid policymakers in establishing a case for potential adop-
tion and help to fully examine the impact of central bank actions following the adoption of 
an explicit target.
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This paper seeks to investigate the effect of democracy within recipient 
countries on the allocation of bilateral U.S. aid from 1997-2006.  Previous 
research indicated that during the Cold War era one of the primary 
determinants of the distribution of U.S. aid was whether a recipient country 
was a democracy.  I choose to examine whether this relationship remains 
significant in a post-Cold War world that lacks a clearly defined foreign 
policy agenda.  Using a fixed effects model, I test the significance of 
economic need, government’s effectiveness in using aid, being a strategic 
ally, and level of democracy on the probability of being approved for aid 
and on the size of the allocation.  The principal result is that the level of 
democracy in a recipient country is still a significant determinant of the 
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I. Introduction

The practice of providing aid to foreign countries is a relatively modern phenomenon 
which nearly all countries have accepted as a legitimate policy tool within international 
relations.  A technical definition of aid as a “voluntary transfer of public resources, from a 
government to another independent government, to an NGO, or to an international orga-
nization…one goal of which is to improve the human condition in the country receiving” 
fails to convey the full scope of this concept (Lancaster 2007, 9).  Since the end of WWII, 
greater than a trillion dollars has been allotted to foreign aid activities, funding diverse 
projects such as relieving debt, enhancing educational quality, improving government ad-
ministration, administering vaccinations, and securing physical safety.  The decisions of 
how and to whom to allot aid affect billions of individuals around the globe especially 
considering the indirect channels through which aid may stimulate economic development.

The large amount of bilateral assistance distributed by the United States government 
over the past half century has led to substantial investigation of the determinants of aid al-
location.1   During the Cold War era, one of the primary factors determining the distribution 
of U.S. aid was whether a recipient country was a democracy (Olofsgard and Boschini, 
2007).  Yet, with the recent growth of aid since the middle of the 1990s along with the lack 
of a defined foreign policy agenda, no recent studies have asked whether democracies con-
tinue to receive more U.S. aid.2   Even if researchers found evidence that this correlation 
remained significant for overall U.S. aid in recent years, the importance of this factor may 
vary depending whether the funding is targeted for economic development or military aid.  

Another strand of the aid literature attempts to quantify the effective impact of bilat-
eral aid so as to justify its use and possible expansion.  Relying upon an analysis of the 
effects of aid on economic development indicators, researchers have shown that it has a 
weakly significant, yet positive effect on growth rates.  This finding is the result of an al-
location process in which aid has not been directed to those countries that would be most 
likely to use it effectively (Burnside and Dollar 2000).  To determine effectiveness, these 
studies build on previous research that examines which institutions are correlated with 
high levels of growth and how these institutions are related to democracy (Barro 1996).  
Yet, these limited attempts to quantify the impact of total aid do not consider the diverse 
types of aid and their distinct ends which one would expect to influence how the United 
States determines its aid allocations.  Instead of testing the overall impact of the U.S. aid 
program, this paper will evaluate whether aid allocations are distributed to those countries 
with greater need and likelihood of using the aid for its intended purposes.

My research builds on previous work by utilizing the most recent data available from 
the United States Agency for International Development (USAID) to assess the patterns of 
U.S. aid outflows in a post-Cold War world where political security interests no longer are 

1  See Alesina, Alberto F. and Dollar, David, "Who Gives Foreign Aid to Whom and Why?" (June 1998). 
NBER Working Paper No. W6612. for one of the classic papers within this area of study.
2  From 1997 to 2006, the total U.S. aid allocation increased from $17.014 billion to $39.039 billion. A graph-
ical representation of the annual data from the USAID’s Greenbook is available upon request from the author.  
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the clear determinant.  This research will also contribute to the study of aid by offering an 
empirical analysis of bilateral assistance taking into account its different purposes.  If the 
results show that, regardless of type, U.S. bilateral aid is channeled disproportionately to 
democratic countries, independent of their effectiveness at administering these funds, this 
research will provide a critique of U.S. foreign aid decisions.  Conversely, if patterns of aid 
outflows reach those countries that each type of aid targets, then this finding could form the 
basis of support for expanding an efficiently administered U.S. aid program.  

Therefore, this paper examines the effect of democracy on U.S. bilateral aid allocation 
decisions from 1997-2006.  Using a fixed-effects model, I test the significance of economic 
need (measured by the natural log of GDP/capita), government’s effectiveness in using aid 
(measured by political variables correlated with a well-functioning government such as 
control of corruption and rule of law), being a strategic ally (measured by correspondence 
with U.S. voting patterns on key UN resolutions), and level of democracy (measured by 
Freedom House’s indicator of political freedom) on the probability of being approved for 
aid and on the size of the allocation.  I also examine the robustness of these results across 
subtypes of aid and subsets of countries based on income levels.  

 Data measuring the degree to which a political regime is a democracy are drawn 
from Freedom House’s measures of political rights and civil liberties.  Variables capturing 
political measures of government effectiveness are derived from the World Bank Institute’s 
World Governance Matters reports from 1996-2006.  The measure of strategic alliance 
with the United States is constructed using the correspondence between the country’s and 
the U.S.’s UN voting records on key security issues during the time period.  Other control 
variables examining specific country characteristics such as GDP/capita, growth rates, and 
population size are taken from the World Bank’s World Development Indicators.  All aid 
variables are drawn from USAID’s Greenbook.     

In the remainder of this paper, section II offers a literature review of both theoretical 
and empirical analyses of the patterns of U.S. aid decisions with special focus on the ef-
fect of democracy within recipient countries on these allocations.  Section III presents the 
estimation methodology used in the paper.  Section IV describes the data used and their 
respective sources, with a particular focus on the measure of strategic U.S. allies.  Section 
V discusses the results from the fixed effects models, including tests for robustness.  Sec-
tion VI interprets the significance of the findings for the current U.S. aid program.

II.  Literature Review 

Foreign aid has attracted a significant amount of attention from the academic com-
munity since its establishment as an accepted diplomatic tool following World War II.  Re-
search has ranged from the effects of aid on developing countries, to the role of multilateral 
versus bilateral aid, to the most effective design of aid packages, and most importantly for 
this paper, to the determinants of aid allocations.  In this paper, I analyze the factors that 
influence allocation of U.S. aid during the past decade.  The theoretical model used in this 
investigation draws upon previous research within the field of the economics of aid while 
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making its own contributions.  
The research from the 1950s and 1960s focused on quantifying the impact of aid 

within recipient countries with little consideration of how it was allocated.  Many of these 
studies rely upon an enhanced version of the Neo-classical growth model that focuses on 
the role of aid as a unilateral transfer which can slightly increase consumption and/or in-
vestment.  While many of these models use simple cross-sectional data and fail to test for 
endogeneity problems, more recent work correcting for these shortcomings, confirms that 
aid inflows barely affect per capita growth rates (Boone 1996).  

Continuing to measure the effects of aid on economic development indicators, more 
recent studies of the impact of aid argue for the role of institutions which increase the 
likelihood that aid achieves these goals (Svensson 1999).  In his study, Svensson creates 
a theoretical model in which donors distribute aid with the goal of poverty alleviation as 
their primary motivation, even though he recognizes that a more complex set of factors 
influence aid decisions.  His model shows that without conditionality, there is a moral 
hazard problem in which recipients have few incentives to alleviate poverty if this would 
diminish their future aid inflows.  Thus, in designing a conditional approach to increase 
the effectiveness of aid allocations, Svensson emphasizes the role of institutions which are 
growth-enhancing since his measure of effectiveness explicitly relies upon the role of aid 
as a tool for economic development.

A related strand of literature further examines what is the link between democracy 
and the institutions that are correlated with high levels of growth (Barro, 1994).  Although 
Barro’s study and others find a slightly negative effect of democracy on economic growth, 
more recent work by Tavares and Wacziarg (2000) examines democracy’s effect on growth 
via institutional channels.  They find that democracy is positively correlated with greater 
human capital and lower economic equality both of which encourage growth.  At the same 
time, their results show that democracy is correlated with a lower rate of physical capital 
accumulation and greater government consumption both of which negatively affect eco-
nomic growth.  On balance, they find that the effect on democracy on economic growth is 
slightly negative.  

Although more work is required to assess the effect of democracy on the economic 
impacts of aid, this paper chooses to assess the recipient-country factors which affect the 
allocations of U.S. aid.  A major weakness of earlier research on the impact of aid is the 
unquestioned assumption that aid is actually allocated efficiently.  Previous studies also as-
sume that donors allocate aid to only the neediest countries, thus overlooking the fact that 
aid is allocated to serve multiple functions.  The remainder of this section will review the 
most influential papers which guide the specification of the model I choose to use to test 
the effect of democracy within recipient countries on the bilateral allocation of U.S. aid.  

After years of focusing on the economic impact of aid and limiting discussions of aid 
allocation to qualitative analyses, researchers also created a set of theoretical models that 
attempted to explain which countries a government decides to disburse aid.  One of the 
seminal works within this area is Dudley and Montmarquette’s (1976) theoretical model 
in which the total supply of aid is determined by the optimization of the utility function 
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of the donor country’s population.  In their model, the authors depict the donor country’s 
utility as a cumulative function of the consumption of two types of “goods”: all non-aid 
related goods and the benefits its citizens receive from providing aid.3   From this theo-
retical sketch, the authors generate a set of verifiable hypotheses which are tested empiri-
cally to determine which of these principal factors are most correlated with a country’s 
aid decisions.  Their results find that political ties, commercial ties, and total aid received 
are factors positively correlated with U.S. aid in 1970, while a recipient country’s level of 
per capita income is negatively, but insignificantly, correlated.  This work provides a theo-
retical base for empirically studying which factors within recipient countries influence a 
donor’s aid allocation decisions.  

Building on this theoretical framework, researchers have suggested other variables 
that could affect the allocation of aid.  One of the most-cited papers is Burnside and Dol-
lar’s (2000) which uses a fixed-effects model to regress aid as a percentage of a recipient 
country’s GDP per capita on a set of policy indicators measuring macroeconomic variables, 
the log of a recipient’s population, and a vector of other controls that affect aid amounts as 
cited above by Dudley and Montmarquette.  The addition of a weighted policy index that 
measures inflation, trade openness, and fiscal policy confirms the finding in Boone (1996) 
that within the average policy environment, aid has no effect on economic growth.  Yet, 
Burnside and Dollar’s interaction terms between the policy index and aid provide statisti-
cally significant evidence that aid is positively correlated with economic growth in good 
policy environments.  Interestingly, this study also finds that the policy variables have no 
effect on the distribution of aid in their sample period, 1970-1994.  One recommendation 
suggested by their results is the conditioning of aid on sound macroeconomic policies so as 
to make it more effective.  In this paper, I will test the hypothesis that aid allocation is now 
directed to countries with better policies using the most recent data available from 1997 to 
2006. 

I also choose to examine the effect of geo-political alliances on aid allocations given 
that previous work within the field suggests that donor countries consider their strategic 
interests in allocating aid.  In particular, the United States has preferred to allocate its aid 
based on its strategic interests which prioritizes political variables rather than good policy 
indicators and rewards recent democratizations with 50% increases in aid outflows (Ale-
sina and Dollar 1998).  While some measures of strategic interests simply use a dummy 
variable for a democracy or create an elaborate measure of lagged inflows of arms imports 
relative to total imports (Burnside and Dollar 2000), Alesina and Dollar (1998) generate 
an index based on the total correlation in votes in the United Nations’ General Assembly 
(GA) between a donor and recipient country.  In this paper, I construct a similar measure 
which only examines the correlation in votes on key UN resolutions as identified by the 

3  Some of the indirect benefits which a donor country’s population receives from disbursing aid are greater 
political homogenization, a more developed commercial network, and an intangible sense of satisfaction 
knowing they helped another.  In order to calculate the hypothetical size of the effect of each of these factors 
on the total amount of aid a country allocates, a series of assumptions regarding the country’s preferences is 
necessary.  
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U.S. Department of State.4   
The final independent variable which I include in my model is a measure of democ-

racy given that I wish to test whether this factor continues to influence bilateral U.S. aid 
allocations.   The majority of studies that have examined this relationship focus on data 
from the Cold War when U.S. aid allocations were clearly influenced by strategic inter-
ests that largely disappeared in 1990 (Olofsgard and Boschini 2007).  Yet, with the recent 
growth of aid since the middle of the 1990s, along with the lack of a clearly defined U.S. 
foreign policy agenda, the question remains whether democracies continue to receive more 
U.S. aid.  It would also be interesting to test the importance of this factor which may vary 
depending whether the funding is targeted for economic development or military aid.  

While much of the literature on aid continues to use the theoretical framework outlined 
above, one important extension is the use of panel data which allows country and time-
specific effects to explain the distribution of aid (See Trumbull and Wall 1994).  Trumbull 
and Wall build upon the previous theoretical work by creating a simultaneous model in 
which each donor is completely altruistic and maximizes the total impact of foreign aid 
in all recipient countries. Trumbull and Wall also test the hypothesis that each recipient 
country carries a specific weight that influences a donor country’s aid allocation against the 
alternative that all recipients are weighted equally.5   They find statistically significant sup-
port for their model, which includes country-specific dummy variables.  Thus, they argue 
that previous cross-sectional studies are inaccurately specified and generate inconsistent 
estimates on the independent variables.  This finding lends support to my use of panel data 
in the specification of my model so as to capture the recipient-specific effects which are not 
easily quantifiable as well as time-specific effects which could capture worldwide business 
cycles that likely affect patterns of aid distribution. 

III.  Description of Model

To examine which factors within recipient countries are correlated with larger receipts 
of U.S. bilateral aid, I will rely on an empirical analysis of bilateral assistance.  I begin by 
measuring total aid allocations in three different ways.  The first method will use a limited 
dependent variable that captures the probability that a particular country receives aid.  The 
second measure of the amount of aid received will quantify a country’s share of total U.S. 
aid allocations in a given year.  This will capture which factors within a recipient country 
serve to increase its status relative to its peers within the broader U.S. foreign assistance 
framework.  Finally, I will consider the amount received as a percentage of that country’s 
overall GDP.  This final set of independent variables will illustrate what factors contribute 
to a country’s dependence on outside U.S. financial support.         

Building on the existent aid literature, I use the following fixed effects model, largely 
inspired by that of Burnside and Dollar (2000):

4  A more detailed account of this measure can be found in Section IV that describes the date used.
5  Some potential explanations for these recipient country-specific weights are that a donor country may have 
an increased proclivity to donate to its former colonies or those countries which share a similar culture..  
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The dependent variable represents the amount of each type of aid received (as mea-
sured by the three sets of dependent variables previously mentioned).   yit represents the 
natural log of the recipient country’s GDP per capita, capturing a country’s economic need.    
dit represents the level of democracy within a country.   sit is the strategic interest index con-
structed from the correspondence of a recipient country’s votes with U.S. voting patterns 
on important UN resolutions.  This variable is lagged by one year so as to account for any 
potential reverse causality that may result from countries becoming more closely aligned 
with the U.S. after receiving aid.   git is the measure of different government policy vari-
ables which are correlated with the effective use of bilateral aid.   ci and  tt are the country 
and year dummies, respectively.   The remaining term is an observation-specific error term 
which is assumed to be uncorrelated with the dependent variable.  All variables except the 
country and year dummies are indexed by both recipient country and year.

In the first set of regressions that examine the likelihood that a country receives U.S. 
bilateral aid, I use a random effects probit model following the same parameters listed 
above.  The other two dependent variables are estimated using a fixed effects linear regres-
sion based on the preceding model subject to certain constraints.  I later examine whether 
these effects vary when considering the allocation of aid specifically targeted for economic 
and military assistance. 

IV.  Description of Data6

Building on previous research in the area of aid, I utilize the most recent data avail-
able to assess the patterns of U.S. aid allocations in a post-Cold War world where political 
security interests no longer are the primary determinant.  All aid variables are calculated 
from data available from USAID’s Greenbook.  This panel dataset includes a breakdown of 
aid allocations to 191 possible recipient countries from 1997 to 2006.7   The total amounts 
were reported in constant 2000 US$ levels.  

An aid recipient dummy was constructed taking a positive value if a country had re-
ceived aid in a given year.  This measure enters the probit equations as the dependent vari-
able.  The other two measures used as dependent variables are calculated as percentages as 
seen below:

ittiititititit tcgsdy µbbbbbα +++++++= 43210

6  A detailed description of the variables and their sources is listed in Table 1.  The summary statistics for all 
variables used are available upon request from the author.
7  The data source also lists those countries which received no bilateral aid from the United States thus war-
ranting the term “possible recipient.”
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Table 1: List of Variables with Data Sources



THE RELATIVE EFFECT OF DEMOCRACY WITHIN RECIPIENT COUNTRIES
ON ALLOCATIONS OF DIFFERENT FORMS OF BILATERAL U.S. ASSISTANCE

104

Data measuring the degree to which a political regime is a democracy are drawn from 
Freedom House’s measures of political rights and civil liberties.  This measure is often used 
in the literature as a democracy proxy given its broad coverage and comprehensive con-
sideration of the many elements that strengthen a democracy.  These values have been ma-
nipulated such that they range from 1 to 7 with the latter representing the most democratic 
countries.8   Variables capturing political measures of government effectiveness are derived 
from the World Bank Institute’s World Governance Matters reports from 1996-2006.9  All 
other control variables examining specific country characteristics such as GDP/capita and 
population size are drawn from the World Bank’s World Development Indicators.  

As a unique contribution to the already existing data, the measure of strategic alliance 
with the United States requires a more detailed description.  This variable is constructed 
using the correspondence between a country’s and the U.S.’s UN voting records on key 
security issues during the time period.  Inspired by Alesina and Dollar’s (1998) measure 
of alliances based on total correlation in UN voting patterns, I only examine the voting 
behavior on key security resolutions considered by the General Assembly.  The U.S. State 
Department annually releases a publication listing the General Assembly non-consensus 
resolutions that they consider most important for the country’s strategic interests.  The ally 
measure is a percentage calculated for a given country in a given year using the following 
formula:

 

It is important to note that this measure does not consider any non-vote (either an 
abstention or due to absence) as part of the number of critical votes.  I defend this decision 
since the countries with many absences are typically the smaller island countries which 
consider the United States an important ally given their own relatively limited influence 
within global politics.  If absences were included, many countries’ ally measures would 
take lower values based on a very high number of unmatched votes, potentially leading to 
a misinterpretation of the ally variable.

V.  Econometric Results

Within this section, I present and discuss the significance of my empirical results from 
the fixed-effects models of the allocation of bilateral U.S. aid.10   I begin by presenting the 

8  Normally, Freedom House uses a counter-intuitive measure in which their scale ranges from 1 to 7 with 
the latter value representing the least free countries.  I have reversed the scale to facilitate interpretation of 
the variable. 
9  These reports had been released every two years until 2000 when they became an annual publication.  For 
years when no reports were available, the extrapolated values are simply the means of the preceding and fol-
lowing years. 
10  The regression results using the panel data as a pooled cross section and an ordinary least squares estimator 
are available upon request from the author.  I choose not to discuss these results within the text because the 
literature argues that models ignoring country-specific effects are not accurately specified.  
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aggregate results for total U.S. aid allocations based on the likelihood of receiving aid and 
the size of the allocation.  I then examine whether these results differ when considering 
whether the aid is designated for economic versus military support.  Lastly, I include a 
short sensitivity analysis which tests the robustness of the results subject to the exclusion 
of particular sets of countries such as very-high income countries and large aid recipients 
which could be driving the initial findings.  
Total Aid 11

A review of the regression results for total aid reveal the key finding that whether a 
country is a democracy only matters when considering whether a country receives bilat-
eral U.S. aid.  The results state that at the sample’s average value of democracy of 4.6 (in 
a country such as Albania), an increase of one point to 5.6 (the level in a country such as 
Brazil) would increase the probability of receiving aid by nearly 26%.   When examining 
the amount of aid allocated to a recipient country, this variable loses its significance both in 
terms of the country’s share of U.S. aid and aid’s share of the country’s GDP.  This finding 
suggests that the aid paradigm within the U.S. no longer disproportionately favors democ-
racies when looking at the size of the allocations.  In all of the regressions, the political 
rights variable’s positive sign confirms the earlier findings that more democratic countries 
are more likely to receive bilateral U.S. assistance.   

With respect to the economic need variable, the results confirm the hypothesis that 
wealthier countries are less likely to receive bilateral U.S. aid and that their relative share 
of the U.S. aid budget decreases.  The results reveal that a $10,000 increase from the GDP 
per capita of Peru of approximately $4,800 to that of Hungary would decrease the likeli-
hood of receiving aid by nearly 53%.  This same increase in GDP per capita would decrease 
a country’s share of the U.S. aid budget by nearly .23 percentage points, which is signifi-
cant given that the average share of the aid budget per country is .41%.  In the final specifi-
cation examining aid’s share of a country’s GDP, the economic need variable changes sign 
and loses its significance.  Overall, the U.S. aid program does seem to be targeting poorer 
countries as one would suspect.

In large part, more effective governments are less likely to receive U.S. aid contrary 
to what one would expect given the efforts within the aid community to target aid to those 
countries which would be more likely to use it effectively.  The marginal effect of a small 
improvement in the government’s effectiveness such as from Turkey’s level in 2000 (-.06) 
to its 2004 level (.06) would signify a 15% decrease in the probability of receiving U.S. 
bilateral assistance.  Although this variable is statistically insignificant in the other total aid 
regressions measuring the size of aid allocations, its positive sign suggests that countries 
with more effective governments receive larger allocations of aid.  These findings sup-
port the idea that the aid program may actually target those countries which are deemed 
in more need of assistance, while simultaneously rewarding effective governments with 
larger amounts of aid. 

Lastly, the regressions for total aid suggest that U.S. strategic alliances seem to have 
very little effect on bilateral aid allocations, only entering with a relatively small positive 

11 The results for these regressions are listed in the highlighted columns in Table 2.
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effect in the equation measuring aid’s share of a recipient country’s GDP.  The result re-
veals that a 10 point increase in voting coincidence between a recipient country and the 
U.S. would result in a .03 percentage point increase in the following year’s measure of aid’s 
share of the country’s GDP.  In other words, this same increase in voting coincidence for a 
country with the average GDP of $127 billion would see an increase of $38 million in total 
U.S. aid.  The other two regressions signify that the lagged ally measure does not have a 
large effect (neither statistically nor economically) on bilateral U.S. aid allocations.  

Overall, the total aid regressions suggest several important findings.  The most sig-
nificant results are that the measure of democracy only affects which countries receive aid, 
and not the size of the allocation provided.  Similarly, the measure of strategic interests also 
loses a great deal of its explanatory power in contrast to other authors’ findings using Cold 
War data.  The U.S. aid program does tend to favor those countries in most need of sup-
port, both economically and politically, but the more effective governments receive larger 
allocations of aid.
Economic and Military Aid 12

While the results from the total aid regressions provided several interesting insights 
into the modern U.S. bilateral aid allocation system, this section will disaggregate aid to 
test whether there are differences across aid designated for economic versus military as-
sistance.  In general, one would expect that the primary determinant of economic aid allo-
cations would be the measure of economic need.  Conversely, military aid would probably 
be allocated to those countries aligned with the United States both strategically and ideo-
logically as fellow democracies.  Across both types of aid, one would expect to see similar 
findings as in the case for total aid in which less effective governments are more likely to 
receive aid, but the more effective governments receive larger allocations of aid. 

In terms of the regressions calculating the effect of the different independent variables 
on the probability of receiving bilateral U.S. aid, the results seem to confirm the hypothesis 
that there is significant variation when considering economic versus military aid.  First of 
all, the summary statistics suggest that on average 81% of countries receive economic aid 
compared with only 65% receiving military assistance.  With respect to the democracy 
variable, the results are as hypothesized with democracies being more likely to receive 
military aid, but not receiving a disproportionate share of economic assistance.  Another 
distinction that emerges is that less effective governments are on average more likely to 
receive economic aid, but not military aid.  This result suggests that the U.S. is willing to 
support those countries which may need help politically via economic rather than military 
channels.  Some similarities remain constant across type of aid such as poorer countries 
being more likely to receive both and neither one being significantly influenced by strategic 
considerations. 

Now examining the differences across military and economic aid in the regressions 
for a country’s share of U.S. aid allocations, one finds much less variation between the 
types of aid with the primary difference in the magnitudes on the coefficients.  Although 

12 The results for these regressions are listed in Table 2 following their corresponding regression results for 
total aid.
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the relationship is not statistically significant, the democracy variable is positively corre-
lated with a larger share of aid for both economic and military assistance.  The marginal 
effect is nearly twice as large for economic aid with a one point increase on the seven 
point scale increasing a country’s share of the total U.S. bilateral economic aid allocation 
by .04 percentage points.  With respect to the economic need variable, wealthier countries 
are less likely to receive both types of aid with the effect for economic aid being statisti-
cally significant at the 10% confidence level.  As one would expect, both countries that are 
more closely aligned with the United States and those with more effective governments are 
likely to receive larger shares of both types of aid allocations.  Overall, the results show 
that the determinants of a country’s share of the U.S. economic and military aid budgets are 
roughly the same despite their different purposes.

When considering the differences between economic and military aid with respect to 
their shares of a country’s GDP, one observes variation in both the signs and magnitudes of 
the coefficients.  One of the key results is that all of the variables have larger coefficients 
in the economic aid regressions than in their military counterparts.  This in part reflects the 
larger allocations of aid distributed for economic versus military purposes as evidenced by 
their respective average shares of GDP at 1.6% and .1%.  Across both types of aid, those 
countries strategically aligned with the United States in the previous period have a larger 
share of aid with respect to their GDP, with this result being statistically significant at the 
5% confidence level for economic aid.  Although none of the other variables are statisti-
cally significant, the signs on their coefficients vary depending on the type of aid consid-
ered.  Economic aid’s share of a country’s GDP increases in countries which are more 
democratic, wealthier, and have more effective governments.  Meanwhile, military aid’s 
share of a country’s GDP increases in countries which are less democratic, poorer, and less 
effective at governing.  While many of these coefficients suggest allocation patterns which 
contradict my hypotheses, I choose not to analyze these results in detail given the lack of 
statistical certainty.

Overall, disaggregating the results by purpose of aid reveals differences in the allo-
cation processes which are not evident when considering the total aid figures.  The most 
significant results are again evident in the regressions modeling which countries are more 
likely to receive aid.  The results show that different factors are more influential for the 
allocations of particular types of aid.  The main example of this variation is that the level 
of democracy is an important determinant for deciding military aid recipients, but not eco-
nomic ones.  Although the regressions on the size of the allocations produce less significant 
results, the variations in signs and magnitudes on the coefficients again prove that there 
are important differences in the aid allocation process which are specific to the type of aid 
distributed.
High Income Countries 13

This section of the paper introduces a brief sensitivity analysis which examines the 
robustness of the results when high income countries are excluded from the sample.  The 
justification for this exclusion is that most of the countries in the very high income category 

13 The results for these regressions are available in Table 3.
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(defined as those with a per capita GDP greater than $20,000 in 2006) include other donor 
nations which are unlikely to receive any aid from the United States.14   The main concern 
is that the results of the initial approximations may be driven by this particular sub-sample 
given that many of these very high income countries also tend to share other characteristics 
such as high levels of democracy, strong strategic alliances with the United States, and 
highly effective governments.  In general, the exclusion of these very high income coun-
tries barely alters the initial results as previously reported.

A preliminary note is that I choose not to examine the robustness of the probit regres-
sion results given that very little variation remains in the sample when the very high income 
countries are excluded.15   With respect to a country’s share of the total aid budget, the only 
significant change is that the fact that democracies are more likely to receive economic aid 
becomes statistically significant at the 10% confidence level.  All other coefficients main-
tain their initial signs and levels of significance.  This finding is true even when consider-
ing subtypes of aid.  With respect to aid’s share of a country’s GDP, the initial results also 
seem to vary little when excluding the very high income countries across total, economic, 
and military aid.  Although neither the initial regressions nor these censored ones include 
much statistical significance, the correspondence in sign and magnitude on the coefficients 
suggests that the very high income countries are not causing the results to be insignificant.

14  The only country which receives a significant share of aid within this category is Israel whose unique 
relationship with the United States suggests there are particular factors which influence its unusually large 
allocations of aid given its level of development.  The list of included countries classified by income groups 
as defined by the World Bank is available upon request from the author.  
15  Over 95% of the restricted sample receives aid, with nearly 89% and 73% receiving economic and military 
aid respectively.  

Table 3: Robustness Checks for High Income Countries
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Large Aid Recipients 16

This section includes a short sensitivity analysis which tests the robustness of the 
above results to the exclusion of any large aid recipient countries whose particular char-
acteristics may be skewing the results.  During this time period, three countries, namely 
Egypt, Israel, and Iraq, each received more than 10% of total U.S. aid allocations.17   All 
three of these countries could be defined as special cases whose aid allocations are deter-
mined beyond the normal model of aid distribution.  Thus, these few extreme observations 
could be masking the real trends which the United States has used during the past ten years 
in its policies on bilateral aid allocations.  In these regressions, I again exclude the very 
high income countries given that they are not significant recipients of aid (with the excep-
tion of Israel).

Unlike the previous sensitivity analysis, the results for these censored regressions 
suggest that particular characteristics of the large aid recipients may be driving the initial 
results.  In the share of the U.S. aid allocation regressions, the measure of strategic interests 
becomes negative and statistically significant at the 10% confidence level for military aid.  
Although it remains statistically insignificant, the measure of democracy changes sign for 
military aid revealing that less democratic countries receive a larger share of the U.S. mili-
tary aid allocation.  While these findings negate my initial hypotheses, they suggest that the 
United States may use military aid as a soft power tool to more closely align themselves 
with those countries which are currently opposed to their interests.  The other important 
variation in these censored regressions is that the measures of economic need lose their 

Table 4: Robustness Checks for Large Aid Recipients

16  The results for these regressions are available in Table 4.
17  I use this figure as a benchmark for large aid recipients given that these particular countries are receiving 
more bilateral U.S. aid than the aggregates for entire world regions. The graphical representations of aid 
receipts by geographical region are available upon request from the author.
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statistical significance, but retain their initial signs showing that poorer countries continue 
to receive larger shares of aid allocations.  As in the previous test for robustness to the ex-
clusion of very high income countries, the regressions for aid’s share of a country’s GDP 
vary very little when excluding large recipient countries.  This finding again shows that 
the particular characteristics of these countries are not the factor driving the initial results.

VI.  Conclusion

 In testing the relative effect of democracy on the allocations of different forms of 
bilateral U.S. aid, the main result which I highlight in this paper is that the level of democ-
racy remains an important determinant of the likelihood that a country receives aid.  As 
opposed to the findings using Cold War data, neither the level of democracy nor a country’s 
strategic alliance with the United States affects the size of aid allocated to the country.  
Now the United States tends to allocate larger shares of aid to poorer countries and more 
effective governments.  As hypothesized, there are differences in the aid allocation process 
when examining the specific purposes of aid.  The most prominent result is that the level of 
democracy is an important determinant of the probability that a country receives military 
aid, but not economic aid.  In general, the results of this work support the argument that the 
U.S. bilateral aid allocation program is reaching the countries we would expect to receive 
particular types of aid.  

While offering several important insights into which factors are no longer important 
for determining the size of the allocation made, the model does not show which indepen-
dent variables are now influencing this decision in the post-Cold War era.  One possible 
problem with the model’s specification is that there may be omitted variables which are 
correlated with both the independent and dependent variables.  These potential weaknesses 
in the paper reflect the larger problem that exists in attempting to model the process of 
bilateral aid allocations in which many different factors can influence the final decision.  
Admittedly, many of these decisions are the result of specific character traits and the prefer-
ences of those who administer the U.S. aid program.  While I recognize that variables such 
as these could be extremely influential in determining the allocations of bilateral aid, I also 
argue that they are extremely difficult to quantify.  While the model I use does not explain 
every facet of the current aid allocation program, it at least reveals that the process is more 
complicated than in earlier generations.

In looking towards areas for further research on the topic of aid, I would like to test 
the effect of control variables such as the population size of a country and the amount of 
foreign assistance from non-U.S. sources on the model.  I also believe it would be interest-
ing to examine whether the results of the model are consistent across subsets of countries 
based on geographic region.  I think that it would also be interesting to collect data from 
both before and after 1990 to test whether a change in the aid paradigm coincided with the 
end of the Cold War or whether this was an independent trend that has developed.  Beyond 
the allocation of bilateral U.S. assistance, there are also numerous opportunities for further 
research concerning the effectiveness of aid, especially considering its different purposes.   



THE RELATIVE EFFECT OF DEMOCRACY WITHIN RECIPIENT COUNTRIES
ON ALLOCATIONS OF DIFFERENT FORMS OF BILATERAL U.S. ASSISTANCE

112

References

Alesina, Alberto F. and Dollar, David. "Who Gives Foreign Aid to Whom and Why?" (June 1998). 
NBER Working Paper No. W6612.

Barro, Robert J. "Democracy And Growth," Journal of Economic Growth (1996) vol. 1(1): 1-27.

Boone, Peter. “Politics and the Effectiveness of Foreign Aid,” European Economic Review (1996), 
vol. 40 (2):  289-329.

Burnside, Craig and David Dollar. “Aid, Policies, and Growth.”  The American Economic Review 
(2000), Vol. 94 (3): 781-784. 

Dudley, L. and C. Montmarquette. “A model of the supply of bilateral foreign aid.” American Eco-
nomic Review (1976), vol. 66: 132-142.

Lancaster, Carol. Foreign Aid: Diplomacy, Development, Domestic Politics. Chicago: University 
of Chicago Press, 2007. 

Olofsgard, Anders and Anne Boschini. "Foreign Aid: An Instrument for Fighting Communism?" 
Journal of Development Studies (2007), 622-648.

Ruttan, Vernon. United States Development Assistance Policy: the domestic politics of foreign 
economic aid.  Baltimore: Johns Hopkins University Press, 1996.

Svensson, Jakob. “Aid, Growth and Democracy”, Economics & Politics (1999) vol. 11(3): 275-
297.

Trumbull, William N. and Howard J. Wall. “Estimating Aid-Allocation Criteria with Panel Data,” 
Economic Journal (1994), vol. 104(425):  876-882.



CARROLL ROUND PROCEEDINGS, VOLUME IV (2009) PAGES 113 - 122

The eFFeCT oF The MulTi-Fiber 
aGreeMenT on banGladeshi 

GarMenT labor

Saurabh Pant
New York University

The Multi-Fiber Agreement (MFA) came into effect in 1974 and resulted 
in the industrialized nations imposing quota restraints on the developing 
countries’ exports of textiles and clothing products. Bangladesh’s garment 
industry grew out of the MFA, where exports of garments rose from US$31 
Million in 1983 to US$7900 Million in 2005. Foreign investors were attracted 
to Bangladesh’s abundant supply of cheap labor, and preferential treatment 
within the MFA. However, at the end of the Uruguay Round of trade talks, 
the Multi Fiber Agreement turned into the Agreement on Textiles and 
Clothing (ATC). The ATC called for the phasing out and an eventual end of 
the previous stated quota restraints by 2005. The Financial Times considered 
Bangladesh’s garment industry to be less competitive than China’s garment 
industry, which led to the prediction that China would be the “winner” 
after 2005. The garment industry is the single largest source of formal 
employment in Bangladesh and the growth of the garment industry has been 
significant to the goal of reducing poverty in Bangladesh. Therefore, the 
future of the Bangladeshi garment industry is significant to the future of the 
Bangladeshi economy. My objective is to examine the extent of the impact 
of the multi-fiber agreement on the Bangladeshi garment labor. This paper 
explores how the phasing out of the MFA quotas affected the Bangladeshi 
garment labor by looking at how the value of Bangladesh’s garment exports 
changed during key years when the MFA structure changed. I find that the 
phasing out of the MFA quotas had no significant impact on the value of 
Bangladeshi garment exports. I conclude by stating that even though these 
results are promising for Bangladesh, it has only been a few years after the 
expiration of the MFA quotas and the garment industry still has significant 
constraints that need to be addressed.

ABSTRACT
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I. Introduction

The Multi-Fiber Agreement (MFA hereafter) was set up from 1974 to 2005. This 
agreement resulted in a set of Voluntary Export Restraints (VER hereafter) being imposed 
on developing countries. Basically, the United States, the European Union and other 
industrialized nations forced developing countries to use export quotas on textiles and 
clothing products. According to Thomas A. Pugel (2004), industrialized countries used this 
form of protectionism in order to protect their import-competing firms who wanted time 
to adjust to the rising foreign competition. The developing country China, which was one 
of the big textiles and clothing exporters at the time, was adversely affected by this MFA 
arrangement. China could not export as many textiles and clothing products as it wanted. 
However, according to a 2007 IMF report, Bangladesh’s garment industry grew out of the 
quota system associated with the multi-fiber agreement.

Bangladesh’s garment industry benefited from the MFA for several reasons. According 
to Dwight H. Perkins (2006), when a developing country like China filled up its export 
quotas, foreign investors had to look elsewhere to locate production facilities in order to 
export more textiles and clothing products to the industrialized countries. The production 
side of the garment industry requires relatively unskilled labor and Bangladesh had an 
abundant supply of low-cost and unskilled labor. Montfort Mlachila and Yongzheng Yang 
(2004) also state how Bangladesh benefited from preferential trade treatment within the 
MFA. In the US, in 2001-02, Bangladesh faced quotas in 30 categories of products while 
China faced quotas in 90 categories of products. Furthermore, in the EU, Bangladesh 
benefited from being part of the Everything But Arms Initiative. This initiative came 
into effect in 2001, and allowed the least developed countries in the world to export their 
products to the EU market with duty-free and quota-free access. Bangladesh was one of 
these countries, while China was not.

The garment industry in Bangladesh has grown immensely since it was first set up. 
According to the Bangladesh Garment Manufacturers and Exporters Association, garments 
made up about 4% of Bangladesh’s total exports in 1983. However, by 2003, garments 
made up about 75% of Bangladesh’s total exports. Also, in 1983, garment exports were 
valued at US$31.57 million, and in 2003, garment exports were valued at US$5,686.09 
million. In addition, the 2007 IMF report stated that the garment industry is the single 
largest source of formal employment in Bangladesh. Kabeer and Mahud (2004) noted that 
the garment industry employs about 1.8 million workers.

After the Uruguay round of international trade negotiations ended in 1994, the MFA 
evolved into the Agreement on Textile and Clothing (ATC hereafter). This new agreement 
called for the phasing out and elimination of the MFA quotas by 2005. Between 1995 
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and 2005, the four “phase-out” periods were 1995, 1998, 2002 and 2005. On January 1st 
of each of these phase-out periods, the MFA structure was changed in accordance with 
the Agreement on Textiles and Clothing. There are two mechanisms at work during each 
phase-out period. The first mechanism dealt with eliminating a percentage of the quotas, 
and the second mechanism dealt with increasing the growth rate of the remaining quotas. 
Perkins (2006) states that a country like China, that had fully used its quotas during the MFA 
period, would benefit from the end of the quota restrictions. Predictions were made (prior 
to 2005) regarding who would be the winners and losers after 2005. Guy de Jonquières 
(2004) said China would be the biggest winner while Bangladesh would be vulnerable to 
global competition. China had an efficient, large-scale production and low costs that would 
give it a decisive advantage.

My objective is to examine the extent of the impact of the multi-fiber agreement on the 
Bangladeshi garment labor. This paper explores how the phasing out of the MFA quotas, 
during the phase-out periods, affected the Bangladeshi garment labor. This paper uses a 
gravity model to see if the levels of Bangladesh’s garment exports changed significantly 
during the key years when the MFA quota structure was being changed in accordance 
with the Agreement on Textiles and Clothing. If total garments exports decreased then it 
is reasonable to assume that the amount of garment labor required would also decrease, 
because if you are exporting less, then you need less labor. 

This topic is important to the field because in the previous literature that I have 
reviewed, there have been no economic models created to examine how the phasing out 
of the MFA quotas during the phase-out periods affected the Bangladeshi garment labor. 
Furthermore, this topic is important to the Bangladeshi economy. Kabeer and Mahud (2004) 
note that the Bangladeshi poverty levels have declined from over 70% in the 1970s to 40% 
in 2000. Although Kabeer and Mahud (2004) do not mention the percentage of garment 
workers affected by this decline in poverty, they still suggest that the increase in paid work, 
which the garment industry provided, had been significant to the goal of reducing poverty. 
Therefore if a lot of garment workers lose their jobs because of the dismantling of the 
MFA, then the level of poverty in Bangladesh could increase after 2005. 

The paper is organized as follows. Section II will provide a literature review which 
will help the reader understand the background and inspiration for my model. Section II 
will also provide my predictions for the model. In Section III, the results of the model 
will be presented as well as an interpretation of the results. Section IV concludes with a 
synopsis of my results, and  a prognosis for the Bangladeshi garment industry 

II. Literature Review

Model
Mlachila and Yang (2004) detail the constraints that could affect Bangladesh’s garment 

exports competitiveness after 2005. Even though the unit labor costs of the Bangladeshi 
garment workers are low, the productivity of this labor force is also low and stagnant. Unit 
labor costs are 30 to 40 percent lower in Bangladesh than in China, but labor productivity, 
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as measured by value added per worker, is also lower. According to Mlachila and Yang 
(2004), in Bangladesh the value added per employee annually was US$900 (1997), while 
in China it was US$5,000 (2001). Mlachila and Yang (2004) state that this lower labor 
productivity is due to supply constraints that hinder the competitiveness of the Bangladeshi 
garment industry. Defective and insufficient infrastructure, such as the poorly functioning 
Chittagong port and the inferior telecommunications networks, would prove to be critical 
constraints on an export-oriented garment industry. Foreign direct investment (FDI) in the 
garment sector was severely restricted to protect local producers who were competing for 
quota allocation during the MFA era. Foreign direct investment can bring improved skills 
and better technology that could have benefited Bangladesh’s competitive position. There 
is also relatively weak backward linkage between Bangladesh’s garment industry and 
Bangladesh’s textile industry. A 2007 IMF report stated that Bangladesh had put restrictions 
on the imports of inputs for garments which would adversely affect the backward linkage. 
These restrictions were designed to protect the Bangladesh textile industry. The more 
efficiently the garment industry can obtain inputs, the shorter the lead time for Bangladeshi 
garment exports. 

I propose the following gravity model to examine the effect of the phasing out of the 
MFA quotas on Bangladesh’s garment labor:

LN(1+Exportsi) =  β0 + β1LN(Yi) + β2LN(Disti) + ∂31990 + ∂41991 + ∂51992  ∂61993  
+ ∂71994 + ∂81995  + ∂91996 + ∂101997 + ∂111998 + ∂121999 + ∂132000 
+ ∂142001 + ∂152002 + ∂162003 + ∂172004 + ∂182005 + ∂192006 
+ ∂20y95*MFAEU +  ∂21y98*MFAEU +  ∂22y02*MFAEU 
+  ∂23y05*MFAEU + β24MFAEU +  ∂25y95*MFAUSA +  ∂26y98*MFAUSA 
+  ∂27y02*MFAUSA +  ∂28y05*MFAUSA +  β29MFAUSA 
+  ∂30y95*MFAOTHER +  ∂31y98*MFAOTHER +  ∂32y02*MFAOTHER 
+  ∂33y05*MFAOTHER + β34MFAOTHER +  ε

Exportsi is the value of Bangladeshi garment exports (in US$) to a country i. Yi is the 
GDP (in constant 2000 US$) of country i that is importing Bangladesh’s garments. Disti 
is a measure of distance (in kilometers) between country i and Bangladesh. There are then 
seventeen dummy year variables from 1990 to 2006. According to Ilan Alon (2003), the 
United States, the European Union (EU), Canada, Norway, Japan and Switzerland are the 
developed country participants in the Multi-Fiber Agreement. MFAEU is a dummy variable 
indicating if the country i is part of the EU, MFAUSA is a dummy variable indicating if the 
country i is the United States of America, and MFAOTHER is a dummy variable indicating 
if country i is one of the other four developed country participants in the MFA.  I then 
interacted each of these MFA dummy variables with the years 1995, 1998, 2002, and 2005. 
As stated before, these are the four phase-out periods where a significant change occurred 
in the MFA quota structure. These interaction variables are the variables of interest in this 
paper. I predict that there will be significant negative coefficients on these variables of 
interest, and thus the phasing out of the MFA quotas during the phase out periods will have 
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an adverse impact on the value of Bangladeshi garment exports. Therefore, the phasing out 
of the MFA quotas during the phase out periods will also have an adverse impact on the 
Bangladeshi garment labor. 

There is evidence from the third phase out period which supports the prediction of 
negative coefficients on the variables of interest. During the Phase III process of the ATC 
in 2002, 18% of the MFA quotas were eliminated and the growth rate of the remaining 
quotas increased by 27%. However, Mlachila and Yang (2004) state that while Chinese 
exports surged from 2001 to 2003, Bangladeshi exports of products that fell under Phase 
III integration fell by 46% (in value terms) in the EU market and 41% in the U.S. market. 

 According to Hiau Looi Kee and Kala Krishna (2007), different rules of origin 
specifications between the EU and US have influenced the type of garment exports to each 
of these countries. Bangladeshi garment exports can be broken up into knit or crochet 
garments and woven (not knit/crochet) garments. When the Everything But Arms (EBA) 
initiative came into effect in 2001, Bangladesh’s exports enjoyed duty-free and quota-free 
access to the EU but these exports had to comply with the rules of origin. The garment had 
to start its local manufacturing process from yarn and therefore the use of imported yarn 
was prohibited. Kee and Krishna (2007) state that in the United States there were tariffs of 
about 20%, and quota restrictions but the use of imported yarn was allowed as long as the 
garment was made in Bangladesh.  According to Kee and Krishna (2007), the knit/crochet 
garment firms could easily manufacture their garments from the domestic yarn. However 
the woven (not knit/crochet) garment firms need to use domestic cloth, which commands 
a premium price, and thus, for woven garments, the EBA rules of origin raises costs by 
almost as much as the United States tariff. As a result, Kee and Krishna (2007) state that the 
EU effective trade policy is slightly less restrictive than that of the US in woven garments, 
but is much less restrictive in non woven garments. Therefore, Bangladesh might export 
more knit/crochet garments to the EU than the United States. 

These differences in the rules of origin could have different implications for which 
type of Bangladeshi garment export goes to which country. This is the reason why I decided 
to break up the MFA importers into the three groups (EU, USA and Other), instead of using 
a single MFA variable to encompass all these developed countries. 

I used STATA10 for the regression of my model. I split up garment exports into two 
categories according to UN COMTRADE:

61: Name: Articles of apparel, accessories, knit or crochet
       Description: Art of apparel & clothing access, knitted or crocheted.

62: Name: Articles of apparel, accessories, not knit or crochet (woven)
      Description: Art of apparel & clothing access, not knitted/crocheted (woven)

I did the regression separately for each garment category. I obtained the data for value 
of Bangladeshi garment exports from UN COMTRADE using the HS 92 classification. 
For the years from 1989-1998 and 2000-2004, I looked at the garment export data that 
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Bangladesh reported. However, for the years 1999, 2005, and 2006, I had to look at the 
garment import data that other countries reported. If a country was listed as importing 
Bangladeshi garments in one year, but did not appear in the following year, then I assumed 
that the value of Bangladeshi exports to that country in that absent year was $0. I obtained 
the distances between Bangladesh and the various countries using a dataset from the Centre 
d’Etudes Prospectives et d’Informations Internationales (CEPII).  According to the CEPII 
website, the distances are calculated following the great circle formula, which uses latitudes 
and longitudes of the most important city (in terms of population) or of the official capital. 
I obtained the GDP figures from the World Development Indicators (WDI) from the World 
Bank website. 

Countries have changed between the years 1989 to 2006, such as the break up of the 
USSR into other sovereign nations. Furthermore, the WDI does not give GDP for some 
years for some countries. Therefore, the collected data used for this model is an unbalanced 
panel. 
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III.  Results and Analysis

61: Name: Articles of apparel, accessories, knit or crochet
     Description: Art of apparel & clothing access, knitted or crocheted
The coefficients on the variables of interest are positive when the years 1995 and 1998 

are interacted with the MFA groups, but are negative when the year 2002 and 2005 are 
interacted with the MFA groups. However, none of the coefficients on the variables of interest 
are significant at a suitable level; in fact the majority of the t-statistics are considerably 
low. Therefore, the phasing out of the MFA quotas during the phase-out periods does not 
seem to have any significant impact on the value of the knit/crochet garment exports. My 
previous prediction of significantly negative coefficients is not supported at all by these 
results.

62: Name: Articles of apparel, accessories, not knit or crochet (woven)
      Description: Art of apparel & clothing access, not knitted/crocheted (woven)
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The coefficients on the variables of interest are positive when the year 1995 is 
interacted with the MFA countries. The coefficient is also positive when the year 1998 is 
interacted with the EU, but the coefficients are negative when the year 1998 is interacted 
with the USA and when the year 1998 is interacted with the other MFA participants. The 
coefficients are negative when the years 2002 and 2005 are interacted with the MFA 
countries.   However, similar to the other STATA regression, none of the coefficients on the 
variables of interest are significant; in fact the majority of the t-statistics are considerably 
low. Therefore, the phasing out of the MFA quotas during the phase-out periods does not 
seem to have any significant impact on the value of the woven (not knit/crochet) garment 
exports. My previous prediction of significantly negative coefficients is not supported at 
all by these results. 

Why the Coefficients on the Variables of Interest are Not Negatively Significant
My prediction of significant negative coefficients on the variables of interest is not 

substantiated as the STATA regressions have shown that the coefficients are not statistically 
significant. The phasing out of the MFA quotas during the phase-out periods does not seem 
to result in any effect on the value of garment exports.  Therefore, the phasing out of the 
MFA quotas during the phase-out periods should not have any impact on the Bangladeshi 
garment labor. Given the concerns that were expressed about how the removal of the 
MFA quotas will affect the Bangladeshi garment industry, the results are surprising and 
promising.

However, there are valid reasons that could explain why the results of my model do 
not match my predictions. The Bangladesh garment industry seemed to have preferential 
treatment during the phase-out periods. During each phase-out period, a percentage of 
quotas were eliminated and there was an increase in the growth rate of the remaining 
quotas. However, these growth rates of the MFA quotas were not uniform across countries. 
According to Mlachila and Yang (2004), Bangladesh was allowed an average annual growth 
rate of 12.9 % for its U.S. base quotas, which was 60% higher than the average annual 
growth rate of US base quotas for its main competitors. Furthermore, in the EU market, 
Bangladesh benefited from being part of the Everything But Arms initiative which came 
into effect in 2001 and allowed Bangladesh’s garment exports into the EU with duty-free 
and quota-free access. China, one of Bangladesh’s main garment exporting competitors, 
was not part of this initiative. These trade advantages could explain why the coefficients on 
the variables of interest are not negative. 

On the other hand, the Bangladesh garment industry might have just been able to 
remain competitive even though the MFA quotas were being phased out. Bangladesh has 
a labor cost advantage over its competitors. The 2007 IMF report states that even after 
adjustment is made for productivity differences across countries, Bangladesh’s garment 
industry holds a significant per unit labor cost advantage. Therefore, the coefficients on the 
variables of interest might not be negative because of this advantage.

Furthermore, according to Mlachila and Yang (2004), the garment industry in 
Bangladesh enjoyed some privileges that were in place to mitigate the effect of other 
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industry constraints (low labor productivity, poor infrastructure, and so forth). These 
arrangements range from reduced income tax rates to cash incentives. However, Mlachila 
and Yang (2004) assert that the overall effect of these arrangements is rather difficult to 
gauge. Therefore, it is uncertain how significant these privileges were to the garment 
industry during the phasing out of the MFA quotas.

Finally, the structure of the garment industry has changed. This change in structure 
might have helped keep the garment industry growing. The 2007 IMF report suggests 
that the overall export figures mask a significant structural change in the garment industry 
that is the result of a rapid increase in the production and export of knit/crochet garments. 
The structure of the garment industry has changed to accommodate the rules of origin 
requirements that are associated with such trade policies as the Everything But Arms 
initiative. This ability to accommodate might have helped the Bangladeshi garment industry 
to not be adversely affected by the phasing out of the MFA quotas.

IV.  Conclusion

This paper attempted to examine the extent of the impact of the multi-fiber agreement 
on the Bangladeshi garment labor. I, along with many others, made the prediction that the 
phasing out of the MFA quotas during the phase-out periods, would adversely affect the 
Bangladeshi garment industry. However, the results of my model were surprising as the 
phasing out of the MFA quotas during the phase-out periods seemed to have no significant 
effect on the value of Bangladeshi garment exports, and therefore no significant effect on 
the garment labor. 

The model results are promising for the Bangladeshi garment industry. The results 
suggest that the Bangladeshi garment industry has been able to stay competitive against 
the Chinese garment industry. However, Bangladesh has not been on a level playing field 
with its main competitors during the phase-out periods (as mentioned before) and even 
after 2004. For example, according to the 2007 IMF report, since the MFA ended, new 
safeguard measures are being imposed on China by the EU and US which probably allows 
Bangladesh to maintain a larger portion of the market. The 2007 IMF report also points out 
ominous evidence from Canada. Canada has not imposed safeguard measures on China 
since the expiration of the ATC, and Bangladesh’s share of the overall Canadian market has 
declined. Furthermore, Bangladesh benefits from duty-free and quota-free access to the EU 
market under agreements such as the Everything But Arms initiative while China has faced 
these new safeguard measures.

If China and Bangladesh were on a level playing field, the Bangladeshi garment 
industry might not perform as well as it has done so far. The Bangladeshi garment workers 
have low labor productivity and there is still poor infrastructure such as the poorly 
functioning Chittagong port. According to the 2007 IMF report, these two factors are the 
major constraints of the Bangladeshi garment industry. Therefore, the 2007 IMF report 
states that even if Bangladesh’s main competitors move up the value-added chain in garment 
production or even out of garment production completely, the labor force constraint will 
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make it difficult for the Bangladeshi garment industry to capture more market share in the 
low-end to medium garment market and will prevent the industry from easily moving up 
the value added ladder. 

Bangladesh is considered one of the least developed countries in the world, and the 
levels of poverty in Bangladesh have decreased from the 1970’s to now. The growth of 
the garment industry has been significant to that reduction in poverty. The Bangladeshi 
garment industry has performed well during the phase-out periods and has performed 
well after 2004. However, Bangladesh and China are still not on a level playing field. If 
the Chinese and Bangladeshi garment industries were ever put on a level playing field, 
then the Bangladeshi garment industry would need to deal with constraints that affect its 
competitiveness. Thus, in order for the Bangladeshi garment industry to grow, to foster 
economic development, and to remain competitive against the Chinese garment industry, 
it is critical that Bangladesh employs policies to increase labor productivity and improve 
infrastructure.
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I. Introduction

Foreign direct investment (FDI) is defined as financial transactions from one country 
to another such that host country investors own ten or more percent of the controlling shares 
of the foreign enterprise. This method of capital transfer is promoted by the World Bank 
and many other international organizations as a crucial tool for sustained development in 
low wealth, labor-intensive countries where local sources of capital are limited. Despite 
this, the bulk of all FDI is concentrated in industrialized countries. What factors are 
discouraging multinationals from investing in developing countries where the potential 

The World Bank and many other international organizations promote 
foreign direct investment (FDI) as a crucial tool for sustained development 
in low wealth, labor-intensive countries where local sources of capital are 
limited. Despite this, the bulk of all international investment is concentrated 
in industrialized countries. This paper examines corruption and risk as two 
possible factors that discourage capital flows into developing countries 
where the potential returns are greatest. There are two key findings. First, an 
increase in the tax rate faced by multinational corporations or a rise in the 
corruption level of a host country reduces FDI inflows. These Wei outcomes 
remain consistent using up-to-date bilateral investment data. Second, after 
taking corruption into account, international investors actually prefer to 
invest in countries where the financial or sovereign risk is high. Presumably, 
by doing so they are able to maximize their potential profits. These results 
indicate that host governments should focus their policies on lowering 
corruption, not risk, in order to increase inward FDI. 
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returns are highest? This paper examines two possible elements – risk and corruption. 
Economic, financial, and sovereign risks in a host country generate uncertainty with 

regards to the potential returns of any sort of investment. Economic risk refers to instability 
of a country’s macroeconomic infrastructure or growth rate, which may lead to sudden 
changes in an investor’s expected returns. A country’s financial risk is indicative of the 
possibility that its central bank will default on its debt obligations. This measure can be 
used as a proxy for the financial health of various institutions in the host country. Sovereign 
risk, perhaps most relevant to international investors, is the risk that assets held in a foreign 
country will be expropriated. Due to the long term and illiquid nature of FDI, such ventures 
should be especially sensitive to all three types of host risk. However, if these enterprises 
are successful, such risky undertakings are very lucrative. For these reasons, the effect of 
the various categories of risk on international direct investment is not immediately obvious.

On the other hand, a logical assumption is that foreign investors choose to steer clear of 
countries in which corruption is high. The existence of host nation corruption, a component 
of political risk, heightens costs directly through necessary bribe payments and indirectly 
due to the resulting market inefficiency. Yet corruption does not seem to hinder investment 
in absolute terms. For example, China is the largest developing recipient of FDI inflows 
despite its high perceived level of corruption. This paradox is also seen in Brazil.

Most of the historical research on the impact of uncertainty on FDI inflows uses 
aggregate measures of country risk. The majority of these studies has found that high levels 
of risk discourage FDI inflows. However, others failed to ascertain a conclusive association 
between host uncertainty and investment. For example, Bevan and Estrin (2004) discovered 
that host country risk is not a significant determinant of FDI inflows when looking at 
European transition economies. The few studies that examine defined categories of risk 
generally concentrate on either sovereign or political risk. Much of the empirical work 
relating to sovereign risk has concluded that the risk of expropriation reduces capital flows 
from the industrialized nations to developing countries. No past study has ever attempted to 
evaluate the differential effects of a variety of country risk measures on investment inflows. 

Due to the inconclusive nature of historical research, this paper uses recent bilateral 
FDI and corruption data to test the robustness of the Wei (2000a) double-log specification. 
Risk measures are also added to the model to further evaluate the effects of host country 
corruption and the various types of uncertainty on international direct investment. 

II. Data

The dependent variable examined is bilateral FDI flows from the twelve source 
countries to the forty-five host countries specified in Wei (2000a). The source countries 
include seven of the leading economies of the world – the United States, Japan, Germany, 
the United Kingdom, France, Italy, and Canada. The host countries consist of the twelve 
source countries and thirty-three others of varying levels of economic development. The 
data are from the OECD International Direct Investment Database, in which FDI inflows 
and outflows as well as inward and outward positions are reported by OECD members. 



MONICA YU 125

The tax rate measure is the average 2000 effective tax rate faced by foreign subsidiaries 
of U.S. corporations. Due to limited data availability, it is necessary to make the heroic 
assumption that the host countries’ tax rate on foreign firms is not significantly different in 
the other years studied. 

The two measures of corruption used are both based on surveys of businessmen and 
country analysts. The first comes from Transparency International (TI), a “global coalition 
against corruption.” TI’s annual Corruption Perceptions Index (CPI) is a rolling, composite 
index of over fifteen surveys from a number of independent institutions compiled over the 
two year span prior to each release. The CPI measures the “degree to which corruption 
is perceived to exist among public officials and politicians” and is reported on a scale 
of 1 (most corrupt) to 10 (least corrupt). The second measure is from the PRS Group’s 
International Country Risk Guide, which takes financial corruption – “demands for special 
payments and bribes connected with import and export licenses, exchange controls, tax 
assessments, police protection, or loans” – as well as corruption in the form of “excessive 
patronage, nepotism, job reservations, ‘favor-for-favors’, special party funding, and 
suspiciously close ties between politics and business” into account. The data is on a 0-6 
scale in which a higher rating is indicative of a lower level of corruption. In addition 
to these two variables, Wei (2000a) included 1980-1983 surveys conducted by Business 
International (BI) as a corruption measure. 

Following Wei (2000a)’s example, the TI and ICRG corruption variables are recoded 
so that a high value indicates a high level of corruption. This change is made to avoid 
difficulties in interpreting the coefficients. The recoding is done by creating a new TI index 
which equals 11 minus the original TI index and a new ICRG index which equals 7 minus 
the original ICRG index. 

A variety of host country risk measures are compiled. The Economic and Financial 
Risk Ratings come from the ICRG. Both of these risk indices range from 0 (very high 
risk) to 50 (very low risk). The Economic Risk Rating is calculated through an assessment 
of a country’s economic strengths and weaknesses. Risk points are assigned to a set of 
macroeconomic risk components, including GDP growth, inflation, and the current account 
balance. These values are compared to accepted ratios and each of these comparisons is 
averaged and weighed to form the index. The Financial Risk Rating measures a “country’s 
ability to finance its official, commercial, and trade debt obligations.” Financial risk is 
calculated in the same manner as economic risk using financial risk components such as 
foreign debt as a percentage of GDP, international liquidity, and exchange rate stability. 
The ICRG risk variables are recoded so that a high value is associated with a higher level 
of risk using the same method as the corruption indices to facilitate the interpretation of the 
regression coefficients.

The political stability variable also comes from the aforementioned source. It is an 
assessment of the “government’s ability to carry out its declared program(s) and its ability to 
stay in office.” The risk rating focuses on three components – government unity, legislative 
support, and popular support – and ranges from 0 (very unstable) to 12 (very stable). 

The two proxies for sovereign risk are from Fitch Ratings and Standards & Poor’s 
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(S&P). Both rating agencies use in-house expertise to provide public ratings on sovereign 
governments and their international debt issues. The long term credit ratings of both firms 
are set on a scale from AAA to D. Intermediate ratings (i.e. AA+, AA, AA-) are offered for 
a more detailed perspective. Both Fitch and S&P consider issuances with a rating of BBB 
or higher to be Investment Grade or low risk investments. To make them more tractable, 
these letter ratings are converted into integer values on a 1-34 scale in which 1 corresponds 
to AAA while 34 corresponds to D. For S&P measure, there is one instance in which 
a country is classified as SD indicating that it has selectively defaulted on some of its 
obligations. This country is rated at an integer value of 35.

The summary statistics of some of the key measures are displayed in Table 1. The 
correlation matrix between the tax rate, corruption, and risk variables is reported in Table 
2. The TI and ICRG corruption measures are very correlated with each other. Significant 
correlation is also found amongst the various risk variables. As expected, there is an 
especially close association between the Fitch and S&P sovereign risk ratings. What is 
curious is the fact that the two indicators of corruption are also highly correlated with all of 
the risk measures with the exception of the ICRG financial risk variable. This observation 
indicates that host countries with high levels of perceived corruption are also high risk 
environments for foreign investment. 

III. Statistical Estimation

A double-log linear model is estimated using the ordinary least squares (OLS) method 
with correction for heteroskedasticity. In this specification, bilateral FDI is a function of 
a vector of control variables, the tax rate, a corruption measure, a risk factor, and several 
source dummies:

log(FDIij) = βXij + γ1taxratej + γ2corruptj + γ3riskj + δsourcei + eij

Here, the dependent variable is the logarithm of 2003 bilateral FDI flows from source 
country i to host country j. Taxrate j and corruptj represent the host country’s tax rate on 
multinational firms and corruption rating, respectively. Riskj, an addition to Wei (2000a)’s 
original model, denote the host country’s risk level. X is a vector of control variables that 
are important to the determination of bilateral FDI. Since most of these controls, such as 
the size of the host country measured by its GDP and population, are in logarithmic form, 
Wei (2000a) referred to this model as a double-log linear specification. He claimed that the 
“logarithmic transformation of the left-hand-side and many right-hand-side variables help 
to make the error term, eij, (close to) homoskedastic.”

Following Wei(2000a)’s example, the model also includes seven source dummy 
variables representing the seven countries with the highest levels of outward FDI (the 
U.S., Japan, Germany, France, the U.K., Canada, and Italy). The source dummies are used 
to control for all source country characteristics, such as its level of economic development, 
which may affect the size of its FDI outflows. Wei (2000a) suggested that the use of these 
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dummies may also control for differences in the definition of FDI across source countries. 
Host country dummies are not included in this model as their inclusion would make it 
impossible to observe the impact of the determinants of interest – corruption and risk. 
Update of the Wei Model

The results of the basic OLS regression of the original Wei (2000a) model (excluding 
the risk measure) are shown in Column 1 of Table 3. The TI index is used as the measure 
for corruption. The control variables included are the logarithms of host country GDP, the 
logarithm of the distance between the source and host country, and a linguistic dummy which 
equals one if the two countries share a common language. The coefficient on the tax rate is 
negative and statistically significant at the 5% level. A one percent increase in the marginal 
tax rate reduces inward FDI by 3.2%. Similar to the result in Wei (2000a), the coefficient 
on the corruption measure is negative and significant at the 5% confidence interval. This 
outcome is also very economically important as a one unit increase in the host corruption 
rating corresponds to a 13.9 % decrease in FDI flows. This negative effect on investment 
is comparable to a 4.6 percentage point increase in the marginal tax rate. Perhaps a more 
intuitive comparison is that of Singapore (TI measure = 1.6) and Turkey (TI measure = 
7.9). Deterioration of a host country’s perceived corruption level from that of Singapore to 
that of Turkey has the same averse effect on international investment as a 29.2 percentage 
point increase in the tax rate faced by multinational firms. Interestingly, magnitude of the 
corruption impact is smaller in the updated model relative to Wei (2000a)’s results. This 
observation suggests that investors today place less of a penalty on host corruption than on 
those from the previous decade. 
Economic Risk and Corruption

To test the joint effects of economic risk and corruption on inward FDI, both 
measures are included in the specification. As seen in Column 2 of Table 3, the negative 
and significant impact of perceived host corruption levels on international investment is 
preserved. However, there is no significant association between the recipient’s economic 
risk rating and the amount of FDI inflows it receives. This outcome suggests that the 
negative effect reported previously is likely to be due to the correlation between economic 
risk and corruption. After factoring in host corruption, investors ignore economic risk in 
their FDI location decisions. It is important to note that the sign and significance of the 
coefficients on other terms remain unchanged in this model. 
Financial Risk and Corruption

Next, the ICRG financial risk measure is added the Wei (2000a)’s basic double-log 
model to examine the combined effects of corruption and financial risk in a host country 
on its stream of foreign investment. The results are shown in Column 3 of Table 3. Once 
again, the coefficients of the tax rate measure and the corruption variable are negative 
and statistically significant at the 5% level. Curiously, the coefficient on the financial risk 
measure is now positive and significant at the 5% confidence interval. A one-grade increase 
in a host nation’s chances on defaulting on its loans actually increases FDI by 4.6%. More 
intuitively, an increase in host financial risk from that of Singapore (ICRG financial risk 
= 5.5) to that of Turkey (ICRG financial risk = 18) translates to a 9.2 percentage point 
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decrease in the tax rate after controlling for the corruption level of the recipient nation. The 
result suggests that after taking host corruption into account, foreign multinationals actually 
prefer to invest in host countries where financial risk is high in hopes of reaping large profits 
from successful ventures. This conclusion is logical if businesses use FDI as a means to 
take advantage of lucrative opportunities in countries where bad institutions cause local 
sources of capital to be limited. In addition, the magnitude of the corruption coefficient is 
slightly more negative than in that in the original specification (Table 3 Column 1). This 
outcome may imply that a higher level of perceived corruption is a stronger disincentive 
for international investment into countries where there is also financial risk. 
Sovereign Risk and Corruption

Sovereign risk or the risk of expropriation should be a factor that multinationals 
consider when investing in a foreign country. The results from the inclusion of the sovereign 
risk variables are outlined in Columns 4 and 5 of Table 3. The differences in the two indices 
are evident as the S&P measure is positive and significant at the 10% confidence interval, 
while the Fitch measure is positive and significant only at the 15% level. The specification 
indicates that a one unit increase in the host sovereign risk level now increases inward FDI 
by approximately 4% (S&P = 3.6%; Fitch = 4.2%). Again looking at Singapore and Turkey, 
an increase in the sovereign risk from that of Singapore to that of Turkey is comparable 
to a 11.4 (S&P) to 16.6 (Fitch) percentage point decrease in the marginal tax rate. In both 
regressions, the coefficients on the corruption rating remain negative and significant. The 
magnitudes, however, are greater in absolute value when compared to the original Wei 
(2000a) specification: a one grade increase in the perceived corruption level of the host 
country now decreases investment by 19.1% in the S&P model and 20.5% in the Fitch 
case. The empirical outcomes indicate that after taking corruption into account, sovereign 
risk is no longer a hindrance, but an encouragement to foreign investment. However, when 
weighing both of these factors, foreign investors place a bigger penalty on host corruption. 
Once again, the addition of the risk variable does not change the sign or significance of the 
other variables, a further indication of the strength of the Wei (2000a) model.
Political Stability

Although ICRG also reports a political risk index, it is not possible to include it in this 
model as perceived corruption levels is one of its components. Wei (2000a) speculated that 
political stability encourages FDI flows and that this factor is negatively correlated to the 
corruption variable. As political stability is an essential element of any political risk index; 
it can also serve as an inverse proxy for political risk. However, unlike the result in Wei 
(2000a)’s study, political stability proved to have an insignificant effect on international 
investment as seen in Column 6 of Table 3. 
The ICRG Corruption Measure

The regression results with the ICRG rating as the measure for perceived host country 
corruption are exhibited in Table 7. Table 8 reports the statistical estimation outcomes 
following the recoding of the corruption and risk measures into dichotomous variables (i.e. 
dicrgcorrupt = 1 if ICRG>3 on the 1-6 scale). The coefficients of the tax rate and corruption 
measures are still negative and statistically significant at the 5% confidence interval. 
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What is surprising is that none of the risk variables examined including the financial and 
sovereign risk factors are significant in the continuous regressions. This outcome raises 
doubts regarding the consistency of the risk measures. However, the dichotomous financial 
and sovereign risk indicators are positive and significant, similar to what is seen using the 
previous corruption variable. 

IV. Conclusion

This paper examines the effects of taxation, corruption, and risk on foreign direct 
investment from twelve source countries to forty-five host countries using variations of 
the basic double-log Wei (2000a) model. The study itself serves as a robustness test of 
the Wei (2000a) specification as it uses up-to-date cross-sectional data. Estimation results 
support Wei (2000a)’s findings that an increase in the tax rate faced by multinational firms 
or a heightened level of perceived corruption in a host country decreases international 
investment inflows. 

An additional contribution is the analysis of various types of recipient country risk. This 
investigation finds that increased financial or sovereign risk in a recipient country actually 
encourages inward foreign investment after taking corruption levels into account while 
host macroeconomic uncertainty has no significant effect on FDI. These results suggest 
that higher perceived host corruption is indeed the primary disincentive for international 
investment flows into developing countries.  The main policy implication of this paper, 
then, is that developing countries should take steps to reduce corruption, but not investment 
risk in order to attract more foreign capital. However, these findings should be taken with 
a grain of salt as the consistency of the some of these outcomes is a bit shaky under the 
scrutiny of additional robustness checks. 

The main contribution of this study is determining the direction and significance of the 
impact of various categories of country risk on investment inflows. However, it is uncertain 
what specific components of the composite risk measures are responsible the positive 
association with FDI.  Further research isolating these effects will perhaps shed more light 
into what truly determines FDI inflows. In addition, the Wei (2000a) specification works 
only using a cross-sectional sample. A potential issue with such a model is that it only 
examines short run determinants and ignores essential long run factors that also influence 
investment decisions. 
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Table 1: Summary Statistics
Mean Std Dev Minimum Maximum # Obs

Tax rate 0.20 0.08 0.06 0.40 42
Corruption (TI) 5.02 2.51 1.3 9.6 45
Corruption (ICRG) 3.66 1.32 1 6 45
Economic Risk (ICRG) 12.38 4.40 4.5 25.5 45
Financial Risk (ICRG) 11.30 5.03 1.5 24.5 45
Sovereign Risk (S&P) 6.44 6.57 1 35 45
Sovereign Risk (Fitch) 6.22 5.83 1 27 45
Political Stability 
(ICRG) 8.84 1.43 4.5 11 45

Table 2: Correlation Matrix (based on 42 common observations) 

Tax 
Rate

Corruption 
(TI)

Corruption 
(ICRG)

Economic 
Risk 
(ICRG)

Financial 
Risk 
(ICRG)

Sovereign 
Risk 
(S&P)

Tax rate 1
Corruption 
(TI) 0.05 1
Corruption 
(ICRG) -0.05 0.89 1
Economic 
Risk (ICRG) 0.20 0.69 0.57 1
Financial 
Risk (ICRG) 0.16 0.21 0.02 0.52 1
Sovereign 
Risk (S&P) -0.02 0.81 0.64 0.66 0.41 1

Sovereign 
Risk (Fitch) -0.03 0.84 0.66 0.68 0.42 0.98
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Table 3: Corruption, Risk, and Foreign Direct Investment
(1) (2) (3) (4) (5) (6)

Tax rate -3.24*
(1.10)

-3.48*
(1.12)

-4.08*
(1.20)

-3.41*
(1.12)

-3.37*
(1.11)

-3.19*
(1.11)

Corruption (TI) -0.15*
(0.04)

-0.20*
(0.05)

-0.17*
(0.04)

-0.22*
(0.05)

-0.23*
(0.06)

-0.15*
(0.04)

Economic Risk 
(ICRG)

0.03
(0.03)

Financial Risk 
(ICRG)

0.05*
(0.02)

Sovereign Risk 
(S&P)

0.03#
(0.02)

Sovereign Risk 
(Fitch)

0.04##
(0.03)

Political Stability 
(ICRG)

0.06
(0.07)

log(GDPhost)
0.74*
(0.08)

0.76*
(0.08)

0.83*
(0.09)

0.78*
(0.08)

0.79*
(0.09)

0.73*
(0.08)

log(distance) -0.50*
(0.08)

-0.48*
(0.08)

-0.52*
(0.08)

-0.53*
(0.08)

-0.53*
(0.08)

-0.51*
(0.08)

Linguistic Tie 0.80*
(0.19)

0.83*
(0.19)

0.77*
(0.18)

0.74*
(0.19)

0.75*
(0.19)

0.78*
(0.19)

Source Dummies Yes Yes Yes Yes Yes Yes
# Observations 359 359 359 359 359 359
R2 0.51 0.51 0.52 0.52 0.51 0.51

Notes:
(1) Robust standard errors are reported in parentheses
(2) *,#,## denote statistical significance at the 5%, 10%, and 15% respectively
(3) All regressions include source country dummies that are not reported in table
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Table 4: Risk and Foreign Direct Investment
(1) (2) (3) (4)

Tax Rate -3.28*
(1.14)

-4.36*
(1.22)

-3.43*
(1.13)

-3.37*
(1.13)

Economic Risk (ICRG) -0.05*
(0.02)

Financial Risk (ICRG) 0.03
(0.02)

Sovereign Risk (S&P) -0.03*
(0.01)

Sovereign Risk (Fitch) -0.05*
(0.01)

log(GDPhost)
0.77*
(0.08)

0.86*
(0.09)

0.75*
(0.08)

0.72*
(0.09)

log(distance) -0.59*
(0.08)

-0.64*
(0.08)

-0.54*
(0.09)

-0.52*
(0.08)

Linguistic Tie 0.75*
(0.20)

0.78*
(0.20)

0.86*
(0.20)

0.86*
(0.20)

Source Dummies Yes Yes Yes Yes
# Observations 359 359 359 359
R2 0.49 0.49 0.49 0.50

Notes: Please refer the footnotes to Table 3. 
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Table 5: Corruption and Risk as Binary Variables 
(1) (2) (3) (4) (5)

Tax rate -3.44*
(1.11)

-3.42*
(1.11)

-3.85*
(1.15)

-3.85*
(1.15)

-3.85*
(1.15)

Corruption (TI) -0.71*
(0.18)

-0.73*
(0.18)

-0.76*
(0.19)

-0.76*
(0.19)

-0.76*
(0.19)

Economic Risk (ICRG) 0.29
(0.63)

Financial Risk (ICRG) 0.98*
(0.40)

Sovereign Risk (S&P) 0.98*
(0.40)

Sovereign Risk (Fitch) 0.98*
(0.40)

log(GDPhost)
0.74*
(0.08)

0.75*
(0.08)

0.76*
(0.08)

0.76*
(0.08)

0.76*
(0.08)

log(distance) -0.51*
(0.08)

-0.51*
(0.08)

-0.52*
(0.09)

-0.52*
(0.09)

-0.52*
(0.09)

Linguistic Tie 0.80*
(0.19)

0.80*
(0.19)

0.72*
(0.20)

0.72*
(0.20)

0.72*
(0.20)

Source Dummies Yes Yes Yes Yes Yes 
# Observations 359 359 359 359 359
R2 0.51 0.51 0.51 0.51 0.51

Notes: Please refer the footnotes to Table 3. 
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Table 6: Risk as a Binary Variable
(1) (2) (3) (4)

Tax Rate -3.84*
(1.14)

-4.14*
(1.18)

-4.14*
(1.18)

-4.14*
(1.18)

Economic Risk (ICRG) -0.04
(0.63)

Financial Risk (ICRG) 0.67##
(0.41)

Sovereign Risk (S&P) 0.67##
(0.41)

Sovereign Risk (Fitch) 0.67##
(0.41)

log(GDPhost)
0.80*
(0.08)

0.82*
(0.08)

0.82*
(0.08)

0.82*
(0.08)

log(distance) -0.61*
(0.08)

-0.63*
(0.08)

-0.63*
(0.08)

-0.63*
(0.08)

Linguistic Tie 0.80*
(0.20)

0.75*
(0.21)

0.75*
(0.21)

0.75*
(0.21)

Source Dummies Yes Yes Yes Yes
# Observations 359 359 359 359
R2 0.48 0.49 0.49 0.49

Notes: Please refer the footnotes to Table 3. 
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Table 7: The ICRG Corruption Index (Continuous 1-6 Scale)
(1) (2) (3) (4) (5) (6)

Tax rate -3.73*
(1.11)

-3.71*
(1.14)

-4.26*
(1.21)

-3.67*
(1.12)

-3.61*
(1.13)

-3.62*
(1.12)

Corruption 
(ICRG)

-0.24*
(0.07)

-0.24*
(0.08)

-0.24*
(0.07)

-0.23*
(0.08)

-0.21*
(0.08)

-0.24*
(0.07)

Economic 
Risk (ICRG)

-0.01
(0.03)

Financial Risk 
(ICRG)

0.03
(0.02)

Sovereign 
Risk (S&P)

-0.01
(0.02)

Sovereign 
Risk (Fitch)

-0.01
(0.02)

Political 
Stability 
(ICRG)

0.09
(0.07)

log(GDPhost)
0.78*
(0.08)

0.78*
(0.08)

0.83*
(0.09)

0.78*
(0.08)

0.76*
(0.09)

0.75*
(0.08)

log(distance) -0.52*
(0.08)

-0.52*
(0.08)

-0.54*
(0.08)

-0.51*
(0.08)

-0.50*
(0.08)

-0.53*
(0.08)

Linguistic Tie 0.79*
(0.19)

0.79*
(0.19)

0.77*
(0.19)

0.80*
(0.19)

0.81*
(0.19)

0.76*
(0.19)

Source 
Dummies Yes Yes Yes Yes Yes Yes

# Observations 359 359 359 359 359 359
R2 0.50 0.50 0.51 0.50 0.50 0.51

Notes: Please refer the footnotes to Table 3. 
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Table 8: The ICRG Corruption Index (Dichotomous ICRG>3)
(1) (2) (3) (4) (5)

Tax rate -3.16*
(1.11)

-3.15*
(1.12)

-3.54*
(1.15)

-3.54*
(1.15)

-3.54*
(1.15)

Corruption (TI) -0.71*
(0.17)

-0.72*
(0.17)

-0.74*
(0.17)

-0.74*
(0.17)

-0.74*
(0.17)

Economic Risk (ICRG) 0.21
(0.63)

Financial Risk (ICRG) 0.90*
(0.40)

Sovereign Risk (S&P) 0.90*
(0.40)

Sovereign Risk (Fitch) 0.90*
(0.40)

log(GDPhost)
0.77*
(0.08)

0.77*
(0.08)

0.79*
(0.08)

0.79*
(0.08)

0.79*
(0.08)

log(distance) -0.53*
(0.08)

-0.54*
(0.08)

-0.55*
(0.08)

-0.55*
(0.08)

-0.55*
(0.08)

Linguistic Tie 0.71*
(0.19)

0.72*
(0.19)

0.64*
(0.20)

0.64*
(0.20)

0.64*
(0.20)

Source Dummies Yes Yes Yes Yes Yes 
# Observations 359 359 359 359 359
R2 0.51 0.51 0.51 0.51 0.51

 
Notes: Please refer the footnotes to Table 3. 
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The MauriTian exPorT ProCessinG zone:  
an analYsis oF iTs PerForManCe and 

iTs eFFeCTs on The MauriTian eConoMY 

Yasmine Fulena
Georgetown University 

The Mauritius export processing zone (MEPZ) is recognized as one of the 
few successful export processing zones (EPZs) in the developing world.  
Established in 1970, the MEPZ grew quickly during the 1980s and 1990s and 
became the most important exporting sector of the island.  During this time 
the country’s unemployment rate fell, while economic growth stabilized, 
foreign exchange earnings and per capita income increased.  Consequently, 
the MEPZ is known as the ‘engine of Mauritian growth’  Following 
this success, numerous other developing countries passed legislations 
implementing EPZs and expected to reap similar benefits but unfortunately, 
these effects failed to materialize.  There are many articles that describe 
the MEPZ, its impact, and its effects on the Mauritian economy but few 
papers identify the factors leading to the zone’s success or use econometrics 
to quantify its performance and effects.  This paper focuses on the MEPZ 
textile sector and identifies the factors that led to the MEPZ’s success as well 
as whether its expected effects materialized in Mauritius.  Using time series 
data from the MEPZ in robust ordinary least squares (OLS) regressions with 
time trending variables, this paper finds that trade agreements and MEPZ 
labor productivity were significant in the zone’s performance.  It also finds 
that the joint effects of the MEPZ on the Mauritian economy were significant 
in the latter’s growth and that expansion of the zone affected the island’s 
unemployment rate.  The conclusions from this comprehensive economic 
review of the MEPZ lead one to reassess the zone’s role in Mauritius’ 
growth and the general role of trade agreements in economic development.  
Below is a synopsis of the paper and its findings (graphs are discussed but 
have been omitted from the synopsis).

ABSTRACT
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I.  Introduction 

Mauritius, an island 500 kilometers (km) off the eastern coast of Madagascar, is one of 
the few countries to have established and developed a successful EPZ (Alter 1991, 7).    The 
objective of the EPZ, established in 1970, was to “encourage the development of export-
based manufacturing and a processing industry in Mauritius through local and overseas 
investment” thereby diversifying the economy away from its then staple production, sugar 
(Milner, 2001, 88).   

By 1980 exports originating from the Mauritian export processing zone (MEPZ) 
accounted for 80% of the island’s exports (Ibid).  The takeoff of the Mauritian economy 
since the 1970s is attributed to the MEPZ, classified as “the engine of Mauritian growth,” 
because since its establishment it has created employment opportunities, contributed to 
income growth, developed a manufacturing export industry and increased foreign exchange 
earnings (Durbarry 2001, 115-121).  Consequently, the MEPZ is often referenced in 
development economics as a success story and in the 1980s its EPZ served as a model 
for sub-Saharan African countries seeking to spur economic development (Subramanian 
2001).  According to studies carried out by the International Center for Trade and 
Sustainable Development (ICTSD), the majority of these EPZs have been unsuccessful 
in diversifying their host economy, “Africa’s exports remain concentrated in primary 
commodities indicating that Africa’s EPZs with the exception of Mauritius have failed to 
promote manufacturing production and exports. […]  Linkages between the EPZ and the 
domestic economy fail to develop for various reasons but largely legislative” (Tekere 2000, 
42).  The failure of this development strategy in these countries has led to much debate over 
the factors that contributed to the MEPZ’s success, especially given the island’s distance 
from developed markets and lack of natural resources.  When reading articles that describe 
the success and effects of the MEPZ, one notices that although they claim the MEPZ is 
the “engine of Mauritian growth” and create a relationship between it and the Mauritian 
economy, many do not identify these factors or quantify this relationship (Durbarry 2001, 
115).  

The objective of this paper is twofold.  First, it seeks to identify the factors that were 
significant in the MEPZ’s development and determine whether these can be replicated 
elsewhere.  Given Mauritius’ location and the development of the textile industry within 
the MEPZ, this paper examines the significance of textile trade agreements in the MEPZ’s 
performance.  Second, it aims to quantify the relationship between the MEPZ and the 
host economy so as to fill the current gap in MEPZ literature. This paper examines the 
Mauritian economy from 1977 to 2006 and, after controlling for any trending variables, 
uses macroeconomic data in ordinary least squares (OLS) regressions.  The results indicate 
that trade agreements were significant in the MEPZ’s performance, implying that the 
significant factor of Mauritius’ growth may also be attributed to both the MEPZ and trade 
agreements.  They also show that the zone was statistically significant in economic growth 
and reducing unemployment rates.  
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II. Literature Review

The literature on EPZs can be divided into three categories:  theoretical analysis, cost 
benefit analysis, and descriptive or case-study analysis.  Here, I will evaluate papers from 
the first and the last sections as well as the existing literature on the MEPZ, allowing me to 
place this paper within the current MEPZ literature.1        

The first set of EPZ literature analyzes the economic theory of an EPZ and the channels 
through which it operates to assist development of the domestic economy.  An often-
referenced paper by Dorsati Madani describes the role of EPZs in the development of host 
economies (Madani 1999).  He states that EPZs are expected to stimulate the development 
of an economy in four ways:  promotion of non-traditional exports, increase in foreign 
exchange reserves, reduction in unemployment and transfer of technology from the EPZ to 
the host economy (Madani 1999, 5).  Furthermore, the author states that the role of these 
zones in development is “an instrument, among others,” underlining that EPZs are not the 
only path to development and can either work with or be considered as alternative growth 
strategies.       

The third category of literature examines the role and impact of EPZs in a single 
country or region, in part by quantifying the relationship between the EPZ and the domestic 
economy.  The significance of these articles is that they provide examples of models used 
to analyze EPZs, which are modified and used in this paper with data on the MEPZ.  This 
category of literature contains the most debate about whether the success of an EPZ in one 
country can be replicated in other countries.  The debate underlines that a particular variable 
identified as being significant in the performance of an EPZ is specific to the host country 
and cannot be easily replicated elsewhere.   For example, Aggarwal finds that economic 
and political incentives are significant in the success of EPZs in Sri Lanka, Bangladesh and 
India.  The author’s results suggest that in order for EPZs to be successful, governments must 
provide potential EPZ firms with feasible incentives that coincide with their infrastructure 
and current economic level of development.  Aggarwal finds that investment, employment, 
tax holidays and infrastructure are all significant in the performance of an EPZ.     

The authors of literature focusing specifically on the MEPZ differ on the zone’s 
success and impact on the domestic economy.  For example, Arvind Subramanian suggests 
that the MEPZ’s success is due to Mauritius’ educated workforce and ability to be trained 
quickly (Subramanian 2001).  This human capital factor enabled MEPZ firms to hire and 
quickly train those that were unemployed, thus contributing to the growth of the MEPZ 
through the employment of labor.  Subramanian also suggests that the presence of trade 
agreements that favored apparel exports encouraged the establishment of firms producing 
textiles (Ibid).  However, other analyses are similar to Aggarwal’s and claim that this success 
depended on both the internal economic and political situation on the island (Bhowon et 
al.).  A third paper suggests that the MEPZ has been unsuccessful and has only provided 
temporary growth (Sannassee and Pearce).  These authors claim that because the zone has 
1  This is not an exhaustive list of the literature available on the topic.  Nevertheless, it presents 
seminal papers that provide examples of regression models used in this paper and demonstrates gaps in 
MEPZ literature that this paper aims to fill.
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not created any backward linkages with the domestic economy if it were to shut down, 
Mauritius would be unable to sustain its development without interventions from the World 
Bank, International Monetary Fund or other international economic institutions (Sannassee 
and Pearce).         

The motivation behind this paper is to identify the variables, and more specifically 
whether trade agreements, that were significant in the MEPZ’s performance and determine 
if these can be replicated elsewhere.  This paper also seeks to fill the current gap in MEPZ 
literature and quantify the zone’s relationship with the domestic economy.  Thus the 
contribution of my paper is that it links two strands of research on EPZs:  it tests parts 
of EPZ economic theory, contributing to the literature on EPZs, and uses this theory to 
quantify the effect of the MEPZ on the Mauritian economy, enriching the current literature 
on the MEPZ.            

III.  EPZ Theory and the History of the MEPZ

EPZ Theory
An EPZ is a special enclave that manufactures goods for export and exists outside a 

country’s normal customs barriers (Warr 1989, 65).  The firms operating within an EPZ 
are mostly foreign owned and enjoy preferential commercial treatment, such as duty-free 
imports of intermediate goods, lower rates of taxation or even tax holidays, and access 
to better infrastructure than firms operating in the domestic economy (Warr 1989, 65).  
Although EPZ firms can sell a percentage of their production to the domestic market, and 
sometimes they are required to do so, they often export all of their production (Madani 
1999, 16).  The goods produced in an EPZ can range from being labor-intensive, such 
as apparel, to technology-intensive, such as electronics.  However given the high rate of 
unemployment in many of the countries that establish EPZs, the majority of goods produced 
are often labor as opposed to technology-intensive.  Consequently, one of the benefits 
from an EPZ is that it reduces unemployment and eventually increases per capita gross 
domestic product through income creation (Warr 1989, 75; Madani 1999, 7).  EPZs are 
also supposed to provide foreign exchange earnings by promoting sales of non-traditional 
exports from the host country (Madani 1999, 7).  The last objective is to promote FDI and 
encourage technology transfer to the host economy either through demonstration effects 
or through inclusion of domestic firms in the EPZ supply chain (Ibid).  Encouraging EPZ 
firms to procure their production inputs locally can lead to technology transfer because 
if these inputs are made with technology that is more advanced than the country’s level 
of expertise, domestic firms can obtain, adopt, and integrate this technology into their 
production process.  Providing the host economy with more advanced and effective 
technology can contribute to economic growth by increasing its productivity (Warr 1989, 
81).  These four relationships between an EPZ and host economy are the effects that a 
country expects will materialize after establishing an EPZ.
MEPZ Overview

In 1968, when Mauritius obtained independence from the British, it was heavily 
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dependent on sugarcane production and sugar exports (Durbarry 2001, 127).  It was a 
member of the Lomé Convention (LC), which ensured its sugar exports to the European 
Union market (Lamusse 2001, 39).  Mauritius was allowed to export 510,000 tons of sugar 
to the European Union for a fixed price, leaving it to be heavily dependent on sugar exports 
(Ibid).  This convention expired in 2000.  Also in 1970, a growth theory economist, Dr. 
James Meade, predicted that the island would not be able to sustain any development if it 
continued to be reliant on the sugar industry because this growth was insufficient to sustain 
population growth (Milner 2001, 33).  Following this report, the Mauritian government 
sent economists and policy-makers to visit EPZs in Asia, which were beginning to play an 
important role in the economic development of the host country (Ibid).  

The Mauritius Export Processing Zone Authority Act established the MEPZ in 
1970 (Government of Mauritius 1970).  The MEPZ was island-wide meaning that unlike 
traditional EPZ firms, MEPZ companies were not restricted to one particular area of the 
island, but were allowed to locate themselves anywhere in the country that was convenient 
for their operations (Milner 2001, 33).    

In 1970 the country’s male unemployment rate was 17% while the female unemployment 
rate was 20%, meaning an abundant supply of labor was available for a labor-intensive 
industry.  More importantly, the existence of two trade agreements also encouraged the 
development of a textile-exporting industry.  Mauritius was not subject to the Multi-Fiber 
Agreement (MFA) established in 1974 by the General Agreement on Tariffs and Trade 
(GATT) (Milner 2001, 95).  The MFA required that exports from developing countries to 
developed countries be subject to quotas if the import of these goods caused, or threatened 
to cause, important damage to the respective industry of the importing country (WTO).  
Since Mauritius was not subject to this constraint, it could export an unlimited amount 
of goods to developed markets.  Moreover, the fact that many countries with high rates 
of productivity and low wages, such as India, China and Indonesia, were subject to the 
MFA,meant that Mauritius was shielded from their competition throughout the 20 years of 
this agreement (Milner 2001, 97).  This agreement, coupled with the available labor force, 
attracted many foreign textile companies to obtain MEPZ firm licenses (Durbarry 2001, 
126).  

In 2000, the African Growth and Opportunity Act (AGOA) was established and 
provided, amongst other concessions, “duty-free and quota-free treatment for eligible 
apparel products made in sub-Saharan countries through 2015” (U.S. House 2000).  
However, certain percentages of the apparel had to contain yarn made in the United States, 
sub-Saharan Africa, and a designated lesser developed country but countries which had a 
per capita income under $1,500, which was not the case of Mauritius, were not required to 
adhere to these content requirements (Ibid).  Therefore AGOA seemed to give Mauritian 
textiles unlimited access to a new market, but because it had to adhere to the caps mentioned 
above, this agreement did not necessarily encourage continuous development of the textile 
industry.  With the amendment of AGOA in 2004 and consequent establishment of AGOA 
III, Mauritius was designated as a lesser developed country, allowing it to export apparel to 
the United States without the need to adhere to these caps (U.S. House 2004). 
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IV.  Data and Methodology

Data
The data used in this paper stems primarily from the Mauritius Office of Central 

Statistics.  The majority of the data used in my regressions covers the time period from 
1977 to 2006, providing 30 observations for the following regressions.  However some 
variables, such as the growth of MEPZ textile exports, are only available from 1992 to 
2006, reducing my observations to 15.  A few of the observations were not available from 
the Office of Central Statistics, such as the unemployment rate, and were taken from the 
World Banks’s World Development Indicators.  The variable units are all expressed in 
percentages as it best suited the analysis and interpretation of my results.          
Methodology

Since this paper uses time-series macroeconomic data, it is possible that the data is non-
stationary because it includes trending variables, meaning their values are an increasing or 
decreasing function of time.  Trending variables can create a spurious regression problem 
whereby variables are correlated because they grow over time (Wooldridge 2006, 366).  
Therefore running a regression without accounting for this aspect of the data would bias 
my results (Wooldridge 2006, 871).  Since the data may contain time trends, I test it for 
non-stationarity and if it is non-stationary, I correct for this in my regressions.  To check for 
non-stationarity, I run an augmented Dickey-Fuller test for the presence of a unit root on 
the first difference of all variables (Wooldridge 2006, 642).  Using the rejection regions for 
this specific test indicated by Wooldridge, I either reject or fail to reject the null hypothesis.  
The alternative hypothesis is that the variable is trend-stationary; therefore failing to reject 
the null hypothesis implies the variable is non-stationary (Wooldridge 2006, 643-644).  
The results are displayed below.  The last column shows whether the variable is stationary 
(S) or non-stationary (NS).      

Table 1.  Results of Augmented Dickey-Fuller for all Independent variables
Variable Test statistic Action taken (S, NS)
Change MEPZ Investment Machinery Growth -6.98*** S
Change MEPZ Imported Raw Materials Growth -4.64*** S
Change Main Roads Growth -5.73*** S
Change Sugar Production Growth -7.62*** S
Change National Savings Growth -5.66*** S
Change Government Expenditure Growth -6.19*** S
Change Imports Growth -4.328*** S
Change MEPZ Employment Growth -5.67*** S
Change Hotel and Restaurant Growth -4.05*** S
Change Transport and Communication Growth -7.24*** S
Change Services Industry Growth -6.45*** S

Key:  *** denotes no unit root at the 10% significance level
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Table 2.  Results of Augmented Dickey-Fuller Test for all Dependent Variables 

Variable Test Statistic Action Taken (S, NS)

Change in MEPZ Performance 
 
-2.69

 
NS 

Change in MEPZ Net Growth -2.7 NS
Change in MEPZ Textile Performance 0.28 NS
Change in MEPZ Growth -9.586*** S
Change MEPZ non-Textile Performance -3.7 S
Change in GDP growth -5.26*** S
Change in Female unemployment rate -2.92 NS
Change in Male unemployment rate -4.185*** S

Key:  *** denotes no unit root at the 10% significance level

The null hypothesis is rejected for all variables in Table 1, indicating that these 
variables are trend-stationary.  We fail to reject the null hypothesis for five of the eight 
dependent variables, indicating that these are non-stationary.  Graphs 8-12 in the Appendix 
display these five variables and illustrate that they contain an upward trend in their series.  
There is clearly an increasing trend in MEPZ performance, net MEPZ growth, and MEPZ 
textile performance.  To correct and control for the effect of these trending variables, I 
include a time trend, which is the year variable, in my regressions (Wooldridge 2006, 366).  
Without this time trend, the regressands may appear to be correlated with the regressors for 
reasons actually unrelated to the regressors (Ibid).  The next two sections describe the form 
of the regressions including this time trend.
MEPZ Performance

The first objective of this paper is to examine those factors contributing to the 
performance of the MEPZ.  To do so I run five OLS regressions, each with a different 
dependent variable but same independent variables.  As in Aggarwal’s work, the dependent 
variables measure different aspects of the MEPZ.  The dependent variable is MEPZ 
performance, which is MEPZ exports measured as a percent of total exports.  I then divide 
the performance into textile and non-textile performance to determine whether the textile 
industry is influencing the results.  The other two dependent variables are MEPZ growth 
and MEPZ net export growth.  This last variable is calculated by subtracting the value of 
MEPZ imports from MEPZ total exports.  It captures the value added by the Mauritian 
economy to MEPZ production.    

I am mainly interested in the effect of the three trade agreements, MFA, AGOA III 
and LC, on the performance and growth of the MEPZ.  These are included as dummy 
independent variables and thus the hypothesis for this test is that the trade agreements are 
individually significant on the performance and growth of the MEPZ.  Given the incentives 
that these trade agreements gave to firms producing textiles for export in Mauritius, and the 
lower costs that MEPZ producers faced compared to domestic producers, there is reason to 
believe that these agreements were important in the performance and growth of the MEPZ.  
The other independent variables in this regression are similar to those used by Aggarwal 
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and measure aspects of production inputs.  The welfare fund, established in 1986, provides 
accommodation and food for MEPZ employees and daycare services for their children.  I 
expect this would encourage more people to work in the MEPZ and, given that the MEPZ 
production was labor-intensive, would have a positive effect on MEPZ performance 
until diminishing marginal returns set in.  I include the growth in sugar production as a 
control and expect it to have a negative effect on the MEPZ’s growth and performance.  
The significant variables in these regressions will demonstrate the importance of trade 
agreements and whether elements specific to Mauritius were important in the development 
of the MEPZ.  The regression function is:

y = a + β1investment in MEPZ machinery + β2imported raw materials + β3welfare fund 
+ β4sugar production + β5MFA + β6AGOAIII + β7LC + β8main roads 
+ β9MEPZ labor productivity + β10year + e

where y takes the form of MEPZ performance, MEPZ textile growth, real MEPZ growth 
and MEPZ exports net value.  β9 is an index measuring the MEPZ’s labor productivity 
where the base year is 1990 and β10 is the time trend control used to control for trending 
variables.  
Impact of MEPZ on income growth and unemployment

The second group of regressions examines the effect of the MEPZ on the domestic 
economy.   Here, I run two sets of OLS regressions, one measuring the MEPZ’s effect on 
income growth, and the other measuring its effect on unemployment rate by sex.      

The first regression consists of regressors that affect economic growth, including 
three variables that link the MEPZ to this growth:  MEPZ net export growth, backward 
linkages and MEPZ employment.  MEPZ net export growth measures the value added 
by the Mauritian economy to MEPZ exports and should positively affect income growth.  
Backward linkages, defined above, would have a negative effect on income growth 
because as this ratio rises, the ratio of imported MEPZ intermediate goods rises to local 
intermediates falls, reducing the value added by Mauritius.  Since the MEPZ is expected 
to generate income for individuals, I include MEPZ employment to capture the effect of 
this income, which is part of aggregate consumption, on income growth.  This variable is 
the percentage of the total labor force employed in the MEPZ.  This regression takes on the 
following form:

GDP growth  = a + β1 growth national savings + β2 growth government expenditure 
+ β3 growth imports + β4growth MEPZ net exports + β5backward linkages 
+ β6growth MEPZ employment + β7 growth sugar production  + β8 year + e

Following this regression I run a joint-hypothesis test to determine whether the 
aggregate effects of the MEPZ, represented by β4, β5 and β6, are jointly significant on real 
GDP growth.  I believe the regression results will quantify the individual effect of these 
links between the MEPZ and domestic economy, indicating whether the expected effects 
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of the MEPZ materialized on economic growth.       
The second regression examines the effect of the MEPZ growth rate on unemployment 

rates by sex.  This regression tests whether MEPZ growth was significant in the fall of 
the unemployment rate after 1977 given the growth of other sectors that were also labor 
intensive such as the hotel management, transportation services and other services (Durbarry 
2001, 107).  The dependent variable is the unemployment rate expressed as a percentage 
of the total labor force.  I also include the variable ‘year’ in the regression as an additional 
control.  This regression takes the form below and is run individually with female and male 
unemployment rates.    

Unemployment rate  = a + β1growth of hotel and restaurant industry  
+ β2growth transportation industry + β3 growth services industry 
+ β4growth MEPZ + β5year + e

Additional expected effects of EPZs:  Backward linkages and foreign exchange reserves
I lacked sufficient data to examine the creation of backward linkages and foreign 

exchange earnings and their effects on the Mauritian economy.  However I hope to capture 
part of the effect of backward linkages in the second regression through β5.  With firm-level 
data on the value of imported intermediate inputs and locally sourced intermediate inputs, 
I would be able to use a model similar to that of Mauricio Jenkins, who examined the 
creation and effect of backward linkages on Costa Rican EPZs or of Gorg and Ruane, who 
test the presence and strength of backward linkages in the Irish electronics sector (Jenkins 
1998, 37; Gorg and Ruane 2000, 217).        

V. Results and Analysis

The results from the first set of regressions are displayed in Table 3.  Each column 
represents a different measure of MEPZ performance and although not all variables are 
significant, they have the hypothesized effect on the dependent variable.  

The two textile trade agreements are significant on the MEPZ’s performance, 
confirming my hypothesis.  The MFA is significant and increases the MEPZ’s performance, 
therefore the increase in MEPZ exports compared to other exporting industries, by 0.15%.  
This implies that the presence of the MFA, which reduced competition from large export 
producing nations during the establishment of the MEPZ, influenced the development of 
the MEPZ compared to other industries.  This is also true for MEPZ textile performance 
shown in column 4, which increased the percentage change in textile performance by 
6.9%.  It is also not surprising that this trade agreement, which favored textile production, 
has the opposite effect and lower magnitude, -0.69%, on non-textile MEPZ production as 
displayed in the last column.  This last result also implies that the textile sector may have 
been influencing the results displayed in the first column, which combines both textile and 
non-textile export production. 

AGOA III is also significant and positively increases MEPZ performance by 0.11%.  
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This agreement positively affected MEPZ growth, or at least MEPZ textile performance, 
because it too focuses on textiles and reduced the island’s input requirements in textile 
goods exported to the United States.  It should be noted that this result may be biased as 
there are only 14 observations for this regression, and for only three of these is the AGOA 
II dummy variable equal to 1.  Furthermore, the results in the last two columns contain 
very few observations due to the period the data spanned1992-2006, and the years the 
trade agreements were in force.  The MFA phasing-out process began in 1994 and AGOA 
III began in 2004; therefore there are only three years of observations in these results.  
Nevertheless, AGOA III is similar to the MFA as it increases textile production by 6.5%.  

The LC has a much smaller impact on MEPZ performance, most probably because 
it was geared towards encouraging sugarcane exports from the island.  Although it is 
not significant, it does have the expected effect on the MEPZ performance: since the LC 
positively affected sugar production through sugar exports, it would have a negative effect 
on a non-sugar producing industry.  The agreement allowed other Mauritian exports to 
enter the European market at preferential rates, but not to the same extent as it did for sugar, 
thus explaining its negative effect on all MEPZ variables.  

It is interesting to note that although these agreements positively affect MEPZ 
growth and net growth, they are not significant in these regressions as shown in columns 
2 and 3 of Table 3.  This result coincides with that of the literature, in which economists 
demonstrate difficulty in identifying constant factors that cause EPZs to prosper.  EPZ labor 
productivity is also significant in the MEPZ performance and net exports growth.  This is 
another argument often put forward in MEPZ literature:  firms were attracted to Mauritius 
because of its labor productivity and workforce (Subramanian).  The only production input 
provided by Mauritius in the production of textiles was assembling the products.  The island 
does not produce cotton, yarn or thread and must import these items to produce textiles 
(Subramanian).  Therefore it is not surprising that this claim, that MEPZ labor productivity 
was important in the performance of the zone, be supported by these results.  Similar to 
Aggarwal’s findings, the infrastructure variable, measured by main roads, positively affects 
these regressands but is not statistically significant.   Lastly, the fact that the time trend is 
significant implies that MEPZ performance increased by 0.013% per year.  

One could also interpret these results as indicating that it was not the MEPZ which 
contributed to Mauritius’ growth, but the trade agreements acting through the MEPZ.  Since 
the only important difference between MEPZ firms and domestic firms is possession of a 
MEPZ license, one could argue that Mauritius did not need to establish an EPZ to grow 
during the 1970s; it only had to promote the development of the textile industry with the 
use of the MFA and once this was being phased out, use of AGOA III.  Therefore these 
results require a re-analysis of the MEPZ’s role in Mauritius’ growth and the use of trade 
agreements in economic development.   
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Table 3.  Simple OLS Robust:  Effect of economic and trade policies on MEPZ performance 
variables 1977-2006 (Source:  Mauritius Office of Central Statistics)

Independent
Variables

Dependent Variable

MEPZ 
Performance 
(MEPZ exports 
as a percentage 
of total exports) 

MEPZ growth 
(%)

MEPZ 
Net Export 
Growth (%)

 MEPZ 
Textile 
Performance  
(%)

MEPZ non 
Textile 
Performance 
(%) 

Coefficient  
(Standard error)

Coefficient  
(Standard 
error)

Coefficient  
(Standard 
error)

Coefficient  
(Standard 
error)

Coefficient  
(Standard 
error)

Growth in 
Investment in 
machinery (%)

0.138 
(0.076)***

0.157 
(0.073)**

0.393 
(0.242)

0.167 
(0.396)

0.65 
(1.45)

Growth in Imported 
raw materials (%)

0.002
(0.002)

0.006 
(0.003)*** 0.025 

(0.0154)

0.154 
(0.184) 0.07 

(0.091)

Welfare Fund 
(Dummy)

0.157
(0.0642)*

0.006 
(0.005)

0.1816 
(0.13758)

Dropped 
 Dropped

Growth in Sugar 
Production (%) 

-0.0187 
(-0.107)

-0.228 
(-0.225)

-0.2 
(-0.275)

-2.43 
(4.68)

-2.28 
(2.5) 

MFA (Dummy) 0.15 
(0.07)**

0.08 
(0.12)

0.304 
(0.37)

6.9
(1.03)*

-0.69 
(0.95) 

AGOA III 
(Dummy)

0.111 
(0.0622)***

0.085 
(0.150)

0.274 
(0.411)

6.5 
(1.71)*

0.36 
(1.34) 

Lome Convention 
(Dummy)

-0.077 
(0.133)

-0.048 
(0.049)

-0.06 
(0.179)

-0.61 
(5.3)

-0.75 
(2.76) 

Growth in Main 
roads (%)

0.358 
(0.967)

1.31 
(2.32)

5.90 
(7.57)

1.43 
(122.9)

1.69 
(48.03) 

MEPZ Labor 
productivity (index)

0.008 
(0.003)*

0.006 
(0.005)

0.03013 
(0.00796)*

0.47 
(1.082) 0.45 

(0.354)

Year (trend) 0.013 
(0.002)*

-0.006 
(-0.007)

-0.0188 
(0.0261)

0.29 
(0.66)

0.53 
(0.23)

Number of 
observations 30 30 30 15 15

R-squared 0.5271 0.572 0.405 0.76 0.686
Root Mean Squared 
Error 0.108 0.137 0.366 2.83 1.43

Key:  * denotes significant at 1%, ** denotes significance at 5%, *** denotes significance 
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at 10%
The results in Table 4 analyze the effect of the MEPZ on the growth of the Mauritian 

economy.  It shows that only one of the three effects of the MEPZ, MEPZ net export growth, 
is individually significant in the growth of the Mauritian economy.  This can be explained 
by the fact that the only real contribution of Mauritius to MEPZ production was through the 
labor force; most of the production inputs of items produced in the MEPZ were imported, 
assembled in Mauritius, and then exported to other markets.  The fact that backward 
linkages are not significant in the real income growth coincides with Sannassee and Pearces’ 
hypothesis that backward linkages were not generated by the MEPZ (Sannassee and Pearce 
2001).  However, it should be noted that this is not the ideal measure of backward linkages 
and that a more accurate measure may oppose their conclusion.  

According to these results the only channel affected by the MEPZ that was significant 
on economic growth was the growth in MEPZ net exports.  A 1% increase in net exports 
leads to 0.75% increase in economic growth, which is quite large considering Mauritius’ 
average growth rate during this 30 year period was approximately 5%.  The more interesting 
result in this regression is the outcome of the joint-hypothesis test.  The F-statistic of the 
joint hypothesis test in Table 5 indicates that all three variables influenced by the MEPZ are 
jointly significant on income growth at the 5% level, illustrating that these three expected 
effects of the EPZ materialized in Mauritius.

It should be noted that to perform a deeper analysis of the effects of the MEPZ, it 
would be best to include a better measurement of backward linkages and foreign exchange 
earnings generated by the MEPZ in the joint-hypothesis test.  Nevertheless, this result 
supports the claim that the MEPZ has a significant and positive effect on real income 
growth.  It also allows one to quantify the effect of the MEPZ on real income growth.  A 1% 
increase in MEPZ net export growth increases real income by 0.75% while a 1% increase 
in backward linkages reduces income growth by 0.29%.  This variable has a negative effect 
because of its calculation:  if this ratio increases, then more MEPZ inputs are being sourced 
from abroad than from the domestic market, negatively affecting income growth.  The 
growth in MEPZ employment has a large but insignificant impact on real income growth:  
increasing employment in the MEPZ by 1% of the total labor force increases real income 
growth by 4.71%.  This effect is quite large and may change if a different employment 
calculation is used.  The other variables, although not statistically significant, have the 
hypothesized effect on real income growth.   

 The findings displayed in Table 6 support the hypothesis that the MEPZ affected 
male and female unemployment rates.  Again, this is an effect that many articles allude to 
but do not quantify when examining the success and impact of the MEPZ. 

Surprisingly, the MEPZ is the only industry of all those that employ important 
amounts of female labor to be statistically significant in reducing the female unemployment 
rate:  a 1% increase in MEPZ growth reduces female unemployment in the labor force by 
0.16%, which is well above the effect of the expansion of the hotel and services industries, 
0.068% and 0.027% respectively.   MEPZ growth has a similar effect on the rate of male 
unemployment since it reduces this variable by 0.132%.  These results demonstrate and 
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quantify, that the MEPZ was statistically significant in reducing the unemployment rate in 
Mauritius.

Table 4.  Simple OLS: Impact of MEPZ on aggregate Mauritian real GDP growth 
1977-2006 (Source:  Mauritius Office of Central Statistics)

Independent Variables

Dependent Variable Robust

Real GDP growth of Mauritius 
(%)
 
Coefficient  
(Standard error)

Growth in Gross National 
Savings (%)

12.3 
(6.98)***

Growth in Government 
Expenditure (%)

2.9 
(5.68)

Growth in Imports (%)
-1.546 
(-1.65)

MEPZ net exports Growth (%)
0.75 
(0.232)*

Backward Linkages (Ratio)
-0.29 
(9.41)

Growth in MEPZ Employment 
(%)

4.71 
(5.02)

Growth in Sugar Production (%)
0.7 
(1.135)

MEPZ Performance (%) Dropped

Year 0.324 
(0.17)*

Number of observations 30
R-squared 0.408
Root MSE 2.031

Key: * denotes significance at 1%, ** denotes significance at 5%, *** denotes 
significance at 10%

  

Table 5:  Joint hypothesis testing of MEPZ channels on income growth
Test:  MEPZ Net Exports = Backward Linkages = MEPZ employment = 0
F- test (3, 21) 3.54

Prob > F 0.033
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Table 6:  Simple OLS:  Effect of MEPZ growth on unemployment rates 1977-2006
(Source:  Mauritius Office of Central Statistics)

Independent Variables

Dependent Variable
Female unemployment rate (%) Male unemployment rate (%) 
Coefficient  
(Standard error)

Coefficient  
(Standard error)

Real Growth of Hotel and 
Restaurant industry (%)

-0.068 
 (0.051)

-0.06 
(0.034)*** 

Real Growth of 
Transportation and 
Communication industries 
(%)

-0.027 
(0.026)

-0.023 
(0.02) 

Real Growth of Services 
Industry (%) 

-0.042 
(0.043)

-0.024 
(0.03) 

Real Growth rate of MEPZ 
(%)

-0.16 
(0.078)***

-0.132 
(0.054)** 

Year -0.56 
(0.168)*

-0.51 
(0.13)* 

Observations 30 30
R-Squared 0.38 0.48
Root MSE 5.9 4.49

Key: * denotes significance at 1%, ** denotes significance at 5%, *** denotes 
significance at 10%; 1 denotes unemployment expressed as percentage of labor force

VI.  Policy Implications

For Mauritius
The importance of trade agreements in the development of the MEPZ implies that 

it was not necessarily a specific Mauritian factor, but rather contemporary economic 
conditions, that made the zone successful.  The role of the MFA and AGOA III require one 
to reassess the role of only the MEPZ in the island’s economic growth. However it should 
be noted that this conclusion is specific to Mauritius because the only distinction between 
MEPZ firms and domestic firms was possession of an MEPZ license.     
For EPZ policy

The performance of the MEPZ was largely influenced by the trade agreements, 
indicating that countries can either strategically use their trade agreements when establishing 
EPZs or simply promote their trade agreements to develop certain economic industries.    
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VII.  Conclusion

This paper is a comprehensive economic review of the MEPZ.  It finds that trade 
agreements, the MEPZ welfare fund and MEPZ labor productivity were significant in 
the MEPZ performance.  Furthermore, trade agreements focusing on textiles were only 
significant in the MEPZ’s textile performance.  These factors are not specific to Mauritius; 
many countries were not members of MFA and there are currently 40 countries under 
AGOA (U.S. House).  Given the role of trade agreements in the MEPZ’s success, one could 
state that either all EPZs can be successful if trade agreements are incorporated in EPZ 
policy making or that countries should exploit their trade agreements to spur economic 
growth.  The second objective of this paper was to quantify the effects of the MEPZ on the 
domestic economy.  It finds that two of the expected results did materialize:  the MEPZ did 
affect income growth and the unemployment rate.   

The role of trade agreements in the MEPZ’s success leads one to question whether 
Mauritius simply developed its MEPZ at the correct time as the 1970s was a period when 
competition from other markets was restricted by the MFA.  Therefore its success may not 
be due to its economic resources, but to other factors beyond its control.  Thus the MEPZ’s 
success may be temporary and the country may soon see adverse effects on the economy, 
underlining the fact that EPZs are not a sustainable development strategy.  

This paper uses data from the Mauritius Office of Central Statistics.  However, most 
country studies use specific EPZ data gathered by the author to identify more detailed, 
developed and specific aspects of an EPZ.  These include the creation of backward linkages 
or a CBA.  Therefore if more different data on the MEPZ was available, more analyses 
could be done, specifically in the non-textile sector, and potentially lead to different results 
than presented in this paper.  Therefore the dataset available for this paper was one of the 
limitations in identifying more detailed effects of the MEPZ, but it nevertheless succeeds 
in highlighting the MEPZ’s factors of success and in quantifying the relationship between 
the MEPZ and host economy.    

To conclude, the contribution of this paper is not only empirical.  True, it is narrow in 
scope as it focuses mainly on the MEPZ textile industry, and quantifies the performance 
of the MEPZ and its relationship with the host economy.  However its results question 
whether Mauritius’ development was solely due to the MEPZ and if a similar outcome 
would have occurred had textile companies been encouraged to establish their operations 
in Mauritius without the MEPZ but at the same time these trade agreements were in force.  
Although more analysis on the MEPZ can still be done, these results provide an initial 
insight into this particular zone’s performance and effects.  
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Appendix

Source :  Mauritius Office of Central Statistics; World Bank Development Indicators 

Correlation Matrix for Regression 1 
* Denotes the correlation for MEPZ Growth (%) 

 

 MEPZ  
perf. 
(%) 
(1) 

Net 
MEPZ 
growth 
(%) 
(2) 

Inv. MEPZ 
Machinery 
Growth (%) 
(3) 

MEPZ Inv. 
Raw  Materials 
Growth 
(%) (4) 

  Welfare 
Fund 
Dummy 
(5) 

Sugar Prod. 
Growth  
(%) 
(6) 

MFA 
Dummy 
(7) 

AGOA III  
Dummy 
(8) 

LC 
Dummy 
(9) 

Growth 
Main roads 
(%) 
(10) 

MEPZ 
Labor 
Prod. 
(11) 

MEPZ 
Textile Perf. 
(%) 
(12) 

MEPZ 
non-
Textile 
Perf. (%)  
(13) 

Year 
(14) 

(1) 1              
 
(2) 

 
0.34 

 
1 

            

 
(3) 

 
0.038 

 
0.25 

 
1 

           

 
(4) 

 
0.43 

 
0.19 
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0.29 
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0.055 
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-0.14 

 
0.19 
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0.37 

 
-0.66 
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1 
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0.59 

 
0.76 
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0.59 

 
-0.94 

 
0.42 

 
1 

(15)
* 
 

-0.5 0.4 -0.2 -0.27 -0.66 0.04 -0.45 0.71 -0.86 0.11 -0.73 0.92 0.35 -0.63 

 

Correlation Matrix for Regression 2 
 Real GDP 
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MEPZ Exports 
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Correlation Matrix for Regression 3 (*Denotes unemployment rate expressed as percentage 
of labor force).

Female 
U* 
(%) 
(1)

Male 
U*  
(%) 
(2)

Hotel and 
restaurant 
expansion 
(growth %) 
(3)

Transportation 
expansion 
(growth %) 
(4)

Services 
expansion 
(growth %) 
(5)

MEPZ 
expansion 
(growth %) 
(6)

MEPZ 
textile 
expansion 
(growth 
%) (7)

Year 
(8)

(1) 1
(2) 0.9 1
(3) -0.289 -0.25 1
(4) -0.26 -0.18 -0.6 1
(5) -0.19 -0.27 -0.35 0.65 1
(6) -0.78 -0.89 0.17 0.24 -0.046 1
(7) -0.42 -0.35 -0.51 -0.38 -0.08 0.41 1
(8) 0.92 0.96 -0.27 -0.2 0.23 0.6 0.76 1

Table 10:  Descriptive Statistics All Variables
Observations Mean Standard 

Deviation Minimum Maximum
Explanatory Variables
Growth Investment Machinery %) 30 17.12 7.41 1 28
Growth MEPZ Imported Raw 
Materials (%) 30 14.23 0.37 1 27

Welfare Fund (Dummy) 30 0.63 0.49 0 1
MFA (Dummy) 30 0.94 0.24 0 1
AGOA III (Dummy) 30 0.13 0.33 0 1
Lome Convention (Dummy) 30 0.78 0.42 0 1
Growth Main roads (%) 30 4.32 0.01 0 0.044
EPZ Labor Productivity 30 -0.46 7.52 -9.6 10.3
Growth Gross National Savings (%) 30 4.78 0.28 -0.68 1.04
Growth Government Expenditure (%) 30 -5.76 0.14 -03.1 -3.8
Growth Imports (%) 30 -4.38 01.89 -7.12 6.54
Growth MEPZ net exports (%) 30 7.85 8.45 -3.41 1.97
Backward Linkages (Ratio) 30 3.508126 16.16696 54.65 90.61488
Growth MEPZ Employment (%) 30 7.89 1.43 -1.34 6.53
Growth Sugar Production (%) 30 3.56 1.75 -4.65 0.53
Real Growth of Hotel and Restaurant 
industry (%) 30 3.33 0.17 -0.41 5.28

Real Growth of Transportation and 
Communication industries (%) 30 11.27 39.8 -45.9 117

Real Growth of Services Industry (%) 30 7.64 22.1 -45.45 72.2
Real Growth rate of MEPZ Textile 
Industry (%) 15 7.98 11.77 -13.4 25.12
Real Growth rate of MEPZ (%) 30 3.89 0.17 -0.097 6.45
Year 30 1990.5 59.02 1977 2006
Outcome Variables
MEPZ Performance (%) 30 52.87 16.21 21.22 75.73
Real Growth rate of MEPZ (%) 30 18.12 17.75 -9.64 64.57
MEPZ Net Growth (%) 30 -7.42 8.92 -3.41 1.97
Performance MEPZ Textiles (%) 15 7.98 11.77 -13.4 25.1
Performance MEPZ non-textiles (%) 15 14.77 1.41 12.37 16.98
GDP growth (%) 30 5.07 3.83 -10.1 16.2
Female unemployment (%) 30 11.28 6.08 2.23 20.9
Male unemployment (%) 30 10.65 6.7 2.96 19.3
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I.  Introduction

The impetus for this study is the availability of matched employer-employed data in the 
form of the Workplace Employment Relations Survey (WERS) 2004. Hamermesh (2007) 
declares that work on trade unions and productivity “could be re-examined profitably using 
matched data” and this paper will attempt to utilize this in order to advance upon earlier 
work (in particular the Brown and Medoff 1978 paper). The dataset utilizes a sample of 
2,295 establishments across a wide array of industries in the UK to match information 
collected from an establishment’s employees, management, employee representatives and 
financial performance. 

This dataset is also unique as it is the first in the series to provide a financial 
performance questionnaire (FPQ), which will help facilitate the creation of models for the 
capital-to-labor ratio and levels of productivity. Standard neoclassical theory states that 
the ratio will increase with unionization, leading to gains in productivity (Freeman and 
Medoff 1984b, pp 162-164). However, interesting counter-proposals, for example Metcalf 
(2002), suggest that the ratio may decrease if unions try to restrict capital usage in order to 
increase work for labor. This paper will model the ratio and then examine its effect upon 
an establishment’s productivity.

Interestingly, British union power has significantly diminished since the eighties; 
Pencavel (2003) attributes this to a government led initiative to increase the productivity of 
British industry. Whilst the dataset used does not account for changes over time the topic 
is worth revisiting in order to examine whether the history of an adversarial relationship 
between unions and management still exists in the UK; if it does it could be put forth 
that government policy was correct in its reasoning. However despite diminished power, 
unions are still significant in Britain and noticeably in the manufacturing sector (in the 
WERS 2004 data 36.7% of manufacturing employees belong to a union). Due to this large 
proportion and a significant history of unions in manufacturing, this paper will focus on 
this particular sector.

II.  Theory

Theoretical Impact of Unions
It is widely agreed upon that unions implement a positive wage differential, ceteris 

paribus. Booth (1995, p 82) defines the objectives of a trade union as regarding firstly the 



UNIONS, CAPITAL AND PRODUCTIVITY158

favourable adjustment of substantive rules (such as salary, length of holidays, pension plans 
etc), and secondly, procedural rules that deal with the methods in which these are negotiated 
and applied. Using a collection of previous wage studies, Booth (1995, 169) confirms 
a positive union/non-union wage differential for both the US (15%) and the UK (8%). 
Stewart’s (1980) paper also found a wage differential in the UK, but this was conditional 
on factors such as product-market competition and union-management relations. Section 
2.2.1 models wages and determines whether this hypothesis is correct using the WERS 
data. The rest of the union-productivity theory makes an implicit assumption that unions 
lead to higher wages. 

The methodology used to model productivity will closely follow that of Brown and 
Medoff (1978), who utilized the Cobb-Douglas production function and created a worker 
quality index. Later, Freeman and Medoff (1984a), and in their book (1984b), explored 
studies on unions and productivity to distinguish between “monopoly effects” and “voice/
response effects”. Whilst these and many other US studies (that used aggregated data) 
found positive union productivity effects, British results have been more ambiguous. 
Machin (1991) finds a negative relationship and attributes the difference to a contrast in 
union-management relations and cooperation. 

The monopoly effects of unions are described as the immediate impact of higher 
wages and fringe benefits brought by unionism. These are an improvement in the quality 
of workers hired in order to increase the marginal product of labor to its new marginal cost 
(from increased wages) and an increase in the capital to labor ratio to take into account 
the relatively depreciating cost of capital. Freeman and Medoff ascribe this to neoclassical 
theory stating, “unions raise wages, and management responds by increasing the capital 
intensity of its work place and the quality of its work force, which increases the productivity 
of labor” (Freeman and Medoff 1984a, p 150). 

Voice/response effects occur after the monopoly effects have taken place and concern 
changes in workplace efficiency rather than organizational changes. The term “voice/
response” is coined by Hirschman (1970) [cited by Freeman and Medoff (1984b)] and refers 
to how a union can provide a collective voice for a member’s opinions and grievances (thus 
improving working conditions). The response of a member will now differ than if they 
were not permitted a collective voice, so rather than “exiting” (quitting), changes can be 
implemented to encourage staying with the establishment; furthermore employee opinions 
may be useful in improving workplace practices. Freeman and Medoff (1984a) estimate 
positive productivity effects following reductions in job turnover due to the lower costs 
of recruitment and re-training. Furthermore unions may foster employee co-operation and 
this lack of employee rivalry may make firm-specific skills easier to obtain.

Metcalf (2002, pp 6-8) provides various reasons for why productivity may be higher 
with unions such as organizational change as a response to higher wages (the previously 
mentioned monopoly effects). Another reason may be that trade unions end up acting as 
monitoring agents for managers. Then there are the voice/response effects previously listed 
that may “improve morale, motivation and cooperation”. Also managers may become less 
complacent when unions are present, and finally, productivity may be increased if unions 
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prevent worker exploitation.
Metcalf also provides reasons for lower productivity under unions such as restrictive 

work practices and the possibility of industrial action. Negative voice/response effects may 
cause disruptions such as revolts against management instigated by a louder collective voice.  
For example it would be hard to organize strike action if each employee acts independently. 
However as Stewart (1980) mentions, establishments with restrictive unions will not last 
long in a competitive workplace, therefore there may have to be certain conditions to 
permit this to occur such as low levels of product-market competition. Also both Metcalf, 
and Freeman and Medoff make it clear that the union-productivity effect depends much 
upon industrial relations i.e. that between unions and management.

The advantages of the WERS 2004 dataset allow for a more thorough analysis and 
removes possible biases from using non-matched data. Neoclassical theory states that one 
should expect the capital to labor ratio to increase with unionization, leading to an increase 
in productivity. However this dataset will allow for the inclusion of industrial relations 
into a model and it may be possible to see whether a historically adversarial relationship 
between unions and management still exists in the UK and if it exerts negative productivity 
pressures. As a result there may be negative voice/response effects that outweigh positive 
monopoly effects.
Modeling Strategy

Productivity
The model used to determine union effects on worker productivity is from Brown 

and Medoff’s study, which modifies the Cobb-Douglas production function to reflect 
differences in union and nonunion labor.

Y = AKα (Ln + cLu)
 1-α        (1)

This first step represents the inclusion of the trade union to split labor between 
unionized and non-unionized use (Lu and Ln respectively). Elsewhere, Y=Output, K=capital, 
α=elasticity of output with respect to capital (0<α<1), and A=technical efficiency. The 
inherent difference in productivity due to unionism is represented by c, where if c>1 
unioniszd labor is more productive, c<1 if unionized labor is less productive, and when 
approaching unity the difference becomes closer to zero.

Further manipulation of the Cobb-Douglas production function involves taking logs 
and turning variables into fractions over the total amount of labor utilized:

Ln (Y/L) ≈ lnA + α ln(K/L) + (1-α)(c-1)P      (2)

This model is a useful framework for further study as it may be estimated given 
data on productivity (Y/L), the capital to labor ratio (K/L) and union density (P=Lu/L). 
Furthermore, it is simple to expand to other factors, for example location, firm level 
competition and the voice/response effects of unionism. Unfortunately the Cobb-Douglas 
production function does not allow analysis to delineate the “voice/response” mechanisms. 
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However the “monopoly” effects are captured by the capital to labor ratio and a change in 
the quality of workers hired. Therefore, any productivity differentials for the establishment 
after monopoly effects are netted out will be captured by (1-α)(c-1).  Here c-1 represents 
a positive/negative integer to determine whether unions are more/less productive. The 1-α 
function reflects the elasticity of output with respect to labor. However the presence of α on 
ln(K/L) restrains the overall function to constant returns to scale [i.e. (1- α) + α = 1].

Machin’s paper incorporates the effect that the absolute value of inputs has on 
productivity and therefore uses an adjusted version of (2) to allow for non-constant returns 
to scale. Machin’s reasoning is that in larger firms unions may be more prevalent as is 
likelihood of X-inefficiency. Therefore unions may have a greater impact in these larger 
firms.

Ln (Y/L) ≈ lnA + α ln(K/L) + (λ+α-1)lnL + λ(c-1)P    (3)

Where (1- α) is replaced by λ, allowing the absolute value of inputs to influence the 
level of productivity. Machin uses a simple econometric model to represent this function; 
here it has been adapted to represent the basic model that will be used:

Y/Ĺ = α + β1x1 + β2x2 + β3x3 + ε      (4)

Y/Ĺ indicates productivity per worker inflated by the worker quality adjustment (see 
section 2.2.2); α = the constant used to represent technical efficiency (lnA), x1 = the capital 
to labor ratio (also adjusted by worker quality), x2 = union density (measured by number of 
union members over the total workforce) and x3 summarizes other control variables, finally 
ε represents the error term. To relax the assumption of constant returns to scale, β2 is of 
functional form β2= λ0 + λ1(lnsize).

Capital to Labor Ratio
The bulk of trade union literature implicitly assumes that the capital to labor ratio will 

increase with unionization. As it is a “monopoly” effect, it is controlled for in the Brown 
and Medoff paper by including the ratio (in logarithmic measure) in the productivity model. 
Not much study has been undertaken into the establishment level determinants of the ratio; 
Spaliara (2006) takes on the task but focuses on balance sheet determinants of the ratio, 
such as level of gearing and a firm’s borrowing constraints. 

However by using the WERS 2004 data it is possible to model the ratio and observe 
the impact of unionization. By doing so, variables may be found that influence the ratio but 
are wholly unrelated to productivity; with these it will be possible to instrument the ratio 
in the productivity model and possibly solve endogeneity issues. Also we may find that 
variables that are hypothesized to be influential upon productivity have an indirect effect 
via the capital to labor ratio. Finally it will be useful to confirm the traditional monopoly 
effect; does unionization lead to an increase in the capital to labor ratio? 
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III.  Data Description

Descriptive Statistics
The Management Questionnaire provides crucial establishment data such as where 

the establishment is located, the total number of employees and questions that explore 
the management’s opinions of trade unions and level of market competition present. Such 
managerial opinion can be useful to gauge union-management relations, and regional 
information will be crucial to determine wages and the level of productivity.

The Financial Performance Questionnaire (FPQ) contains ample information for the 
dependant variables, with measurements on an establishment’s productivity (measured as 
value-added per worker) and the capital to labor ratio used. However using a value-added 
productivity measure rather than physical output may also capture the price inflationary 
effects of unionism upon productivity (Booth 1995, pp 192-193). The capital to labor ratio 
is measured by total assets over the number of workers, per establishment.

The worker quality adjustment index by Brown and Medoff effectively controlled 
worker quality in their productivity model; however they conceded that their index could be 
improved with more informative variables. The level of detail in the Survey of Employees 
(SEQ) is invaluable in creating a wage model and following this, the model will be used to 
create a worker quality adjustment index.
Union Wage Differential

Wage Estimation
Previous hypotheses use the implicit assumption that unions create a positive wage 

differential. Using data from the SEQ it can be determined whether this is the case for 
the manufacturing sector. Table 1 shows models for average hourly wages upon worker 
characteristics such as age, gender and level of education. Importantly a dummy variable is 
included to note whether the employee is a member of a union. 

Model (1.1) is the model used for further study and is defined below in equation 
(5). Model (1.2) shows a more extensive model that uses more education indicators and a 
variable on firm size but is not as precise as (1.1).

Wagei = β1Agei + β2Agei² + β3Unioni + β4Malei + β5Londoni + β6SEi + β7Qual1i 
+ β8Qual2i + β9Supervisei + ε             (5)

In comparison to the Brown and Medoff wage regressions, these models use levels 
of education rather than the simplistic observation of years of schooling and there is the 
significant inclusion of a “Supervisor” variable that measures the effect of whether an 
employee supervises other employees.

Worker Quality Adjustment
To create the worker quality adjustment, the wages model (1.1) is run again separately 

for all manufacturing sub-groups (i.e. at the two-digit level). The next step is to compute 
a predicted wage qi that is formed from the preferred wages model and a near-identical 
model that excludes the union status of an employee. This predicted wage is based on all 
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Table 1: Wages Model

employee qualities previously mentioned except for their union status.
Using the predicted wage qi, an employee’s effective hours worked is calculated by 

multiplying qi by the actual hours worked (hi) and actual wage (wi). The sum of this is then 
taken over the sum of actual earnings (hi wi). As displayed below the model differentiates 
according to what industry (k) an employee (i) is in:
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Qi can then be used to adjust the levels of productivity and the capital to labor ratio. 

Consequently these variables are now adjusted in order to keep worker quality constant. 
For example, the capital to labor ratio for an establishment will be higher than the average 
ratio if the quality of workers is higher, ceteris paribus. 

This approach deviates from Brown and Medoff’s methodology regarding how the 
worker quality adjustment is applied. Brown and Medoff measure union density as the 
“fraction of effective quality hours that are unionized” thus applying the worker quality 
adjustment to their measure of unionization rather than the capital to labor ratio or 
productivity. In this paper, union density (or “P”) is calculated as the proportion of union 
employees over the total number of employees. 

IV.  Results

Capital to Labor Ratio Model
Table 2 presents capital to labor ratio estimates where (2.1) indicates the final 

specification, (2.4) is identical but does not adjust data for worker quality and (2.2) and 
(2.3) show different estimation methods used to find the preferred specification. All models 
are estimated using OLS. The preferred model captures a small amount of the ratio’s 
variability (with an R² of 0.27) but passes the test for overall significance. Running the 
same model without adjusting worker quality significantly reduces the R² and makes many 
variables less significant. 

Regarding model (2.1), unionization is not measured on a continuous scale, but rather 
as a dummy variable representing whether an establishment is more than 50% unionized. 
The coefficient is significant at 1% and as it is positive, it conforms to the neoclassical 
framework (i.e. the capital to labor ratio increases with unionization to account for the 
depreciating cost of capital). The coefficient indicates that if an establishment is more than 
50% unionized, it will experience a 125% increase in their capital to labor ratio. Model 
(2.2) replaces this with the continuous union density variable, which is also positive and 
significant at the 1% level but reduces the overall fit of the model (Comparing R²’s of 0.27 
and 0.21).

An interesting revelation comes from effects that one would expect to find significant 
in the productivity model, the level of competition in the market and the number of unions 
in the establishment. When there are three or more unions, the ratio is reduced by 104% 
(significant at the 5% level). It is possible to hypothesize that multiple unions reduce the 
ability of the establishment to negotiate higher (and possibly more efficient) levels of capital. 
Difficulties may arise when trying to implement capital under a set of conditions that are 
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agreeable for all unions. For example, one union may agree with using a piece of capital 
equipment to improve productivity, yet another may be sternly against it as it may lead to a 
loss of only their member’s jobs. Secondly, it is found that establishments use more capital 
when facing a high degree of product-market competition [the ratio increases by 46% 
(significant at 10%)]. However it is important to note that the measurement of competition 
is self-reported and may be biased towards zero; future studies should attempt to find an 
objective measure of competition that is not reliant on opinions. Stewart (1980) found the 
union-nonunion wage differential to be dependent upon competition, as wage increases 
are harder to implement in competitive markets. Using these findings it is possible to infer 
that establishments that face competitive conditions will try to reduce costs by using more 
capital or perhaps by attempting to minimise the union-nonunion wage differential.

An interactive dummy variable was used to determine whether managers agree 
(or strongly agree) with the statement, “Unions help find ways to improve workplace 
performance” and if over 50% of the establishment was unionized (model 2.3). Although 
all union-management variables that were tested had the problem of a self-reporting bias 
(like the competition variable) the results still indicate that this factor is insignificant.

Finally, the variable for productivity was significant, indicating that a strong relationship 
will be found when the model for productivity is run. Other unreported regressions found 
that the location and sub-industry of the establishment had no significant impact.
Productivity Model

Table 3 presents estimations of the productivity model, where model (3.4) is the final 
and preferred specification. The model specification is the following:

ln(Y/Ĺ) = β1ln(K/Ĺ) + β2ln(Size) + β3UnionDensity + β4ln(size)*UnionDensity + β5London 
+ β6Eastmids + β7Publishing + β8Minerals + β9Machinery + β10Radio,TV&Comms 
+ ε            (7)

Model (3.1) shows an estimation using the core theory of the Cobb-Douglas production 
function specified in Section 1.2.1 [i.e. equation (3)]. Here, only 10% of the variability of 
productivity is captured, using only the capital to labor ratio, union density, establishment 
size and a size-union interaction term. It is  not surprising that the model fails for overall 
significance and that only the constant and the capital to labor ratio variable are statistically 
significant. Whilst indicating that the capital to labor ratio is vital to model productivity, it 
is plain to see that this model suffers from omitted variable bias. Further models (reported 
and unreported) tested variables such as establishment location, industry sub-groups, 
union-management relations and whether R&D is carried out.  Finally the models were 
experimented upon using the worker quality adjustment.

Model (3.3) attempts to gauge the effects of where the establishment is located; as 
this was found to be significant in Brown and Medoff’s US study. Model (3.3) does not 
find any dummy variables to be significant but the two variables closest to significance 
(London and East Midlands) were kept for further modelling. The same approach was 
taken to determine  the significance the establishment’s 2-digit industry group. This led 
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to the inclusion of dummy variables for the publishing and printing, mineral products, 
machinery and equipment and the radio, television and communications industries.

This procedure led to the preferred model (3.4), which explains 39% of the variability 
of productivity and passes an F-test for overall significance. The results are firmly in 
support of the neoclassical framework; as it was observed in table 2 that the capital to 
labor ratio rises with unionization, and subsequently this increase has a positive effect 
upon productivity. As mentioned in all previous literature, this positive productivity effect 
offsets the increase in labor costs i.e. higher wages (qualified in section 2.3.1). The capital 
to labor coefficient is significant at the 1% level using a t-test [deleted semicolon] and 
represents that for a 1% increase in the ratio the level of productivity will increase by 22%. 
This finding is very similar to Brown and Medoff’s model.

Possibly the most important variable is union density [“P” in equation (3)]. The model 
shows that for every 1% increase in unionization, productivity decreases by 1.9%. This 
indicates that negative voice/response effects or restrictive work practices outweigh any 
positive voice/response effects or improvements in employee monitoring. As mentioned in 
Booth (1995), many British studies have found negative results for unionization. Machin 
(1991) discovered a negative but statistically insignificant effect for unionization whilst a 
size-union interaction term was discovered to be significant and negative. Machin’s results 
indicate that unions are generally detrimental to productivity but only significantly so for 
large establishments. 

On the contrary to Machin’s results, this study finds that the size-union interaction 
term is both significant and positive (despite the singular size variable being insignificant, 
one should not assume constant returns to scale). This is surprising, as it appears that the 
union effect can work both ways depending on establishment size.

The positive-size union interaction term indicates that despite an overall negative 
effect, unions may become useful in larger establishments. An increase in size may facilitate 
union representatives to take on a supervisory role in conjunction with management. 
Having a closer relationship with members may help organize labor and work practices 
more productively. The positive effect may also be indirect, as management may become 
more aware of unions in larger establishments. Under Metcalf’s theory, management now 
realizes that work practices must become more productive to meet higher marginal costs, 
and to do so, they must implement more productive procedures and become more efficient 
in monitoring.

Model (3.2) provided surprising results. Despite previous emphasis upon the 
relationship between management and unions, this model proved management and its 
interaction with unionization to be insignificant.  Furthermore, despite the number of 
unions and the level of competition having a significant impact on the capital to labor ratio, 
these factors are insignificant upon productivity. Therefore two possible interpretations 
can be put forth. One, the standard neoclassical effects are of significance but others such 
as the number of unions, degree of co-operation and competition are irrelevant. Or these 
factors are only significant regarding the organisation of the establishment (i.e. their capital 
to labor ratio), and so have indirect effects upon productivity. 
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Finally when running the finalized model (3.4) without worker quality adjusted data; 
the results (model 3.5) changed only slightly. The R² may have been greatly improved 
but some economically significant coefficients became less statistically significant or even 
insignificant. Furthermore, the change is relevant to apply, because keeping worker quality 
constant represents one half of the neoclassical framework (an increase in the marginal 
productivity of labor to equate it to its new marginal cost).  Model (3.6) runs the data 
without the adjustment, but includes the adjustment factor as an explanatory variable. 
Whilst this once again improves the fit of the model (the R² increases from 0.39 to 0.54) it 
also makes variables of economic significance, statistically insignificant which is why this 
is not the preferred model. 

V.  Conclusions

As expected the results indicate a union-induced positive wage differential that then 
has a positive effect on the capital to labor ratio (more capital is employed relative to 
labor). An increase in the capital to labor ratio will then go on to improve productivity. 
Significantly however, the findings suggest that unionism has negative direct effects upon 
productivity. To explain this, the effects of poor union-management relationships and 
highly competitive product markets were explored.

Unfortunately, these factors were found to be statistically insignificant (likely due to 
the self-assessed reporting bias) and therefore future studies should look at these factors 
using non-biased observations. However the capital to labor ratio modeling shows that 
some relevant factors were significant only on the ratio. From this information it is possible 
to theorize that factors such as the number of trade unions per establishment may have a 
solely indirect effect on productivity [deleted comma] by firstly affecting the organisational 
structure of the establishment (i.e. the capital to labor ratio). Therefore we can now more 
precisely state that the level of competition and number of unions affect the “monopoly 
effects” of unionization rather than impacting productivity directly.

The final model also highlighted that the regional location and the industry group are 
significant upon productivity; this is not surprising given the wide scope of manufacturing 
activities and differing factor endowments in different locations (for example, London may 
have more highly skilled laborers). What is interesting to note is that the variable for the 
establishment size interacting with the level of unionization is both highly significant and 
positive. The reasons theorized for this occurrence emphasize a growing acknowledgement 
that labor costs are higher (under unions) and productivity must increase in order to 
compensate.

When running the model without keeping the worker quality constant (an essential 
“monopoly effect”) the model does not make much difference. Despite the improvement 
in capturing wage differentials, this paper (like Brown and Medoff’s) could be improved 
with a better wages model, to validate the claim that worker quality is being kept constant. 
Other improvements include finding a physical measure of productivity rather than 
value-added. Also, as previously mentioned, it is important to accurately observe union-
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management relationships, and factors such as how powerful unions are1. Therefore this 
model (like others before it) suffers from an omitted variable bias of factors that influence 
the productivity of establishments under unionization. 

However this case study of British manufacturers further corroborates the belief that 
unlike the US, British establishments experience an adversarial relationship between unions 
and management leading to a worsening of productivity. The policy implication of this 
leads to the belief that union reforms that reduced union power were required. Furthermore 
it may be required to further reduce union power, particularly in smaller establishments 
that cannot work with unions to gain positive voice/response effects.

VI.  Extensions

Alternative Hypothesis
The capital to labor ratio model revealed many indirect effects on productivity. 

Despite these variables being unsuitable to solve endogeneity (as they were correlated with 
productivity) they are suitable to instrument in order to further qualify the monopoly effect. 
To this end the preferred productivity model (3.4) was estimated using two-stage least 
squares (2SLS); where the capital to labor ratio was instrumented2 (see table 4 below). This 
method is used to try and prove with a higher degree of certainty that unionism increases 
the capital to labor ratio, which then increases productivity. In this model if the coefficient 
for the capital to labor ratio is insignificant, it could mean that this monopoly effect is 
absent.

This model and previous work in the paper allows us to state the following; unions 
increase wages and following this, the capital to labor ratio increases. However model 
(4.1) fails to prove (using a t-test at the 10% level of significance) that the union-induced 
capital to labor ratio change significantly alters productivity; despite monopoly effects 
theory stating otherwise. Therefore an alternative hypothesis can be put forth: that the only 
statistically significant effects of unions upon productivity are negative voice/response 
effects [when considering that one of the two monopoly effects is controlled for (worker 
quality)]. This theory has of course its limitations, as the low R²s in table 2 indicate that 
the capital to labor ratio modeling captures a relatively small amount of dependent variable 
volatility. Future research should attempt to more accurately model the ratio to test this 
alternative hypothesis.

1  This may affect the claim that managers can hire better quality workers (if unions are powerful in the job 
recruitment stage).
2  The instruments used were all those from the preferred capital to labor ratio model (2.1) except for pro-
ductivity; i.e. the instruments were “multi-union”, “Very High (competition)” and most importantly “Union 
Dummy”.
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Table 4: Alternative Model
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exaMininG The eConoMiC basis oF 
eThiCal veGeTarianisM

Poh Lin Tan
Princeton University

People who choose to be vegetarian for ethical reasons often believe that 
their choice has a small but positive impact on the welfare of animals.  
This paper examines the main economic arguments that are widely used in 
support of this belief as well as competing theories that claim that ethical 
vegetarianism, in fact, leads to more animal suffering.  Using national 
chicken and pork production data from the United States Department of 
Agriculture and household-level expenditure data, I provide some estimates 
of the elasticity of quantity of each meat type produced to changes in 
consumer expenditure on it.  The data suggest that elasticity of supply is 
positive and smaller than unity, and that values are larger when the changes 
in expenditure are negative.  On the other hand, there is little evidence to 
support the rival hypothesis that ethical vegetarianism results in greater 
animal suffering.
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The eFFeCT oF KinderGarTen on 
hiGh sChool PlaCeMenT: 
The GerMan exPerienCe

Dominique Shure
Georgetown University

I.  Introduction

Does early education matter in life? If so, how can we measure its benefits? These 
are the questions facing education economists who want to research the returns of early 
education programs. Early education programs allow children their first formal opportunity 
for socialization and promote academic skills, such as reading and speaking. Does learning 
such skills at an early age actually make a difference in later success? While most academics 
would agree that education is important, measuring its long run benefits is no easy task. 
This is especially true when trying to correlate early education with a future outcome, such 
as wage earnings at age thirty. In most cases, economists lack the data to try and measure 
such effects. This does not imply, however, that early education programs do not affect 
long run outcomes. 

In this paper, I will show that attending Kindergarten in Germany has long-term 
positive effects on the type of secondary school a student attends. It should be noted that 
when I use the term “Kindergarten,” I am referring to German nursery school and not the 
American concept of “kindergarten.” Kindergarten in Germany is voluntary and is designed 
for children aged 2-6. Most Kindergartens in Germany are not state-run and generally 
do charge a small tuition fee. Once children in Germany turn 6, they begin mandatory 
schooling in first grade. Research on the returns to early education in Germany has been 
limited and inconclusive.  Building upon a study by Speiss et al. (2003), I will use the 
same survey-based, micro-level data set to show that students who attend Kindergarten in 
Germany have a higher chance of attending one of the two elite forms of German public high 
school. I will expand upon their work in two main ways: first, by increasing their relatively 
small sample size and then, by attempting to control for unobserved heterogeneity between 
families. Through a variety of econometric methods and tests, I will show that Kindergarten 
attendance does have a statistically significant and positive impact on placement at either 
a Gymnasium (the most elite form of high school in Germany) or a Realschule (the second 
most prestigious form).1

1  In Germany, there are four types of secondary schools to which a teacher may recommend a student: 
Hauptschule, Realschule, Gymnasium, and Gesamtschule. The Hauptschule is the lowest level of second-
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II.  Literature Review and Theoretical Motivation

One of the most important concerns in making education policy is the return the 
individual student gains from his education. Within the economics of education, economists 
and policy makers pay special attention to the returns of secondary education or college 
attendance and tend to pay less attention to the returns of early education. On the practical 
level, however, some economists do attempt to measure the return of early education by 
estimating the effect of attending kindergarten (or preschool) on some future outcome (i.e. 
whether or not a person attends college or how much his future wages are). 

In this paper, I attempt to achieve a similar goal as the previous works in the field, 
but with an application in the German context. Building upon Spiess et al. (2003), I will 
similarly ask if attending Kindergarten in Germany increases the probability of attending 
an elite form of German public high school. Here attending Gymnasium or Realschule 
may be seen as a proxy for the long-term benefits of attending Kindergarten. I chose 
to examine this proxy for two main reasons. First, the type of high school a student in 
Germany attends ultimately determines if and where he will be able to attend university. 
Going to Gymnasium and receiving the Abitur (the diploma a student earns at Gymnasium) 
is the only means of entrance to a university. Attending a Realschule will, however, allow 
a German student to study at a technical college. This means that looking at high school 
placement gives a good idea of what a student might be doing post-secondary education. 
The second reason I chose to use secondary school placement as a proxy for future success 
has to do with the construction of my data set. The survey level data set that I use asks 
parents to answer questions about their children’s education up until age sixteen. Once a 
child turns seventeen, the data set no longer includes information about him. I do not have 
the ability such as Schweinhart et al. (1998) to investigate the impact of early education 
on future wage earnings. High school placement was also the proxy utilized by Spiess 
et al. (2003). Using the German Socio-Economic Panel data set (the GSOEP), Spiess et 
al. (2003) attempt to demonstrate that attending Kindergarten in Germany increases the 
probability of attending the two most elite forms of high school; however, they do not find 
statistically significant results to support their hypothesis.

 In this paper, I attempt to address two possible reasons that Spiess et al. (2003) did 
not find significant results: a limited sample size and an endogeneity problem. Dealing 
with an endogeneity problem is one of the largest challenges within the scope of analyzing 
returns to early education. It is important to note that the endogeneity problem present in this 
literature is not a simultaneous equations problem. While Kindergarten might impact high 
school placement, high school placement does not impact Kindergarten attendance. Here 
ary schooling and has an emphasis on vocational training; the Realschule is the middle or intermediate 
level of secondary schooling and focuses on preparing students for either a vocational school or a business 
oriented school; the Gymnasium is the most elite of the four forms and provides the opportunity to earn the 
degree called the Abitur that serves as the means of entry into the university system; and the Gesamtschule 
is the newest form of secondary school, provides all three forms of schooling in one building, and is most 
similar to an American high school (Robelen, 2005). Without the completion of the Abitur, it is impossible 
to enter a German university; however, the completion of the Realschule may allow for study at a technical 
or vocational university. 
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the endogeneity problem lies in unobserved heterogeneity. This unobserved heterogeneity 
occurs between both children and their families. Perhaps some children are just more 
naturally gifted than others. In this study, however, I am only able to control for potential 
differences between children based on sex. An ideal control variable would have been an 
IQ test score, but my data set did not include information about this. For this reason, the 
rest of my paper will deal primarily with the unobserved heterogeneity between families. 

All studies that deal with voluntary early education programs must take into 
consideration that the students who attend such programs may have other characteristics 
that contribute to their future success. A potential difference may lie in unobserved 
heterogeneity between families and might include measures of socio-economic status such 
as parents’ income and parents’ education level; however, it might also include some non-
measurable factors, such as a high valuation of education within the family. The paper 
by Spiess et al. (2003) attempts to control for this “selection problem” by incorporating 
covariates for socio-economic status; they openly acknowledge, however, that this may 
not be enough to account for the unobserved heterogeneity. The goal of this paper, then, 
is to build upon the work completed by Spiess et al. (2003) by attempting to find solution 
measures for its selection problem. 

In order to control effectively for an endogeneity problem, several routes may be 
taken. The first of these uses covariates to control for omitted variable bias. Spiess et al. 
(2003) used this methodology by attempting to control for family characteristics such 
as household size or income. I will attempt to implement this methodology as well, first 
by replicating the Spiess et al. (2003) model and then, by introducing a dummy control 
variable that measures whether or not a child’s sibling went to kindergarten. Introducing this 
dummy variable is a way to control for unobserved family characteristics that controls such 
as income and maximum education of the parents might miss. Perhaps the sibling attended 
Kindergarten because the family values education highly or because other members of the 
family (i.e. parents, cousins, aunts, grandparents) all attended Kindergarten. This variable 
could simply also capture the fact that the family lives close to a Kindergarten. Whether or 
not the sibling attended Kindergarten has the potential to capture many different levels of 
unobserved family characteristics; in my results section, I will continue this discussion with 
several other possibilities. Using this dummy variable as a control for unobserved family 
characteristics may lead to statistically significant results for the coefficient measuring 
Kindergarten attendance for the child of interest. 

A second method to control for unobserved heterogeneity between families is to 
introduce family fixed effects into the regression. Currie (2001) utilizes this method in her 
analysis of the Head Start program. She introduces family fixed effects into her regression 
in order to account for variation in high school retention rates that might not be caused by 
kindergarten attendance, but rather by differences between families. Spiess et al. (2003) do 
not attempt to introduce family fixed effects because of constraints within their data set. In 
order to avoid facing the same problem, I will increase the number of years and children 
being analyzed by Spiess et al. (2003) and therefore, increase the sample size and degrees 
of freedom of the model. Introducing family fixed effects might also lead to statistically 
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significant results for the effects of attending Kindergarten on high school placement. 
A third potential method for controlling for an endogeneity problem is to undertake a 

difference-in-difference analysis. In this case, the difference-in-difference analysis would 
focus on the children who attended Gymnasium or Realschule. Essentially, this would 
compare the effect of attending Kindergarten versus not attending, while also taking into 
account the sibling’s Kindergarten attendance. This methodology would be able to separate 
the effect of having a sibling attend kindergarten (the unobserved family characteristics) 
from the effect of the child of interest attending Kindergarten himself. Currie (2001) 
undertakes similar methodology in order to analyze the effect of having an older sibling 
who attends Head Start, another form of preschool, or no early education program on 
the younger siblings’ future educational achievement. Building upon this literature, I will 
use difference-in-difference analysis to show that the effect of attending Kindergarten is 
significant and different from the effect of family background. 

Another way to control for the endogeneity problem is to create an instrumental variable 
for Kindergarten attendance. I do not attempt to create an instrumental variable in this 
paper due to the underlying complexities and problems associated with this methodology. 
Creating instrumental variables is really more of an art than a science. It proves difficult to 
find a successful instrument that is correlated with the independent variable of interest, but 
not with the error term. Within the realm of education economics, instrumental variables 
have, however, been introduced to help control for the selection problem in early education. 
Angrist and Krueger (1992) used the birth date of a child in relation to the cut-off age 
for school enrollment as an instrument for attending an early education program. This 
instrument has proven popular within the education literature and has been applied in the 
German context as well by Fertig and Kluve (2005) and Puhani and Weber (2006). This 
instrument will not be investigated within the context of this paper, however, due to the fact 
that the GSOEP data set only asks parents for the birth year of their children.   

My second addition to the work completed by Spiess et al. (2003) lies in my extension 
of their sample size. Their study examined only about three hundred children. Because 
they wrote their paper five years ago, they did not have access to the same range of data 
that I use. I extend the number of years examined by Spiess et al. (2003) since their limited 
sample size might be an explanation for their insignificant results. 

Drawing on sources of previous work from within the field of education economics 
and beyond, I will fuse a variety of techniques into a cohesive attempt to show that 
attending Kindergarten in Germany increases the probability that a child will attend either 
a Gymnasium or a Realschule. 

III.  Data and Methodology

 As previously mentioned, I will use the GSOEP data set to replicate and build 
upon the methodology undertaken by Spiess et al. (2003). The GSOEP is one of the most 
thorough panel data sets in existence and spans the years 1984 to the present. Every year, 
the German Institute for Economic Research (DIW) interviews members of approximately 
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11,000 households about a plethora of issues.2 These issues range from questions about 
the physical characteristics of the respondent’s house to questions about the respondent’s 
children. The adults interviewed answer questions about their children until the children 
reach the age of 16. 

Based upon the parents’ responses to questions about what kind of schooling their 
children are enrolled in, I was able to use dummy variables for both Kindergarten and high 
school attendance. The dummy variable for Kindergarten attendance indicates whether or 
not a child ever attended an early education program, while the dummy variable for high 
school enrollment indicates whether or not the child attended one of the two elite forms of 
high school or not. 

I additionally use variables to control for child and family characteristics. This 
included the child’s sex, the size of the household, the education level of the parents, 
the net labor income of the household, and the nationality of the family. For the variable 
controlling for child’s sex, all boys are coded with a value of one while all girls receive a 
zero. The size of the household simply represents the number of people living together in 
one house. It should be noted that I am only looking at families with two or more children 
since my additional control variable deals with the sibling’s early education. This means 
that the smallest household used in my sample is three (two children and one parent). To 
control for the education level of the parents, I used the highest education attained by any 
adult member of the household measured in years of schooling. Even if the adult with the 
highest education level was not the parent of the child in question, his very presence in the 
house may have positive spillover benefits. Net labor income of the household sums the 
yearly income of all adults living in the household minus taxes. The variable for nationality 
assigns a one to all German nationals and a zero to all non-German nationals. This helps 
differentiate the effect of going to an elite form of high school between native Germans 
and those students who are either immigrants to Germany or children born in Germany to 
immigrant parents.3 In using these variables, I attempt to control for characteristics that 
may also affect the high school placement of a child. 

One major difference between the Spiess et al. (2003) paper and mine lies in the 
sample size. Spiess et al. (2003) examined only children who were aged 14, and therefore in 
high school, in 1994. This meant that all of the children in their data set were 4 years old in 
1984 (the year the survey began) and therefore, potentially enrolled in Kindergarten. While 
the Spiess et al. (2003) paper claims to use ten years of data, they really only examine one 
cohort of children at two specific points over the whole ten years: in 1984, to see whether or 
not the child was attending Kindergarten and in 1994, to see what form of high school the 
child was attending. Given this restriction, it should come as no surprise that their sample 
only included 316 children. In this paper, I increase the sample size to include children 
who may have been in high school any time between 1994 and 2005. I am able to do this 
2  The version of the GSOEP I use in this paper spans the years 1984 to 2005 and is the 95% international 
use version.
3  In Germany, neither children who immigrate to Germany from another country nor children born in Ger-
many to immigrant parents have German citizenship. This is because the concept of citizenship in Germany 
is based upon jus sanguis (blood ties to Germany). 
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because I am writing my paper five years later and have access to newer data. This means 
that the children in my sample could have potentially been enrolled in a Kindergarten 
at any time between 1984 and 1995. Increasing the sample to include eleven cohorts of 
children allowed me to increase the sample size to 6,338 children. As previously stated, this 
sample only includes children with at least one sibling. 

The descriptive statistics for my sample may be found in Table 1. Approximately 61% 
of the 6,338 children in my sample attended one of the two elite forms of high schools. Of 
the total number of children included, 60% attended Kindergarten and 67% had at least 
one sibling who attended Kindergarten. The average household size was 4.8 people and 
the average net labor income per household was 2,867 Euros.  The mean highest education 
of an adult living in the household (could be either mother or father) was 12.8 years.  
Approximately fifty percent of the sample was male and the other 50% female.

As demonstrated in the literature review much of the methodology undertaken in 
this paper comes from previous works. First, I will show that a statistically significant 
difference exists between children who attend Kindergarten and have siblings who also 
attend Kindergarten and those that do not, when looking at the group of students that 
attends one of the two elite forms of high school. I will conduct this analysis using a 
difference-of-means test and a test of differences. Then I will begin with the regression 
analysis. Since I am building upon the methodology undertaken by Spiess et al. (2003), I 
will first attempt to replicate their results using the model:

elite high schools = b0  + b1Kindergarten + b2child_sex + b3household_size                  (1)
 + b4income + b5parents_edu + b6nationality

This approach will not perfectly replicate what they did, as I did not have their exact data 
set or specific empirics, but will come close.

I will continue with the regression analysis in an attempt to find a statistically 
significant relationship between attending Kindergarten and high school placement. First, 
I will increase the sample size by extending the number of years included and then run 
the same specification as Spiess et al. (2003). Then, in order to control for a potential 
endogeneity problem, I will run the same model, but include a dummy variable for whether 
or not at least one sibling of the child in question attended Kindergarten as an additional 
covariate:

elite high schools = b0  +b1Kindergarten + b2Sibling_Kindergarten + b3child_sex         (2)         
+ b4household_size + b5income + b6parents_edu + b7nationality                          

I will also run the same model again, but with the introduction of an interaction 
term for Kindergarten attendance of the child in question and Kindergarten attendance 
of his sibling. Finally, I will run two different family fixed effects regressions in order to 
see if other potential differences between families might be playing a significant role in 
determining high school placement. 
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Other than the family fixed effects regressions, all the regressions I use follow the 
linear probability model. There are several main reasons for taking this approach. A standard 
ordinary least squares regression assumes that the variance of all observations is constant. 
This is not the case when dealing with a binary dependent variable and probabilities. 
Another option to measure the probability of attending an elite high school would have 
been to use a non-linear model. Given the fact, however, that many of my independent 
variables are also binary, the difference between a linear probability model and a probit 
regression, for example, is very small. In order to use a linear probability model in praxis, 
I run generalized least squares (GLS) regressions. I also use one ordinary least squares 
regression with robust standard errors, as this is an alternative method of implementing a 
linear probability model.

IV.  Results

The first step in the methodology of this paper was to show that going to Kindergarten 
makes a difference on high school placement. A difference-of-means test shows that more 
children who attended Kindergarten ended up going to one of the two elite forms of 
high schools, 62.4% versus 57.5% (see Table 2). The difference in the means of the two 
groups of children is statistically significant and confirms the idea that attending an early 
education program is correlated with attending a good high school; however, it is still too 
early to discuss a causal relationship. We should always be wary not to give too much 
weight to such results as they might be biased by the problems of omitted variable bias 
or endogeneity. Perhaps students who attend Kindergarten come from families who value 
education and therefore, end up going to a better high school. This might negate the actual 
benefit provided by Kindergarten. Still, finding a significant difference of means proves 
there is something here to investigate.  

 One way to account for this potential problem is to use difference-in-difference 
analysis. I divided all students who went to one of the two elite high schools across two 
main categories: whether or not they went to Kindergarten and whether or not they have a 
sibling who went to Kindergarten (see Table 3). In dividing the children based on whether 
or not their sibling went to Kindergarten, I am attempting to control for unobserved family 
characteristics (i.e. how highly a family values education). This division creates four groups 
of students for which we can test the difference in means. The results of the difference-
in-difference analysis shows that going to Kindergarten does make a difference in the 
percentage of students that attend an elite form of high school. Surprisingly, my results 
show that attending Kindergarten increases the probability that a student will attend an 
elite form of high school by approximately 12% for those students who come from families 
where at least one other sibling attended Kindergarten. The difference that attending 
Kindergarten made for students from families that send their sibling to Kindergarten was 
negative and around -4%, but did not prove statistically significant. These results seem to 
support the idea that Kindergarten does make a difference in the future outcome of a child’s 
education, but that its positive benefits work more strongly for children from families that 
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already value education. It might be the case that children that come from families with 
unobservable characteristics that foster education are able to make better use of the skills 
they acquire in Kindergarten. Perhaps they have the opportunity to practice reading and 
writing at home. I will further explore this idea through my regression analysis. 

The results of the difference-in-difference test may also be observed in the coefficients 
of Regression 7. Despite the fact that the coefficient for Kindergarten attendance was 
negative and not statistically significant, when I ran a joint significance test for all three 
coefficients added together, I found that the result was significant at the 10% level. This 
again implies that students who attend Kindergarten and have a sibling that attended 
Kindergarten are more likely to attend either Gymnasium or Realschule.

The next goal of this paper was to replicate the methodology used by Spiess et al. 
(2003). The results of my attempt to mirror their methodology may be found in Table 4, 
Regression 1. Using similar covariates to Spiess et al. (2003), I obtain a similar sample size 
and also find that the coefficient for a child’s Kindergarten attendance has no statistically 
significant relationship with the dependent variable, elite high school attendance; it is also 
negative. The smaller sample size in this regression should be attributed to the fact that 
I am only taking the year 1994 into consideration. Although my methodology may not 
exactly replicate theirs, I reach similar findings. 

The lack of statistical significance in the relationship between Kindergarten and school 
placement in the Spiess et al. (2003) specification prompted to me to move further with the 
regressions analysis. I began by extending the number of years in the sample; now I took 
all children who were in high school and aged 14-16 at some point between 1994 and 2005 
into consideration. When I ran the same regression as before, but with the new extended 
sample, the results proved very different. In Regression 2, the coefficient for Kindergarten 
attendance became significant at the 1% level with a positive value (Table 4). This positive 
value of approximately 0.043 indicates that children who attend Kindergarten are 4.3% 
more likely to attend one of the two elite forms of high school than those who do not. Several 
other variables in the regression also prove to have statistically significant relationships 
with the probability of attending an elite high school. Child sex is significant at the 1% level 
with a coefficient of -0.088, indicating that boys are 8% less likely to attend an elite high 
school than girls.  Education level of the parents has a positive, significant coefficient in this 
specification. Household size has a negative coefficient, pointing to the possible explanation 
that children from a larger family might receive less individualized attention and this could 
harm their academic growth; however, this coefficient is not statistically significant. The 
family’s income has a coefficient close to zero and is statistically insignificant. One of the 
most intriguing results of this regression shows that being a German citizen increases the 
probability of going to an elite high school by approximately 20%.  Overall, these results 
confirm my hypothesis that attending Kindergarten should have a positive impact on future 
success, attending an elite high school. They do not, however, account for the “selection 
problem.” 

Despite finding a significant relationship between Kindergarten and high school 
placement, the task of dealing with the potential endogeneity problem still remains. My 
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approach in doing this lies in the introduction of the dummy variable for the sibling’s 
Kindergarten attendance as an additional covariate. This variable takes on a one if the 
child has at least one sibling who attended Kindergarten and a zero if none of his or her 
siblings attended Kindergarten.4 When introduced as an additional covariate into the base 
specification with the extended sample, the coefficient for the child’s own Kindergarten 
attendance retains virtually the same magnitude, but only becomes significant at the 5% 
level (Table 4, Regression 3). The coefficient for the sibling’s Kindergarten attendance is 
positive, but very close to zero. It is also not statistically significant. The other coefficients 
in the regression remain almost entirely unchanged between Regression 2 and Regression 
3. Controlling for unobserved heterogeneity in this context is not easy and in this case, 
sibling’s Kindergarten attendance does not effectively do this.

In Regression 4, I introduce the interaction term between Kindergarten attendance 
and sibling’s Kindergarten attendance to the other covariates from Regression 3. The 
results of doing this prove rather different from Regressions 2 and 3. Here Kindergarten 
attendance becomes insignificant and is negative, while sibling’s Kindergarten attendance 
remains positive and insignificant. Interestingly, the coefficient of the interaction term is 
positive and significant at the 5% level with a value of 0.107. This means that students 
who attend Kindergarten and also have a sibling who attends Kindergarten are almost 11% 
more likely to attend an elite high school. This result reiterates the results of the difference-
in-difference test performed earlier. Going to Kindergarten matters more if the student 
comes from a family that has sent another child to Kindergarten.

In a final attempt to test the validity of my hypothesis, I ran two separate family fixed 
effects regressions. In running these regressions, I was trying to account for all the potential 
differences between different families that might be affecting high school placement. 
I thought that since some family characteristics are difficult to observe (such as drive, 
ambition, valuation of education, etc.), family fixed effects would give me the opportunity 
to control for all the factors I may have overlooked in my regression analysis. Neither 
family fixed effects regression produced significant results for Kindergarten attendance 
(Table 4, Regressions 5 and 6). The coefficient for Kindergarten became insignificant with 
the introduction of family fixed effects, as did other variables in the specifications. Spiess et 
al. (2003) did not attempt to use fixed effects due to their small sample size; however, even 
with my extended sample size, fixed effects did not shed any new light on my hypothesis. 
It is possible that the reason the family fixed effects regressions did not produce significant 
results lies in the low degrees of freedom. Introducing a dummy variable for each family, 
when most families only have two children, lowers the degrees of freedom of the model 
significantly. 

Overall, the regression analysis I used seemed to support the general findings from the 
difference-in-means and difference-in-difference tests: going to Kindergarten does increase 
the probability that a student will attend one of the two elite forms of German high school. 
While some regression results did not support this hypothesis, my two main specifications 
(Regressions 2 and 3) both produced a statistically significant, positive coefficient. Even 
4  Because the sample has been restricted to include only children from families with two or more children, 
everyone in the sample has at least one sibling. 
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when Kindergarten was not significant, more often than not, it was still positive. These 
results seem to point in the direction that attending Kindergarten does have a statistically 
significant and positive affect on future schooling outcomes. 

V.  Robustness and Potential Problems

The first area of concern in my regression analysis was the small and insignificant 
coefficient for the income variable. Generally, we would think of income as being highly 
correlated with educational success. In order to check the robustness of my methodology, 
I dropped the outlier income observation (the 79,999 Euro income) and re-ran all of 
the specifications. The results were essentially identical even though the outlier income 
observation had been dropped; all children remaining in the sample came from families 
that had net labor incomes of less than 25,000 Euros.  

Perhaps there is something else going on with regards to income and Kindergarten 
attendance. Historically, Kindergarten attendance in East Germany was very high. 
Culturally, this was a big part of their education system and female liberation. Women 
who were mothers were encouraged to send their children to Kindergarten so that they 
could work full time. In West Germany, however, sending children to Kindergarten was 
sometimes associated with the stigma of having to work. This might mean there is a reverse 
bias between having money and sending children to Kindergarten. Perhaps in this case, 
Kindergarten may be seen as negative rather than positive.

Another area of concern in my methodology lies in the insignificant results of having 
a sibling attend Kindergarten. I had hoped that sibling Kindergarten attendance would 
control for some unobserved heterogeneity between families. There are several possible 
explanations for why this might not have worked quite as expected. I was only controlling 
for whether or not any sibling in the family attended Kindergarten; it may have been more 
meaningful to compare older siblings’ Kindergarten attendance. Perhaps young parents are 
still finding their bearing as parents with their first child and therefore become better parents 
the second time around. Also, it is possible that as parents age, they earn more money and 
are then able to send their children to a better Kindergarten or to Kindergarten at all.   
Because the results concerning nationality were so pronounced in each specification, it 
could also be the case that immigrants to Germany do not understand the education system 
as well as native Germans and therefore, might only send their younger children once they 
have adapted to the new cultural norms and surroundings. 

My methodology was also limited by my lack of controls for heterogeneity between 
children. Some children are naturally smarter than others and this might be why they end 
up going to a better high school. Not having a measure of initial intelligence, like an IQ test 
or measures of how much a child likes school, might have biased my results. Because the 
GSOEP does not ask many questions about child characteristics (other than age and sex), 
it was not really possible to incorporate such factors. 

Despite these potential shortcomings, my results still point to a positive and statistically 
significant relationship between going to Kindergarten and future success (i.e. attending a 
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good high school). 

VI.  Policy Implications

Researching the returns to early education programs obviously has many practical 
policy applications. In light of Germany’s poor performance on the Organization for 
Economic Cooperation and Development’s (OECD) Program for International Student 
Assessment (PISA) tests, educational reform has taken on a central role in the political 
discourse. Because Kindergarten in Germany is not mandatory, the German population 
underuses it. Only 10.2% of children age three and younger attend Kindergarten in Germany 
and for many children, their entrance into Grundschule is their first experience in formal 
education (German Federal Ministry of Education and Research). My results have shown, 
however, that attending Kindergarten in Germany has the power to significantly increase a 
student’s chances of attending either Gymnasium or Realschule. If the German government 
wants to improve its test scores and foster strong human capital development, then its 
policy focus should be one making early education programs accessible to as many students 
as possible. This could mean either making them part of the mandatory state run public 
education system or drawing in more potential students through scholarship programs and 
media campaigns. At the same time, sending everyone to Kindergarten would not mean 
that every student would be able to attend either Gymnasium or Realschule. I used high 
school placement as a proxy for future success, but it is not the only way to measure 
success. Since I have shown Kindergarten attendance to have a positive effect on high 
school placement, perhaps attending Kindergarten also has other long-term positive effects 
on success. More studies would have to be undertaken in order to validate this claim, but 
there is reason to investigate it. 

The results of the difference-in-difference analysis showed that attending Kindergarten 
only made a statistically significant difference for students who also had a sibling attend 
Kindergarten. While I interpreted having a sibling that attended Kindergarten as coming 
from a family with unobserved characteristics that makes them value education, it might 
not be as easy in the real world to evaluate this. Does coming from a family that values 
education mean coming from a family of higher socio-economic status? Not necessarily. 
Some might argue that families of lower socio-economic status, but with a lot of drive and 
ambition might also highly value education.  While these results seem to show that the 
German government should target their policies at this group of children, it might be very 
hard to identify this constituency. 

Overall, however, the returns that a student can gain from attending Kindergarten 
in Germany prove large enough that German parents should take advantage of it for their 
children.

VII.  Conclusion

The long-run effects of early education programs may be difficult to measure and 
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explain. In this paper, I attempted to show that in Germany’s case, its form of early education 
programs does have a statistically significant and positive effect on secondary education 
placement. Through a series of econometric analyses and tests, I have demonstrated that 
under varying conditions this hypothesis remains true. Within education economics, the 
problem of the “selection bias” and unobserved heterogeneity remains a persistent concern. 
My attempt to introduce a new instrument into the work of Spiess et al. (2003) may not 
prove to be the optimal solution, but it does contribute something new to their results. The 
two main concerns within my methodology, over the income variable and the strength 
of my instrument, must be further investigated in order to strengthen the findings of this 
paper. Of course, the fact that this paper focuses on Germany and its unique school system 
might limit its application in other developed countries that do not use a “tracked system,” 
or one with different tiers of secondary schools. In the larger context, however, the positive 
findings in this paper should increase the focus on studying early education programs in 
other settings. 

The implications of early education reform in Germany (and in other developed 
countries around the world) should prompt its policymakers to take action and increase 
access for all students. Within education economics, the debate and study of how to best 
measure the returns of early education should continue to promote new and innovative 
techniques. 
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Table 1: Summary Statistics

Variable Number of 
Observations Mean Standard 

Deviation
Minimum 
Value

Maximum 
Value

Dependent Variable:
Attendance at an elite form 
of high school 6338 0.605 0.488 0 1

Independent Variables:
Kindergarten Attendance 6338 0.601 0.489 0 1
Sibling’s Kindergarten 
attendance 6338 0.674 0.468 0 1

Child’s Sex 6337 0.503 0.500 0 1
Household Size 6338 4.754 1.174 3 13
Family’s Net Labor Income 5970 2867 2202 0 79999.99
Highest education attained 
by adult in household 
(years)

6316 12.8 2.75 7 18

Nationality 6337 0.854 0.354 0 1
Interaction Term 
(Kindergarten and Sibling 
Kindergarten Attendance)

6338 0.558 0.497 0 1
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Table 2: Difference of Means

Fraction of children who attended either Gymnasium or Realschule

Number of 
Observations Mean Standard Deviation

Kindergarten = 0 2527 0.575 0.494

Kindergarten = 1 3811 0.624 0.484

Difference -0.049a

Notes: A superscript of “a” denotes significance at the 1% level, “b” at the 5% level, and “c” at the 10% 
level.

Table 3: Difference-in-Difference

Fraction of children who attended either Gymnasium or Realschule

Child Did Not Attend 
Kindergarten

Child Did Attend 
Kindergarten Difference

Sibling Did 
Not Attend 
Kindergarten

0.60 0.56 -0.04

n 1794 269
sd (0.489) (0.497)

Sibling Did Attend 
Kindergarten

0.51 0.63 0.12a

n 732 3542
sd (0.500) (0.483)
Difference -0.09 0.07 -0.16a

Notes: Gymnasium and Realschule represent the two top tier forms of German high school. Kindergarten is 
the German word referring to nursery school early education programs. 
A superscript of “a” denotes significance at the 1% level, “b” at the 5% level, and “c” at the 10% level.
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Table 4: Regression Results

Attendance at 
an elite form of 
high school

(1) (2) (3) (4) (5) (6) (7)

GLS GLS GLS GLS FE FE OLS

Kindergarten 
Attendance 

-0.05
(0.05)

0.043a

(0.013)
0.042b

(0.018)
-0.034
(0.034)

0.04
(0.058)

0.04
(0.058)

-0.04
(0.032)

Sibling’s 
Kindergarten 
attendance

0.002
(0.019)

0.034
(0.023)

-0.00002
(0.055)

-0.0003
(0.055)

-0.091a

(0.038)

Child’s Sex -0.167a -0.088a -0.088a -0.088a -0.056a

(0.048) (0.01) (0.013) (0.013) (0.013)
Household Size -0.091a -0.048 -0.048a -0.047a 0.01

(0.019) (0.004) (0.006) (0.006) (0.013)
Family’s Net 
Labor Income

0.00004c

(0.00002)
-5.01e-07
(2.38e-06)

-5.10e-07
(3.22e-06)

2.12e-07
(3.22e-06)

Highest 
education 
attained 
by adult in 
household 
(years)

0.056a

(0.01)
0.056a

(0.002)
0.056a

(0.002)
0.055a

(0.003)

Nationality 0.138b 0.201a 0.20a 0.199a

(0.066) (0.02) (0.02) (0.19)
Interaction 
Term 
(Kindergarten 
and Sibling 
Kindergarten 
Attendance)

0.107b

(0.04)
-0.086
(0.061)  0.158a

(0.038)

Constant 0.272 -0.013 -0.014 0.146 0.629 0.658 0.601
(0.164) (0.046) (0.046) (0.038) (0.04) (0.099) (0.012)

Observations 399 5952 5952 5952 6337 6337 6337

R2 -- -- -- -- 0.775 0.776 0.006

Root MSE -- -- -- -- 0.279 0.278 0.488

Notes: A superscript of “a” denotes significance at the 1% level, “b” at the 5% level.
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I.  Introduction 

Agricultural subsidies in developed countries tend to encourage high production, in-
creasing total world supply and lowering prices. In the case of cotton, heavy U.S. subsidies 
are thought to depress the world cotton price, lowering the incomes of cotton producers in 
developing countries, including those in West and Central Africa. Differences in the cot-
ton sectors of the U.S. and West Africa may provide some explanation for the very low 
prices that West African cotton producers receive, as domestic policies may lower farm-
ers’ income regardless of changes in the world price. Furthermore, it is very likely that 
West African farmers are less responsive to changes in world price than farmers in other 
regions with more competitive markets. Very low supply elasticities indicate that increases 
in world price may increase incomes much less than policy changes in their own countries. 

This paper concentrates on the impact of policies in the West African countries of 
Burkina Faso, Benin and Mali. In addition, this paper explores the market distortions in 
those countries caused by high taxes on farmers as well as the influences of state-controlled 
cotton industries in each country. To varying degrees, both U.S. cotton subsidies and do-
mestic government intervention harm cotton producers in West Africa.

In this paper, I first provide a summary of relevant research on this topic, as well as 
an overview of cotton subsidy programs in the United States and complaints brought to 
the World Trade Organization by developing countries against these subsidies. I will also 
provide an overview of the cotton sector of both West Africa as a region and the indi-
vidual countries studied. An analysis of price data, environmental conditions, and govern-
ment policy yields results that attempt to explain production decisions in each country. 
Extremely low or insignificant coefficients for elasticity suggest that changes in supply do 
not reflect changes in the prices received by cotton producer in Benin, Burkina Faso and 
Mali. Rather, the supply in the previous year and the amount of available arable land seem 
to explain variations over time and across countries in the supply of cotton. 

II.  Review of Previous Literature

Anderson and Valenzuela (2007) estimated the impact on Sub-Saharan Africa if all 
cotton subsidies and import tariffs were removed. They used a neoclassical, multi-regional, 
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static, applied general equilibrium model developed by the Global Trade Analysis Project. 
They predicted that eliminating all cotton subsidies and import tariffs would boost global 
economic welfare by $283 million per year and would raise the world price of cotton by 
12.9%. Incomes of farmers in Chad, Burkina Faso, Benin and Mali could increase around 
40% as a result of worldwide cuts of domestic support programs.1 

Fadiga, Mohanty and Pan (2004) used a stochastic simulation approach to examine 
the effects of removing U.S. farm subsidies on the export earnings of cotton-producing 
countries in West and Central Africa. Their results indicate that the removal of U.S. cotton 
subsidies would lead to a moderate increase in world cotton prices, but that these effects 
would decline in the following years as the world market adjusts to the new supply and de-
mand. However, export earnings in West and Central Africa would still increase as a result 
of higher world cotton prices. Africa would increase its cotton production, but hardly to the 
extent suggested by other studies. They suggest these limits because arable lands in West 
and Central Africa are becoming increasingly scarce. Other problems include the high de-
pendence on rainfall and the low rate of adoption to new technologies and genetically 
modified cotton. However, earnings from cotton in Africa could be expected to increase 
between $1.33 and $2.44 billion over the next ten years if U.S. subsidies are discontinued. 

From January 2001 to May 2002, the world price of cotton fell by 40%. Minot and 
Daniels (2002) examined the impact that this change in cotton prices had on rural poverty 
in Benin. They found that a 40% decrease in the world price caused a reduction in the 
income of cotton growers by 21%. The incidence of poverty resulting from this price fall 
rose from 37% to 59%, meaning that about 334,000 people fell below the poverty line due 
to this price reduction. Minot and Daniels predicted that after responding to a price shock, 
cotton farmers would reallocate land, labor, and other inputs to other crops or non-farm 
activities. The more responsive farmers are to price, the less the long-run adverse impact of 
the cotton price decreases. They also found several indirect impacts of lower cotton prices. 
As farmers’ incomes  decline, so does their spending on other goods and services, lead-
ing to reduced prices of non-tradable goods (food, living expenses, and fees) and reduced 
income for the households that produce them. For every $1 change in spending by cotton 
farmers, they estimated an economy-wide change in spending of $2.70.2 

Goreux and Macrae (2003) reviewed the progress of Sub-Saharan African countries 
that had taken steps to reform their cotton sector. The reforms undertaken by the countries 
came in two general forms: those that strengthened producer associations, and those that 
replaced public agents in the cotton industry with private ones. They found that liberaliza-
tion of cotton sectors tended to increase grower incomes in the short term, but not yet in 
the medium term. The authors proposed a general model for reform in the Sub-Saharan cot-
ton sector, including, but not limited to: the elimination of public monopolies, the imple-
mentation of private regional cotton companies, increasing the power of cotton growers, 
strengthening growers’ associations and reforming pricing. 
1  Anderson, K., & Valenzuela, E. (2007). The World Trade Organization’s Doha cotton initiative: A tale of 
two issues. The World Economy, p. 1292
2  Minot, N. & Daniels, L. (2002). Impact of global cotton markets on rural poverty in Benin. Paper prepared 
for the World Bank p.14
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Goreux (2004) examined and explained the effects of subsidies to cotton producers 
in the US, China, Greece and Spain. These subsidies totaled $6 billion in 2001/02, which 
was equal to the total value of worldwide cotton exports.3 He illustrated how these subsi-
dies increase production, lower the world price and lower the earnings of farmers in West 
and Central Africa. Goreux also addressed the actions against the United States that were 
brought to the World Trade Organization by Brazil, Mali, Chad, Benin, and Burkina Faso 
and explained the classification of subsidies by the WTO. Goreux used supply and demand 
elasticities in a partial equilibrium analysis to analyze the distortions of price and quantity 
caused by developed-country subsidies as well as the deadweight loss to society caused by 
these policies. 

Shepherd and Delpeuch (2007) challenged Goreux’s estimates of the gains to West 
African farmers of removing subsidies. They based their argument on Goreux’s assump-
tion that supply elasticities in West Africa are 0.5, the same as those in the rest of the world. 
Supply elasticities are presumably lower in West Africa due to the monopsonistic structure 
of the West African cotton sector. They compared different estimates of West African cot-
ton supply elasticities to arrive at an estimate of 0.1, suggesting relatively low price respon-
siveness for African farmers. Shepherd and Delpeuch re-estimated Goreux’s model using 
0.1 and 0.5 as supply elasticities for West Africa and the rest of the world, respectively. 
Their results showed a production increase of only 1.3%, compared to 6.5% as estimated 
by Goreux. They attributed the low price-responsiveness of West African cotton farmers 
to the vertically integrated, heavily state-controlled cotton enterprises in these countries. 
Cotton Subsidy Programs in the U.S.

Two types of cotton subsides exist in the U.S. - those that increase supply by increas-
ing the expected revenue per acre of cotton and those that increase demand by lowering 
prices for buyers of U.S. cotton. ‘Step-2’ payments and export credit guarantee that pro-
grams fall into the latter category, while marketing loan and loan deficiency payments, 
direct payments, counter-cyclical payments, and crop insurance subsidies all increase the 
net income expected from an acre of cotton. The current U.S. Farm Bill includes direct 
payments, countercyclical payments, and loan deficiency payments. Intended to reduce the 
risk of farming while supporting farm incomes, subsidies for all crops come to over $12 
billion annually.4

Unlike other crops in the United States and abroad, levels of cotton production have 
little to do with farmers’ expectations about the market price they can expect for their prod-
uct. Instead, farmers often base their production on the amount of government payments 
they can expect from their cotton. Since subsidies are often tied to past acreage and yield, 
farmers have an incentive to continue to plant cotton even when world prices are low, cre-
ating increased supplies of U.S.-produced cotton. The subsidies supporting buyers of U.S. 
cotton ensure that U.S. cotton is never more expensive to buyers than cotton from other 
countries, although production costs in the U.S. may be much higher than those of foreign 

3  Goreux, L. (2004). Prejudice caused by industrialized countries’ subsidies to cotton sectors in Western and 
Central Africa.
4  Farm Bill 101: A quick and easy guide to understanding the Farm Bill
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producers. Due to the consumption subsidies, cotton buyers have an incentive to buy U.S. 
cotton rather than imported varieties. These demand-side subsidies create a market to ab-
sorb the excess supply caused by the supply-side subsidies. 

As the world’s largest cotton exporter and second largest producer, the U.S. exerts 
a strong influence on the world cotton market.  The U.S. spends around $3.9 billion each 
year subsidizing its cotton farmers, and the subsequent increase in production and dips in 
world price have been harmful to cotton farmers outside the U.S.5  Since most developing 
countries can produce cotton at a lower cost than can the U.S., they stand to gain greatly 
from a removal of U.S. subsidies.  
Challenges to US Subsidies by Brazil and West Africa in the WTO

Cotton producers in other countries have often been vocal in their opposition to U.S. 
subsides. Brazil was the first nation to challenge the U.S. subsidy program in front of the 
World Trade Organization in 2002. It was followed in 2003 by Benin, Burkina Faso, Mali 
and Chad: African nations often referred to as the Cotton-4, or C-4. 

On September 27, 2002, Brazil filed a complaint against the U.S. arguing that U.S. 
cotton subsidies depressed prices, harming cotton exporters in other countries. Specifically, 
Brazil claimed that U.S. subsidies increased U.S. cotton exports by 41% and reduced the 
world price of cotton by 12.6%.6 This, they claimed, cost Brazil $600 million in 2001. Bra-
zil argued that U.S. subsidies were inconsistent with provisions of the Agreement on Sub-
sides and Countervailing Measures, the Agreement on Agriculture, and the General Agree-
ment on Tariffs and Trade. Article 13 of the WTO Agreement on Agriculture - generally 
referred to as the Peace Clause - protected subsidizing countries from being challenged as 
long as the level of domestic support for an agricultural commodity remained at or below 
1992 levels. Brazil claimed that the U.S. had doubled its level of subsidy payments since 
1992. The U.S. maintained that its direct payments were fair, as they not linked to current 
production and therefore not trade distorting. However, the WTO ruled in April 2004 in 
favor of Brazil, stating: “The United States is under the obligation to take appropriate steps 
to remove the adverse effects or…withdraw the subsidy.”7 The WTO concluded that, con-
trary to the claims of the U.S., direct payments were in fact trade distorting by providing 
an incentive for production. 

In May 2003, Benin, Burkina Faso, Mali and Chad brought the “cotton initiative”, 
to the WTO, demanding that countries stop subsidizing their cotton sectors and that, until 
cotton subsidies are removed, non-subsidizing countries should be compensated by subsi-
dizing countries. They estimated that subsidies cost them $250 million in export earnings 
during the 2001-2002 marketing season, and $1 billion total.8 The WTO could not reach a 
decision, so it was determined multilateral institutions, in coordination with the concerned 
governments, should handle that compensation. 

5  Baffes, J. (2005). The “Cotton Problem” The World Bank Research Observer, 20, p.118
6  Ibid. p.126
7  “Brazil vs. US: Cotton Subsidies and Implications for Development.” Trade Note 16.  World Bank, Inter-
national Trade Department, Washington, D.C. 2004, p. 351 
8  Ibid. p.127
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West African Cotton Sector
Although West Africa is the third largest regional exporter of cotton on the world mar-

ket, farmers in Benin, Burkina Faso and Mali are price takers in the global cotton market; 
any changes they make in their production do not affect the world price of cotton.9 Cotton 
production in these countries is drastically different from the large-scale, input-intensive 
farming of most developed nations. 

Cotton farms in West Africa use very few purchased inputs, such as pesticides and 
fertilizer. Often, unpaid family labor is the only kind of labor used on cotton farms in West 
and Central Africa, so although production is more labor-intensive than in the U.S., the 
low cost of labor in West Africa makes cotton production competitive. West African cotton 
producers will make a profit if the price of cotton exceeds 50 cents per pound; few other 
countries can profitably produce cotton at this price. 

Cotton in West Africa grows on small-scale farms and is almost entirely rain-fed, har-
vested by hand and saw-ginned. The average planted area for a cotton farm in West Africa 
is 1 hectare, or about 2.5 acres; in the U.S., it is 225 hectares, or 555 acres. Both the size 
and stability of yields differ greatly between these two regions. Figure 1 shows that aver-
age yields in Sub-Saharan Africa have historically been only around 40% of average yields 
in the U.S. Moreover, yields are much more variable in West Africa, possibly due to low 
usage of inputs and a reliance on rainfall rather than irrigation.  

Figure 1. Sub-Saharan African Cotton Yields as a Percentage of US Yields: 1976-2008
 

Source: USDA

In West Africa, cotton is generally much more profitable than alternative crops and 
accounts for a large share of rural employment and exports. The United States Agency for 
International Development (USAID) suggests that cotton is often a last-resort crop for 
farmers on marginal lands,10 which decreases the possibility that farmers can shift land 

9  Alston, J.M., Sumner, D.A., & Brunke, H. (2007). Impacts of reductions in U.S. cotton subsidies on West 
African cotton production. Oxfam America, p.5
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from cotton to other, potentially more profitable crops.11 
 The cotton sectors in West and Central Africa have generally been managed by 

parastatal organizations that act as legal monopolies and monopsonies. These organiza-
tions are responsible for every aspect of the cotton industry, from providing farmers with 
inputs and processing the harvested cotton to transporting and selling the final product. 
Before planting, farmers obtain inputs from the monopolistic firms on credit. Firms deduct 
the cost of the inputs from the payments to farmers for their cotton when they purchase the 
cotton after harvest.12 Instead of paying farmers the current world price at the time of sale, 
these cotton firms announce the price they will pay farmers per kilogram of cotton before 
the cotton-planting season begins. Although farmers can sometimes organize themselves 
into cooperatives and negotiate with these state-owned firms over the price of inputs, they 
still must buy these inputs at a markup above cost.  Farmers generally do not receive pay-
ments for their crops until well into the next year’s planting season. In the meantime, farm-
ers live on credit, often offered at high rates, from the same state-owned cotton firms that 
provide inputs and purchase cotton output.  Figure 2 illustrates scope and consistency of 
low West African prices relative to U.S. and international prices. 

Figure 2. A-Index v. USA v. C4: 1971-2004

Sources: ICAC, Goreux & Macrae

10  Summary and Findings of the West African Cotton Assessment, Sept 25- Oct 14, 2004 United States 
Agency for International Development (USAID), 2005
11  Badiane, O., Dhaneshwar, G., Goreaux, L., & Masson, P. (2002). Cotton Sector Strategies in West and 
Central Africa. IMF Working Paper 2867 p.12
12  Goreux, L, & Macrae, J. (2003). Reforming the cotton sector in sub-Saharan Africa (SSA) Africa Region 
Working Paper Series no.47 
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 The state-owned cotton firms were set up in West Africa during French colonial 
times to protect African commodity farmers from fluctuations in world market prices. 
However, these firms began to lose money as their costs of business rose above the rev-
enues generated given the world cotton price. To cover costs, they began to pay farmers a 
fraction of the price of world cotton.13  The cotton firms justify this discrepancy as payment 
for the expenses of ginning and transporting the cotton.14 There are several problems with 
such managed monopolies, aside from the lower prices received by farmers: fewer incen-
tives to minimize costs, repression of entrepreneurial decision-making, and difficulties for 
centralized management to adapt to the demands of a globalized business environment. 

 To varying degrees, Burkina Faso, Benin and Mali have followed structural reform 
guidelines proposed by international financial institutions, such as the International Mon-
etary Fund and the World Bank.15 Over the last several decades, these three countries have 
taken steps to liberalize their cotton sectors, with the extent of the reforms dependent on 
the political situations of each country. The increased liberalization of agriculture in these 
countries has generally led to an increase in both cotton production and exports. Reforms 
have generally included efforts to limit government intervention in the cotton sector, to 
close down state-run marketing boards, and to encourage competition in the distribution 
of agricultural inputs and processed cotton. The World Bank has proposed two very broad 
reform programs. The first includes setting prices that are more appropriate in a competi-
tive environment, giving cotton growers more influence in key decisions, allowing private 
firms to compete in input provision and transportation, and eliminating subsidies to sales 
to local cotton ginneries. The second set of proposals includes completely opening the cot-
ton sector up to competition, linking domestic prices to international prices, strengthening 
farmers’ groups, and eliminating sector-specific taxes. Although these proposed reforms 
have not all been accomplished, each of these countries is making efforts to liberalize their 
cotton sectors. 
Benin’s Cotton Sector

Cotton is an important part of Benin’s economy, accounting for a large share of em-
ployment and exports. Agriculture makes up 38% of Benin’s GDP and cotton alone makes 
up 90% of agricultural exports and 60%-70% of total exports. Cotton exports alone ac-
count for about 40% of Benin’s GDP. 

Of the three countries studied, Benin has done the most to restructure and privatize 
its cotton sector. SONAPRA (Société Nationale pour la Promotion Agricole), the state-
owned company that once controlled all of the input distribution, ginning, marketing and 
transport of cotton in Benin, has recently undergone intense privatization. Privatization of 

13  Liebhardt, J. “West African Nations should use WTO Cotton Decision as Opportunity for Reform”. No-
vember 6, 2007. World Politics Review
14 Liebhardt, J.  
15 Reforms described in: Benin: International Monetary Fund and World Bank: Enhanced Structural Ad-
justment Facility Policy Framework Paper, 1998-2001, December 22, 1998; Burkina Faso: International 
Monetary Fund and World Bank: Enhanced Structural Adjustment Facility Policy Framework Paper for 
1998-2000, August 12, 1998; Mali: International Monetary Fund and World Bank: Enhanced Structural Ad-
justment Facility Medium-Term Economic and Financial Policy Framework Paper, 1998–2001
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SONAPRA began in 2003, beginning with the sale of the company’s 40 cotton-ginning 
plants. The process, unfortunately, has been slow, and producers’ unions have accused 
government officials of corruption during the privatization process.16

Benin entered into structural adjustment programs with both the World Bank and 
International Monetary Fund in 1989.17 The government dismantled state farms and coop-
eratives, liberalized crop prices and marketing, and closed many state-owned enterprises. 
In 1992, Benin began to privatize the provision of inputs and then opened up its ginning 
sector to privatization three years later.18 By 1995, private firms made up 60% of the ag-
ricultural input market. Reform in the cotton sector was limited, however, and remained 
under the control of the state-owned SONAPRA. Private firms could enter the fertilizer im-
port sector and compete for cotton ginning, but farmers relied on SONAPRA to transport 
the cotton and distribute it among the gins. Moreover, SONAPRA could provide seed and 
fertilizer on credit, and, in 1998, 97% of all cotton growers used fertilizer, compared with 
only 24% of other farmers.19

Until the beginning of the 2000/2001 crop year, SONAPRA held a monopsony on the 
purchase of seed cotton. Now, however, all ginning companies are able to compete for the 
purchase of seed cotton.20  The World Bank and the Benin government planned a Cotton 
Sector Reform Project, with the main objective to increase the efficiency and productivity 
of the cotton sector by increasing competition in the sector. This, the World Bank believes, 
will spread the income increases from productivity gains to a larger number of participants 
in the cotton sector, generating multiplier effects beyond the cotton.

Producer organizations are stronger and longer standing in Benin than in either Burki-
na Faso or Mali, beginning with the establishment of the Professional Association of Dis-
tributors of Agricultural Inputs (CAGIA) in 1988. The Inter-professional Cotton Associa-
tion (AIC), established in 1999, coordinates marketing of inputs and seed cotton and is 
the main importer and distributor of insecticides for cotton. The Agency for Guaranteeing 
Payment and Collection (CSPR) was established in 2000 to serve as a clearinghouse for 
all financial transactions resulting from sales of cotton inputs and seed cotton. Since 2000, 
the private sector in Benin has supplied about half of the nation’s ginning capacity and has 
controlled imports and distribution of inputs . However, there have been problems in recent 
years with the failure of firms to provide well-timed and effective distribution of inputs.21

16  Idrissou-Toure, A. “Benin: Cotton firm treads a tortuous path to privatization” October 20, 2004. The 
Norwegian Council for Africa
17 Heinisch, E.L. (2006). West Africa versus the United States on cotton subsidies: how, why and what next? 
Journal of Modern African Studies, 44. p.259
18 Goreux, L, & Macrae, J. p.11
19  Minot, N. & Daniels, L. p.3
20  “Benin: Enhanced Structural Adjustment Facility Policy Framework Paper, 1998-2001” (1998)Prepared 
by the Beninese authorities in cooperation with the staffs of the International Monetary Fund and the World 
Bank 
21  United Nations Conference on Trade and Development, Market Information in the Commodities Area: 
http://r0.unctad.org/infocomm/anglais/cotton/chain.htm#afrique



MARINELLA BOYADZHIEV 197

Burkina Faso’s Cotton Sector
Cotton is also the main export crop in this country, accounting for 57% of total export 

revenue in 2002.22 In 1991, Burkina Faso signed a structural adjustment program with the 
International Monetary Fund. Since then, its government has done a great deal to open up 
the cotton sector to allow for competition. These reforms included weakening administra-
tive obstacles to exports and reducing the monopoly power of the national textile company, 
Société Burkinabé des Fibres et Textiles (SOFITEX). Under the structural adjustment pro-
grams, cotton producers acquired 30% of SOFITEX’s capital in 1999;23 SOFITEX has 
also increased the prices it pays to producers.24 However, SOFITEX still controls 85% of 
Burkina Faso’s cotton production and two other firms control the remaining 15%. Pro-
ducer organizations are active in Burkina Faso’s cotton sector; they are coordinated by the 
National Union of Burkina Faso Cotton Producers, UNPCB (Union Nationale des Pro-
ducteurs de Coton du Burkina Faso). CGFC, the Comite de Gestion de la Filiere Coton, 
sets prices for seed cotton and cotton inputs, as well as manages a fund for the stabilization 
of producer prices.25  
Mali’s Cotton Sector

Cotton is the principle cash crop in Mali, accounting for 18% of export earnings in 
2002. Mali began a series of adjustment programs in 1982 and signed an economic reform 
program with the World Bank and IMF in 1988. However, the cotton sector remains under 
the control of the state-owned Compagnie Malienne pour le Développement des Textiles 
(CMDT), created in 1974. This centrally managed monopoly system gives the Malian gov-
ernment total control over ginning and commercial activities. The government used profits 
derived from the difference between prices paid to cotton farmers and the world cotton 
price to pay debt and to increase CMDT’s capital. Cotton producers declared strikes in 
1991 and 2001 to protest low producer prices.26

Around 40% of rural households in Mali depend on cotton production for their in-
come. CMDT handles almost all of Mali’s seed. The Malian government owns 60% of 
CMDT’s share, with DAGRIS, a French company, holding the remaining 40%. Although 
producer organizations in Mali do exist, they have much less influence over input provision 
or ginning than similar organizations in Benin or Burkina Faso. 

 Mali’s cotton sector is a clear example of the managed monopoly model that once 
characterized almost all cotton sectors in West and Central Africa. Support for such a mod-
el is based on the assumption that the tax on cotton producers will allow parastatal cotton 
firms to amass profits in periods of high export prices in order to compensate producers 
and smooth their incomes when export prices are low. However, the profits made in peri-
ods of high export prices have often been used by the Malian government to pay debts and 

22  Heinisch, E.L. p.260
23 Goreux, L, & Macrae, J. p.10
24 Heinisch, E.L. p.260
25  United Nations Conference on Trade and Development, Market Information in the Commodities Area: 
http://r0.unctad.org/infocomm/anglais/cotton/chain.htm#afrique
26  Heinisch, E.L. p.261
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raise CMDT’s capital instead of supporting farmers.27 CMDT has often exhibited signs of 
mismanagement, especially during Mali’s deep financial crisis during the 1999 growing 
period. 

These West African nations are among the world’s poorest countries, and each one 
greatly depends on cotton exports to fuel the economy. Higher world prices would benefit 
many citizens in all three counties, especially if the predetermined prices they receive for 
their cotton were closer to the world price. Fortunately, this appears to be the trend. 

Figure 3: Producer Price as a Percentage of World Cotton Price

Source: Goreux and Macrae (2004)

Over the past decade, cotton production increases in West Africa were partially due 
to area expansion. Although an increase in the world price of cotton paired with liberaliza-
tion of the West African cotton sectors might increase the opportunities for cotton produc-
tion in Burkina Faso, Benin and Mali, there are environmental constraints in each of these 
countries that may limit the quantity of land that can be devoted to cotton. The amount of 
arable land in a country is an important determinant of the extent to which cotton acreage 
can increase. In the United States, 18.01% of the total land area is arable. Although this 
is not very high relative to some other countries, the United States has a much larger land 
area than any country in West Africa. In Benin, Burkina Faso and Mali, the percentage of 
land that is arable is 23.53%, 17.66%, and 3.76%, respectively. These countries are also 
relatively small, so there is a natural limit to the number of acres that farmers can plant 
to cotton. Moreover, the climates of these countries are not extremely favorable to the 
expansion of cotton farming. Desertification and water shortages are threats in all three 
countries, as well as soil degradation in Burkina Faso and soil erosion in Mali.28  Moreover, 
insects periodically wipe out large parts of the cotton harvests and the increasing and often 
improper use of pesticides and fertilizers have damaged the soil, which in many areas is 
already weak. 

III.  The Empirical Model

To examine the responsiveness of cotton producers in Benin, Burkina Faso and Mali 
to changes in the prices they receive, I attempt to estimate supply elasticities for each coun-

27  The Administered Monopoly Model in the Era of Competition and Globalization; Cotton Policy Brief, The 
World Bank, March 2000
28 CIA World Factbook
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try. Changes in world price will not greatly affect farmers’ incomes if they are generally not 
responsive to these changes. Figure 3 shows the historical trend in changes in international 
price and West African production. 

Figure 4. Change in Production v. Change in A-Index: 1972-2008  

Sources: USDA, ICAC

Many other factors besides price can influence production. The majority of cotton 
farms in Sub-Saharan Africa are not irrigated, depending instead on rainfall to water the 
crop. Moreover, cotton is frequently grown on land of marginal quality, limiting the amount 
to which cotton farmers can increase their acreage. The model considers these factors by 
including a rainfall index and the area of arable land as variables.

Access to credit can determine if a farmer purchases inputs from a parastatal firm 
on credit or is able to seek them elsewhere, in addition to providing a means to increase 
physical capital or make other technological advancements on a farm. I approximate credit 
availability with a ratio of each country’s demand deposits to GDP. 

Production is unlikely to change drastically from year to year, as most cotton farms 
in these West African nations are small and constantly adjusting acreage can be costly and 
difficult for farmers. Production in one year is likely to be related to production in the pre-
vious year, and so I use the production in the prior year as one of my explanatory variables. 

I also use two qualitative variables in my analysis: the presence (or absence) of com-
petition in any part of the cotton sector (input provision, marketing, transport, ginning) and 
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the presence (or absence) of producer organizations with significant influence in a country. 
Two dummy variables capture these policy/societal measures in the model.

Measuring price is essential to calculating supply elasticities; however, I was con-
strained by the lack of data on the prices received by producers in the countries I studied. 
Although the international price of cotton as measured by the Cotlook A-Index is readily 
available, information on prices paid to farmers is largely unavailable. The International 
Cotton Advisory Committee (ICAC) provides this data for 1994-2001, and I was able to 
estimate prices in the other years. To do this, I first constructed an export price for cotton in 
each year, using data from the United Nations Trade Statistics on the value and weight of 
cotton exports in each year. I then used Goreux’s calculation of the ratio of producer price 
received to export price to estimate producer prices in the years other than 1994-2001.29  Fi-
nally, I standardized the prices in each year with each country’s GDP deflator.30  Although 
official data would have been preferable, many less-developed countries do not have the 
resources to collect extensive trade and price data. All prices are deflated to 1990, and two 
country dummy variables divide the panel data. 

lnQt = ß0+ß1lnPt+ß2lnQt-1 +ß3lnAt+ß4Rt+ß5Crt+ß6Compt+ß7ProOrgt+ß8DBenin+ß9DBF+εt    
  

Current year’s production (kg): Qt    Amount of available credit: Crt
Previous year’s production (kg): Qt-1    Presence of competition: Compt
Price (CFAF): Pt       Amount of Arable land (in 1000 hectares): At
Rainfall: Rt       Presence of strong producer organizations: ProOrgt

29  Goreux, L, & Macrae, J. (2003). Reforming the cotton sector in sub-Saharan Africa (SSA) Africa Region 
Working Paper Series no.47 
30 From the United Nations Trade Statistics division
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IV.  Results

All Three Countries
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V.  Discussion 
 
Surprisingly, price received was not at all significant in Benin, and significant only 

at a 10% level in Burkina Faso and Mali. Results for Burkina Faso suggest that cotton 
production is relatively inelastic, while Mali’s results show a stronger, negative relation-
ship between price received and production. These results are inconsistent with previous 
studies, and their accuracy might improve in the future with the availability of more data 
on West African prices. 

Neither producer organizations nor competition were present in Mali, so these policy/
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societal variables were not measured. In Benin, the coefficient on competition was signifi-
cant, indication that a more liberalized cotton sector positively influences farmers’ produc-
tion decisions. Interestingly, although producer organizations are strongest in Benin, taking 
active roles in the provision of inputs and insecticides, the coefficient on producer organi-
zations was not significant for either country. 

The amount of available arable land is significant in Burkina Faso and Mali, in accor-
dance with the conclusion of Fadiga et al. (2004) that the amount of arable land in a country 
imposes a natural limit on the quantity of cotton supplied. Perhaps owing to the small size 
of the country, the amount of arable land is not significant in Benin. 

Cotton production in a given year explains a great deal of the supply in the subse-
quent year in both Benin and Burkina Faso. In these countries, large year-by-year changes 
in production may be impractical, and since price was insignificant in Benin, production 
decisions may depend more on continuity of supply than on price. 

Yield, measured in kilogram of production per hectare, is lower in each of these coun-
tries than the U.S.:

Figure 5: Yields, 1978-2008

Source: USDA

Yields have only slightly increased over the period studied, and they are still signifi-
cantly below U.S. levels. As the amount of arable land remains relatively stable, production 
has little room to increase. However, yields (and therefore production) might increase with 
the introduction of new biotechnologies and farming methods. Increasing the use of animal 
traction or machinery would possibly be another mechanism to increase yields in Western 
Africa; however, the purchase of animals would require an expansion in local credit, which 
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is not always available in these countries. 
Introducing genetically modified cotton might greatly benefit West African farmers by 

boosting yields and decreasing costs.  There are two types of genetically modified cotton, 
both of which could grow in West Africa. Bt cotton contains bacillus thuringiensis - a natu-
rally occurring soil bacterium that has been used as a biological pesticide for many years. 
Bt cotton produces its own toxins, so farmers have no need for pesticides.  Herbicide-
tolerant cotton is another GM crop that is genetically modified to resist a type of herbicide 
that kills an ordinary cotton plant along with weeds. With this modified cotton, herbicides 
can kill competing plants and weeds without destroying the cotton plant. 

South Africa, Australia, Mexico, China, Australia, India and the U.S. have incor-
porated genetically modified cotton into their production. With the exception of Burkina 
Faso, which is conducting trials to introduce GM cotton to their farmers, the West African 
countries studied in this paper have not adopted this new technology. Its initial testing and 
regulatory stages are often costly and possibly deter developing countries from its use. 
However, GM cotton has the potential to increase incomes in cotton-producing countries. 
Adoption of genetically modified cotton in other parts of the world lowers both costs and 
prices - producers who do not adopt new varieties see world price fall, as their own costs 
remain the same. Baffes has estimated that the failure to adopt this new technology has cost 
developing countries millions of dollars through lower cotton prices31.

With an increase that would be more representative of export or world price, higher 
prices paid to farmer may increase their responsiveness to price changes. With limited land, 
few inputs and low levels of farming technology, farmers may currently lack the resources 
and incentives to implement changes that may increase their yield; the ability to earn more 
may change this cycle. While some of the price discrepancy is due to the value of inputs 
provided on credit by governmental cotton firms, it is unlikely that these inputs are suf-
ficiently expensive to explain the gap. While farmers sense that subsidies in developed 
countries may be driving down international cotton prices, they are keenly aware that the 
practices of their national cotton firms are contributing to their low incomes:

"We have to buy all our seeds, fertilisers and pesticides from Sofitex. And 
there is no one else to sell the crop to. They can say any price they like. They 
give a lower and lower price and it can take months to get paid - four or five 
months."
 ...I asked if they were aware that America was responsible for flooding the 
world with cheap cotton. 
"It's Sofitex that takes months to pay us," a farmer shrugs.32  

While the effects of subsidies in the United States and other developed countries gar-
ner much international attention, it is unlikely that subsidy removal alone will raise the 

31  Baffes, J. p.112
32 Caulfield, A. (2 April 2005) “Scraping a Living from Cotton”. BBC (http://news.bbc.co.uk/1/hi/pro-
grammes/from_our_own_correspondent/4398153.stm)
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incomes of cotton farmers in Benin, Burkina Faso or Mali. Farmers are largely unrespon-
sive to price in these countries; agricultural decisions depend more strongly on the amount 
of land available to farm and the presence of organization among farmers. The removal of 
developed-country subsidies may greatly increase the incomes of farmers in other regions 
who are more responsive to price; however, farmers in Benin, Burkina Faso and Mali 
would appear to benefit more from structural reforms in the cotton sectors of their own 
countries as well as technologies that may increase their productivity. 
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This paper examines the effects that historical movements in the Canadian-
American exchange rate had on different sectors of the Canadian automotive 
industry.  Accepted econometric techniques were employed and altered to 
accommodate the particular requirements of the specific research endeavor.  
This paper provides evidence apropos of how exchange rate movements 
affect the Canadian automotive industry; the research also proposes a 
framework suitable for addressing questions regarding manufacturing 
industries and their sensitivity to exchange rate movements.  

Note:  Sections of the completed paper have been removed in order to meet the length 
requirements of this publication.

ABSTRACT

I.  Introduction

The Canadian automotive industry has long been a vital sector of the Canadian 
economy and remains so due to its size, backward and forward linkages as well as its 
substantial contribution to international trade.  The recent appreciation of the Canadian 
– U.S. exchange rate has prompted an outcry from the Canadian automotive industry 
concerning its stability and profitability.  According to Jim Stanford (Reuters 2008), a 
researcher for the Canadian Auto Workers, Canada is acutely influenced by the value of the 
U.S. dollar relative to the Canadian dollar, and he argues that the recent appreciation of the 
Canadian dollar has devastated the automotive industry.  Nick Orlando (Globe and Mail 
2007), an executive of Martinrea International, provides a similar interpretation, citing 
that overall demand for Canadian auto parts will decrease because it will no longer be as 
profitable for American manufacturers to import Canadian automotive goods.   

This paper expands on the debate concerning the sustainability of the Canadian 
automotive industry given the recent exchange rate appreciation through an investigation 
of the industry’s historical reactions to exchange rate fluctuations. The analysis examines 
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how three different sub-sectors of the auto industry passenger - automobiles, trucks, and 
tractors, and motor vehicle parts - reacted to movements in the exchange rate.

In the case of an exchange rate appreciation,1 production costs were expected to 
decrease because imported intermediary goods from the U.S. would become relatively 
cheaper.2  This result would support claims that Canadian firms benefit from exchange rate 
appreciations in at least one area.  The first set of regressions test this claim.    

The research moves forward to determine whether and how firms’ export price fluctuated 
in relation to movements in the exchange rate.  During exchange rate appreciations, it was 
predicted that Canadian firms would lower their export price to partially offset the relative 
increase in price for American purchasers.  The potential lowering of export prices would 
theoretically limit revenue losses experienced by Canadian firms. 

The response of demand for automotive goods in relation to changes in the exchange 
rate is examined in the final step of the analysis.  The outcomes from the analysis of 
export price facilitate the interpretation of these results. Inference concerning the overall 
profitability of each sub sector is then conducted using the results from production costs, 
export price, and overall export revenue.   

II. Econometric Model and Estimation Techniques

Three separate steps, using similar estimation techniques, were employed for this 
study’s estimation procedure.  The econometric model adopted is similar to the model 
that Kardasz and Stollery (2001) use to estimate exchange rate pass through in Canadian 
manufacturer prices.  The regression model is given by:

tttt
tFTALogUSAPPILogERLogCANPPI εbbbbα +++∆+∆+=∆
4321

       (E.1)

This regression was specified to analyze the effects that movements in the exchange 
rate have on the production costs of the Canadian automotive industry.  The Canadian 
producer price index,

t
LogCANPPI∆ , appears on the left hand side in order to capture the 

production cost of different automotive sub sectors.  The exchange rate,
t

LogER∆ , was the 
first independent variable included.  Its purpose was to quantify the effects that movements 
in the exchange rate had on the cost of production.  

The U.S. automotive producer price index,
t

LogUSAPPI∆ ,3 was incorporated to act 
as the main control variable, capturing the demand and supply shocks in the Canadian 
economy.  Given the close integration of the Canadian and U.S. economies, it is not 
unreasonable to assume that the U.S. price index will adequately represent these effects 
(Kardasz and Stollery 2001).  
1  An exchange rate appreciation refers to a strengthening of the Canadian dollar relative to the American 
dollar.  This holds throughout the paper.
2  Economic theory suggests that an opposite effect would occur during exchange rate depreciations.  This 
idea holds throughout the paper.
3  Despite the fact that this variable was often found to be insignificant, it was included in the final economet-
ric specifications for intuitive reasons. A potential reason for its insignificance is the unavailability of Ameri-
can data that more accurately matched the sub sectors specified in the Canadian data files that were used.
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A free trade dummy variable, FTA , was added to capture the effects that a free trade 
agreement may have on the industries’ costs and revenues, as noted by previous studies.4  
This dummy identifies 1989 as the year that free trade between Canada and the U.S. began.  
This date coincides with both countries’ governments signing the Canadian United States 
Free Trade Agreement (CUFTA).  CUFTA was chosen over NAFTA5 because it contains 
many of the regulations NAFTA imposed on Canada and the U.S.; NAFTA built upon 
CUFTA by integrating Mexico into the agreement.  The inclusion of this variable provides 
evidence concerning the effectiveness of the Auto Pact in comparison to more modern free 
trade agreements, such as CUFTA and NAFTA. 

A time trend, t , was included as a final control variable in order to account for 
phenomena that have effects on the producer price index, but would not be picked up by 
the U.S. producer price index. An example of such an effect would be productivity; the 
productivity in the auto industry is not consistent between the U.S. and Canada.  Visual 
analysis of the price indices used indicated that a linear time function is the most appropriate 
specification to capture time related effects.6  

A logarithmic specification of E.1 was taken to allow for the analysis of price 
elasticities, which is a more informative measure than the absolute changes in the producer 
price index in response to changes in the exchange rate.  First differences were taken for the 
Canadian producer price index, the exchange rate, and the U.S. producer price index.  This 
was done in order to limit the correlation between these variables, thus, providing more 
accurate results.7  Lastly,

t
ε  denotes the stochastic error term.

The second regression was specified to identify how the Canadian export price reacted 
to movements in the exchange rate.  The model is given by:

tttt
tFTALogUSAPPILogERLogCANEPI εbbbbα +++∆+∆+=∆
4321

       (E.2)  

Noticeably, the only difference is the dependent variable, which is now the Canadian export 
price index,

t
LogCANEPI∆ .8  The logarithmic specification holds and the variables that were 

first differenced in E.1 remain constant.  
 The final regression is given by:

tttttt
tFTAUSUnempLogUSGDPLogUSAPPILogERalueLogExportV εbbbbbbα +++++∆+∆+=∆
654321

(E.3)

4  A one-period differenced free trade dummy variable to identify a one-time level effect was tested; however, 
it proved insignificant in all regressions and was not included in the final econometric specifications.  
5  A NAFTA free trade dummy was tried in conjunction with the CUFTA free trade dummy.  This did not 
improve results as there were no cases in which both variables were significant or a case where the NAFTA 
dummy was significant where the CUFTA variable was not.
6  Different dummies that attempted to capture events such as a depression were tested.  These dummies 
proved to be insignificant and were excluded from the final econometric specifications.
7  Augmented Dickey Fuller tests were performed on the natural logarithms of the Canadian producer price 
indices, the exchange rate, and the U.S. producer price index.  I was unable to reject the presence of a unit 
root in all cases.  First differencing these variables is consistent with previous literature.
8  Augmented Dickey Fuller tests were performed on the natural logarithms of the Canadian export price in-
dices.  I was unable to reject the presence of a unit root in all cases and thus, first differenced these variables.
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This regression intended to identify how the Canadian auto industry’s overall revenue 
reacted to changes in the exchange rate by including the export value, alueLogExportV∆
,9 in Canadian dollars, of automotive goods.  Presumably, in periods of strong economic 
growth, individuals would be more willing to purchase automobiles. For this reason, U.S. 
GDP per capita,10

t
LogUSGDP , and the U.S. unemployment rate, 

t
USUnemp , were included 

to account for market demand conditions in the U.S.  Export values and the U.S. GDP per 
capita were also expressed logarithmically. Despite the fact that export value is comprised 
of both the export price and total quantity exported, insight may be gained into the quantity 
of goods demanded via an analysis of the previous regression results and standard economic 
theory of supply and demand.  Exact disentanglement of price movement effects from 
changes in quantity was not possible. 

 
III. Results and Theoretical Discussion

In order to measure the effects of a fluctuating exchange rate on the costs of the 
Canadian auto industry, the models described in E.1, E.2, and E.3 were estimated for the 
passenger automobile sector, the truck and tractor sector and the automotive parts sector.  
These individual regressions generated superior insight into how different areas of the 
industry responded to a fluctuating exchange rate.  The results of the three regression 
models, E.1, E.2, and E.3 are reported in Table 1, Table 2, and Table 3 in the proceeding 
three subsections, and the results of the three aforementioned automotive sub sectors appear 
in columns 1, 2, and 3 respectively.  
Industry Price Index Analysis 

Estimation of E.1 in the passenger automobile sector produced results suggesting 
initial period fluctuations in the exchange rate were significant.  The results generated 
suggest that Canadian passenger automobile production costs decrease as the exchange 
rate appreciates.  This result supports the presence of a Just-in-time (JIT) inventory system 
in the Canadian passenger automobile industry.11  Specifically, my results suggest that 
the cost of production would decrease by 91.7% of a given appreciation in the exchange 
rate.  This indicates that the Canadian passenger automobile industry has a substantial cost 
savings mechanism when the exchange rate appreciates.   

The results from the truck and tractor sector are similar to that of the passenger 
automobiles sector.  Again, the producer price index was found to have an inverse 
relationship with movements in the exchange rate and the result suggested the presence 
of a JIT inventory system.  The magnitude of this coefficient is similar to that found in the 

9  Augmented Dickey Fuller tests were performed on the natural logarithms of the export value variables.  I 
was able to reject the presence of a unit root in all cases.  Despite this, these variables were first differenced 
as it seemed intuitively correct to do so. 
10  U.S. GDP and a three year average of U.S GDP were also tested.  Neither variation improved results.
11  The lagged first differenced exchange rate was initially included in all regressions run for this paper.  This 
variable was never significant and therefore not reported.  The insignificance of the lagged exchange rate 
strengthens my argument of a JIT inventory system because it indicates that the industry reacts only in the ini-
tial period to movements in the exchange rate.  This characteristic is consistent with a JIT inventory system. 
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passenger automobile sector; an exchange rate appreciation will result in a decrease in the 
cost of production of trucks and tractors by 91.2% of the movement in the exchange rate.    

 Table 1: Regressions of Industry Price Index 

Variable
LogCANPPI∆  

Passenger 
Automobiles

LogCANPPI∆      
Trucks and Tractors

LogCANPPI∆  
Automotive Parts

t
LogER∆

-0.917***
(0.057)

-0.912***
(0.052)

-0.379***
(0.061)

t
USAPPI∆

-0.017
(0.211) -0.029

(0.195)
0.303
(0.228)

FTA

-0.003
(0.010) 0.0240**

(0.010)
-0.025**
(0.011)

t

-0.002**
(0.001) -0.002**

(0.001)
0.001
(0.001)

α

0.0483*** 

(0.011)
0.0405***
(0.010)

0.0129
(0.012)

R
2 0.958 0.963 0.765

Ν 25 25 25

Notes: *** Indicates significance at the 1% level; ** indicates significance at the 
5% level; * indicates significance at the 10% level.

The regression of the industry price index of motor vehicle parts manufacturers on 
the dependent variables suggests that a cost savings effect is present during exchange 
rate appreciations.  My results indicate that parts manufacturers experience a decrease 
in their costs of production by approximately 37.9% of an appreciation in the exchange 
rate.  This result advocates the presence of a JIT inventory system in the auto vehicle parts 
sector.  This coincides with the research of Brox and Fader (1996), which found that a JIT 
inventory system had significant cost reducing effects on automobile parts manufacturers 
in Southwestern Ontario.  

The results generated for each sub sector imply that the industry has the potential 
to pass on cost savings to U.S. purchasers.  This would lessen the impact an appreciation 
in the exchange rate would have on overall export revenues and profits as exchange rate 
appreciations would still effectively raise prices for American retailers. 

One caveat to note is that the previously mentioned results may be subject to a degree 
of omitted variable bias.  The use of hedging instruments by firms in this industry could 
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have a potential effect on the Canadian producer price index.  Hedging instruments could 
negate the increase in price during exchange rate depreciations.

The use of long term contracts may also generate bias.  Contracts of this nature would 
effectively lock in prices, thus negating some effects that the exchange rate may have had 
on the costs of production.  These contracts may also include provisions for certain changes 
if the exchange rate was to fluctuate, thus further reducing any effects the exchange rate 
may have had on the Canadian producer price index.  Both long term contracts and hedging 
instruments were not modeled econometrically due to lack of data availability.  
Export Price Index Analysis

The analysis of the elasticity of the export price index of passenger automobiles 
relative to the independent variables produced significant results.  The results generated 
evidence suggesting that during exchange rate appreciations, Canadian passenger vehicle 
manufacturers lowered their export price to American retailers.  My results indicate that 
firms in this industry lower their export price by approximately 68.9% of the movement in 
the exchange rate, thereby sharing the increase in cost that American retailers experienced.  
The increase in cost for American retailers suggests that American firms will lower their 
demand for Canadian passenger automobiles, substituting for relatively cheaper passenger 
vehicles produced in foreign nations.  The direction of this result is consistent with the 
results of Banik and Biswas (2005).  The magnitude of my result is not consistent with the 
aforementioned researchers’ study as my result suggests a 31% increase in the effective 
American price while their result suggested a 77% increase.  The difference in magnitude 
may be a result of different methodologies and the dependent variable definitions, as their 
result was based only on small-sized Canadian automotives.  

The results generated by my study indicate that the findings from the truck and tractor 
sector are very similar to the automotive vehicle sector.  An appreciation of the exchange 
rate caused the export price of trucks and tractors to decrease by 60.7% of the exchange 
rate appreciation.  This would indicate that Canadian truck and tractor products increased 
in price by 39.3% if the exchange rate were to appreciate by 100%.  The relative increase in 
cost for American retailers suggests that overall export demand for Canadian-made trucks 
and tractors would decrease.

Evidence generated suggested that the Canadian automotive parts sector also 
decreased its export prices during exchange rate appreciations.  In this sub sector, Canadian 
manufactures lowered their price by 37.2% of the movement in the exchange rate.  The 
price after an exchange rate appreciation would remain relatively higher for American 
purchasers, and it is hypothesized that Americans would decrease their demand for 
Canadian automotive parts.  

he nature of the passenger automobiles industry, the truck and tractor industry, and the 
automotive parts industry would effectively stop the Canadian industry from decreasing 
the export price on a one-to-one basis with the exchange rate.  The benefit of taking such an 
action would be that, ceteris paribus, overall revenue and demand should remain constant 
as American importers would have no incentive to substitute between Canadian and 
foreign automotive goods; the price of Canadian automotive goods in terms of American 
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dollars would remain constant.  Firms within this industry experience relatively slow rates 
of turnover and as a result, the cost of an already produced automotive product may not be 
the same as one that is currently being produced.  Thus, a one for one pass through of the 
exchange rate is not possible; firms need to recoup the costs they faced during production.

Table 2: Regressions of Export Price Index

Variable
LogCANEPI∆  

Passenger 
Automobiles

LogCANEPI∆  
Trucks and Tractors

LogCANEPI∆  
Automotive Parts

t
LogER∆

-0.689***
(0.087)

-0.607***
(0.098)

-0.394***
(0.085)

t
USAPPI∆

0.548***
(0.326)

0.808**
(0.365)

0.292
(0.317)

FTA
-0.011
(0.016)

0.002
(0.018)

-0.014
(0.016)

t
-0.000
(0.001)

0.001
(0.001)

0.000
(0.001)

α
0.026
(0.016)

0.007
(0.017)

0.016
(0.015)

R
2 0.857 0.779 0.663

Ν 25 25 25

IV.  Conclusion 

The recent media coverage over the health of the Canadian automotive industry 
motivated this study into how the auto market reacts to movements in the exchange rate.  
Analysis of the industry was broken into three sub sectors: passenger vehicles, trucks and 
tractors, and motor vehicle parts.  The costs of production, the exchange rate price, and 
market export revenue were evaluated for each sub sector.

Passenger vehicles were found to have a cost savings mechanism during periods of 
exchange rate appreciation.  This is consistent with a JIT inventory system.  Export prices 
decreased during exchange rate appreciations by approximately 91.2% of the exchange 
rate, a result that is consistent in sign, but not magnitude, of past studies.  Overall export 
revenues decline given an increase in the exchange rate.  This indicates that Canadian 
passenger automobiles are an elastic good.  The overall profitability of this sector would 
depend on the whether the cost savings effect dominated the loss in export revenues.   

The Canadian truck and tractor industry closely mimicked the analysis of the Canadian 
passenger vehicle industry.  Evidence generated suggests that the industry experienced a 
significant level of production costs savings during exchange rate appreciations.  Export 
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prices were found to decline as the exchange rate appreciated; however, overall price would 
have increased for American importers relative to the pre-appreciation price.  The results 
suggest that trucks and tractors are an elastic good as overall export revenue was expected 
to decrease during an exchange rate appreciation.  Again, the overall profitability of this 
sector would depend on whether the cost savings incurred during production outweigh the 
loss in export revenues.    

Automotive parts demonstrated a cost savings effect, suggesting the presence of a 
JIT inventory system.  This finding is consistent with past literature.  Export price was 
found to decrease during exchange rate appreciations.  Overall export revenue was found 
to remain constant suggesting automotive parts were unit elastic.  Overall profitability of 
this industry would be expected to increase during exchange rate appreciations given these 
findings.    

Further analysis of this problem includes, but is not limited to the following 
suggestions.  The inclusion of a variable that measured or acted as a proxy for the degree 
of hedging that Canadian automotive firms undertake could potentially strengthen the 
results of the production cost and export revenue regressions run in this report.  Similar 
benefits could be obtained if either a variable or proxy for long term contracts used by the 
industry was instituted.  The inclusion of a variable that captures the degree of competition 
in the industry and possibly the market share of Canadian auto producers’ hold in the U.S. 
market may also strengthen the results in the analysis of export price and export revenue.  
Lastly, if data were to become available for the quantity of automotive goods and profits 
made in different automotive sub sectors, this may provide a better interpretation for the 
elasticity of automotive products and how overall profitability is affected by movements in 
the exchange rate.   
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I.  Introduction

In recent months, much has been written about foreign tourists - especially Europeans 
- coming to the United States to take advantage of the weak dollar. This anecdotal evidence, 
however, may merely reflect the perception or increased awareness of foreign tourists. The 
question of hether the increase in foreign tourists in the United States is really a product of 
the weaker dollar, or rather an effect of globalization, is an essential element of the analysis 
of the relationship between exchange rates and travel flows in and out of the United States. 
It seems logical that the price of international travel, captured by the exchange rate, would 
have an effect on the decision to travel internationally. On the one hand, people who are 
determined to vacation outside their home country may choose a bargain destination, or 
one whose exchange rate is perceived as weak. On the other hand, tourists may make their 
decisions based on attractions at the destination, in which case the price of travel would 
not matter as much. The online travel booking service Travelocity, for example, revealed 
that travel bookings to Western Europe were down 2% in 2007 compared to the previous 
year, a period in which the dollar significantly weakened against the euro and international 
bookings overall increased 3.8% (Coombes 2007). Over the same period, travel to Central 
and South America was up 14% and 7%, respectively (ibid). 

Given these observations, this paper will investigate travelers’ sensitivities to the 
exchange rate in making their decisions to travel internationally. Specifically, I will seek 
to determine how much exchange rate fluctuations affect changes in the number of the 
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inbound and outbound foreign travelers of the United States.
The first section of this paper reviews previous work that has been done on the subject 

of international travel. Next, the paper will describe the empirical strategy used, before 
discussing the data and their sources. The fourth section will describe the results of the 
regression, including relevant analysis of the findings. The paper will conclude with the 
significant results and exploration of possible ways to improve or expand on this paper.

II.  Literature Review

Previous economic literature on international travel demand deals generally with the 
same topic as this paper, but responds to different concerns. Many studies focus exclusively 
on trade with Canada or Europe, or address exchange rate effects as a second order concern. 
For example, Gray (1966) deals with bilateral travel imports, estimating “the income and 
exchange rate elasticity of the demand of imports on the international travel accounts of the 
United States and Canada.” While Gray focuses on spending, my paper will address flows 
of people. In addition, my paper will improve on Gray’s work by including more countries, 
with more recent data. In the analysis that is probably the most conceptually similar to 
mine, Loeb (1982) “evaluates the effects of real income, exchange rates, and relative prices 
on the total level of U.S. receipts from foreign travel.” Loeb’s sample is confined to seven 
European countries, and the data are nearly 30 years old, so again my research will be an 
improvement in addressing a larger and more diverse group of countries in a more recent 
timeframe. Neiman and Swagel (2007) provide the analysis that is most econometrically 
similar to mine. They address a large sample of countries from the past decade, seeking 
to isolate the role of tighter post-9/11 visa policies in explaining the dramatic reduction 
in foreign travel to the United States after the 9/11 attacks. This paper will build on their 
findings by also taking up the question of Americans traveling abroad.

This paper is consistent with previous work in using non-immigrant admissions and 
departures as a proxy for tourists. Other categories included in this measure are business 
travelers, temporary workers, and diplomats, but pleasure travelers make up a relatively 
constant proportion of non-immigrant admissions, between 71% and 77% over the 1998-
2006 period (2006 Yearbook of Immigration Statistics). Furthermore, previous studies have 
also used this data for similar purposes, using the same reasoning (Neiman and Swagel 
2007). This paper focuses on pleasure travelers because their demand function is likely the 
most elastic, given that their travel is more elective and subject to more restrictive financial 
constraints than those of businesspeople and diplomats.

According to previous empirical results, one important determinant of international 
travel is the national income of the traveler’s country. In periods of strong growth, a 
rich country’s residents would be more likely to have the means to travel abroad. All 
previous work has found a substantial income elasticity on international travel, especially 
international travel spending (Gray 1966; Loeb 1982; Neiman and Swagel 2007). Relative 
prices as reflected by the real bilateral exchange rate (calculated here using the nominal 
exchange rate and national consumer price indices) are obviously another factor to consider. 
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There is of course a trade-off in using the real or nominal measure: people generally have 
information on exchange rates but not on nominal prices at the destination, despite the 
fact that real exchange rates better capture the actual cost of traveling there (Eilat and 
Einav 2004). Support for using the real exchange rate comes from Neiman and Swagel 
(2007), who found a negative relationship between the real exchange rate and the number 
of foreigners entering the United States.

Finally, it is fair to assert that causality runs from the changes in the exchange rate to 
the changes in international travelers and not the reverse because international travel is not 
large enough relative to overall trade and other monetary factors to have that kind of impact 
(Neiman and Swagel 2007). It is therefore unnecessary to test for endogeneity.

III.  Empirical Strategy

The strategy of this paper will focus on isolating the effects of movements in the 
bilateral exchange rate on changes in non-immigrant entries and exits from the United 
States. In order to do this, I will run two regressions on panel data, using annual change in 
non-immigrant entries as the dependent variable for one, and the year-on-year change in 
U.S. resident exits for the other. I will employ a number of control variables, including per 
capita GDP growth rates for each country, and fixed effects for country and year to exclude 
cultural or time fixed effects. In taking these steps, this paper seeks to identify the size of 
the effect of changes in the bilateral exchange rate on the decision to travel internationally, 
both for Americans going abroad and for foreigners coming to the United States.

I use the following regression equation as my basic model:

∆Travelers = b0 + b1∆Foreign/USD Real Exchange Rate + b2∆GDP per capita + b3Country 
+ b4Year + ε

The ∆ in the above equation indicates that the variables represent annual percentage 
changes, rather than levels.

IV.  Data

This paper draws data for non-immigrant entries (I-94 only) to the United States from 
the Department of Homeland Security for the years 1998-2006. For U.S. residents traveling 
abroad, the data comes from the Office of Travel and Tourism Industries, a division of 
the U.S. Department of Commerce, and covers the period 1993-2005. Although ideally I 
would focus exclusively on leisure travel, these data are unavailable, and business travel 
should not skew the results significantly (Neiman and Swagel 2007). However, in years 
that the DHS did break down total foreign entrants, business travel represents a generally 
consistent proportion of total non-immigrant entries. For exchange rate data, this paper 
relies on the Federal Reserve Board’s annual average bilateral nominal exchange rates. All 
other economic data, specifically national income (GDP and GDP per capita) and consumer
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price indices, come from the IMF World Economic Outlook Database. The variable 
representing changes in the bilateral real exchange rate is constructed using changes in the 
nominal exchange rate and consumer price indices for the two countries concerned. Given 
the data available for all of these variables, the sample for this paper includes the thirty 
countries, listed in Table 1. Descriptive statistics are shown in Table 2, and a correlation 
matrix for the main variables is presented in Table 3.

V.  Results

Inbound
In the baseline regression for inbound visitors to the United States (Table 4, column 

1), I find coefficients on the real exchange rate that are statistically significant at the 5% 
level. This model would predict a drop of 0.17% in the number of foreigners coming to the 
United States for each 1% real appreciation in the dollar. Similarly, for each 1% increase in 
foreign per capita GDP, 2.85% more people will come to the United States. This result is 
statistically significant even at the 1% level, and confirms the hypothesis that international 
travel behaves as a luxury good because a 1% change in income results in a greater than 
1% change in travel. One reason that the coefficient is so much higher on the national 
income variable could be that the range of variation in the exchange rate is substantially 
higher than the range in variation in GDP per capita. These results are consistent with 
the initial hypothesis that GDP growth and a depreciation in the U.S. dollar would have 
a positive impact on changes in foreign entries to the United States. The major weakness 
of this regression is the low R2, with a value of 0.1418 in the initial regression. This could 
suggest that a number of other factors, such as personal preference and travel sales, among 
others, may also influence the number of foreigners coming to the United States. Overall, 
the results of these regressions confirm the initial hypothesis for the exchange rate and 
income effects.

9/11 Effect
Incorporating a dummy variable to distinguish years after 9/11 from those before the 

terrorist attacks, to account for changes in the international travel paradigm, does result in 
a larger influence of real exchange rate changes on foreigners coming to the United States, 
as shown by the regressions in columns 7 and 8 of Table 4. The coefficient on the real 
exchange rate when using fixed effects almost doubles to -0.302, and is significant at the 
1% level. There is not a substantial change in the coefficient on GDP growth per capita. 
In addition, the coefficient on the 9/11 dummy is itself significant at the 1% level, with a 
value of -0.042. The R2 of 0.1638 in the fixed effects model is a slight improvement over 
the baseline regression, which could merely be due to the addition of an extra variable 
rather than a truly better fit. Despite this, the statistically significant coefficient on the 9/11 
dummy variable illustrates a real effect of 9/11 on foreigners visiting the United States.

Lagging
Another factor that would influence whether people choose to come to the United 

States is whether it is a common destination, since travelers would hypothetically tend 
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to choose a popular destination. I introduce this consideration by using a lagged inbound 
traveler variable, which represents the previous year’s change in foreign travelers to the 
United States. As shown in column 6 of Table 5, including this variable slightly weakens the 
effect of GDP per capita to 2.868, but bolsters the real exchange rate effect to -0.382, both 
of which are significant at the 1% level. The coefficient on the lagged inbound travelers 
in the fixed effects regression is 0.314, which is also significant at the 1% level. This 
regression displays a better fit than the baseline case, with an R2 of 0.2180, so it is clear that 
including a lagged dependent variable is an improvement on the initial regression.

Other Variants
To check for robustness, I make two additional modifications to the initial model. The 

first is to substitute nominal for real bilateral exchange rate changes, which shows a larger 
coefficient of -0.229 that is statistically significant at the 1% level, and a smaller coefficient 
of 2.860 on GDP per capita, which remains significant at 1%, as shown in column 2 of 
Table 5.1 This suggests that travelers may use the nominal exchange rate, rather than the 
real exchange rate, when deciding whether to come to the United States. On the other 
hand, the R2 is not significantly improved, so distinguishing between the nominal and real 
exchange rate effects remains difficult, especially given the extremely high correlation 
between the two variables (Table 3). Columns 3 and 4 of Table 5 show the substitution 
of GDP for GDP per capita. While this coefficient increased to 3.161, the coefficient on 
the real exchange rate remained unchanged at 0.176. This result generally conforms to 
expectations in that there was not much difference between the GDP and GDP per capita 
variable due to the slowness of demographic changes. The correlation matrix in Table 3 
shows that there is a very high correlation between GDP and GDP per capita, so these 
results are to be expected. Additional regressions excluding Canada and Mexico confirm 
the results of the initial regression.
Outbound

Unlike the inbound case, which strongly confirmed the initial hypothesis, the outbound 
regression ran contrary to most expectations. With the exception of the income variable, 
the results for the outbound case are far less statistically significant than those for the 
inbound; in fact, the coefficients on the real exchange rate were small and not statistically 
significant in any regression. However, the correlation matrix (Table 2) shows that there is 
very little correlation between the exchange rate and outbound travelers to begin with, so 
the data supports the lack of impact shown in the regression. Column 1 of Table 6 shows 
that the coefficient for U.S. GDP per capita was statistically significant at the 1% level, and 
far larger than the corresponding inbound coefficient. This coefficient would imply that a 
1% increase in U.S. GDP per capita would result in a 5.6% increase in Americans traveling 
abroad, meaning that international travel is very much a luxury good for Americans. That 
in itself is not surprising, but the discrepancy between the inbound and outbound income 

1  A regression not show in the tables at the end of this paper separated the nominal exchange rate 
and CPI components of the real exchange rate. The coefficient on the nominal exchange rate term remained 
similar to the case excluding the CPI components, and was still statistically significant. The coefficients on 
the CPI components was small and statistically insignificant, which shows that it is indeed the exchange 
rate, not inflation, that affects whether people choose to travel to the United States.
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elasticities of travel demand is rather remarkable. This may have something to do with the 
construction of the U.S. GDP per capita variable, which has zero variation across destination 
countries and may cause the coefficient to be extraordinarily large. However, it could also 
indicate that, once Americans have the means to travel, they ignore cost when choosing 
their preferred destination. In the baseline case (Table 6, column 1), I found that a 1% 
appreciation in the dollar would cause a 0.06% decrease in the number of Americans going 
abroad. Throughout the varied robustness checks described in the following paragraphs, 
the results are remarkably consistent in demonstrating large income effects and negligible 
price effects on American tourism abroad.

9/11 Effect
Unlike with the inbound regression, there is not a significant 9/11 effect, and neither 

the real exchange rate nor the GDP per capita coefficients change much, as illustrated by 
columns 9 and 10 of Table 6. Although the coefficient is very small (0.006) and statistically 
significant, it suggests people are slightly more likely to travel after 9/11, which the data 
contradict. One would think that the effects of 9/11, from airport security to global outlook, 
would certainly be significant, but this regression does not confirm that hypothesis. 

Lagging
The effects of lagging are shown in the last four columns of Table 7. Incorporating 

a lagged outbound variable showed a statistically significant (at 1%) coefficient on that 
term, as well as on U.S. GDP per capita, and GDP per capita in the destination country. 
What is surprising is that the significant coefficient on the lagged term (-0.238) is negative, 
which counters the expectation that people would be more likely to travel to popular 
destinations. Despite the unexpected coefficient on lagged outbound travelers, the results 
of this regression are in line with the results of the baseline regression and other alternate 
regressions.

Other Variants
There is not much difference between using the real or nominal exchange rate in the 

regression. In both cases, the coefficient turns out to be small and statistically insignificant. 
The coefficient on the nominal exchange rate (-0.062) is negative, which again seems 
nonsensical (Table 7, column 2), but once again confirms the results of previous regressions. 
Additional regressions excluding Canada and Mexico further support the results from the 
original regression.

VI.  Conclusions

To summarize the findings of this analysis, the behavior of foreign travelers coming to 
the United States is in line with the initial hypothesis, while that of U.S. residents traveling 
abroad is not. The results of the inbound regression confirm the hypothesis in every case, as 
the coefficients on the real exchange rate and GDP per capita are statistically significant at 
least at 5%. In addition, the results are similar to those of Neiman and Swagel (2007), and 
there is very little variation between the values of these coefficients when running alternate 
regressions, which indicates that these results are fairly robust.  
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In contrast, the regression for Americans going to other countries reveals very different 
results. First, the GDP per capita coefficient is about triple what it is for foreigners entering 
the United States, which suggests that international travel is much more of a luxury good 
for Americans than it is for others. Second, the real exchange rate coefficient is statistically 
insignificant in all cases, implying that Americans do not consider relative prices when 
traveling abroad. Finally, the coefficient on lagged outbound travelers is negative and 
statistically significant at the 1% level, which is unexpected, since it implies that Americans 
would be less likely to go abroad this year if more people traveled internationally last year. 
This outcome indicates that Americans have a different approach to traveling abroad than 
foreign travelers visiting the United States, which may be a cultural peculiarity.

Robustness checks for both the inbound and outbound cases strongly confirm the 
results of the baseline regressions, as neither the coefficients nor the R2 changed substantially 
across the many variants. However, the major limitation of these findings is the persistently 
low R2 value, which suggests that there are other factors that may influence the decision 
to travel internationally. Further research could reveal these hidden influences on travel 
preferences. A broader sample of countries and a longer timeframe would also improve this 
work, but I did not have access to those data.
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Table 1: List of Countries Included
Australia Austria Belgium Brazil Canada China
Denmark Finland France Germany Greece India
Ireland Italy Japan Malaysia Mexico Netherlands
New 
Zealand

Norway Portugal Singapore South 
Africa

South Korea

Spain Sweden Switzerland Taiwan Thailand United 
Kingdom

Table 2: Data Summary for Baseline Variables

Variable Observations Mean Standard 
Deviation Minimum Maximum

Real GDP 558 0.034 0.029 -0.105 0.141
Real GDP per capita 558 0.025 0.027 -0.115 0.128
Nominal Exchange 
Rate 431 0.011 0.137 -0.281 1.790

Real Exchange Rate 431 0.007 0.127 -0.316 1.728
Inbound 240 0.022 0.119 -0.383 0.328
Outbound 460 0.057 0.227 -0.534 1.234
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Long run welfare growth can be achieved only by using finite resources 
more productively within an economy but the mechanisms that will ensure 
this outcome are less understood.  Nevertheless, a growing consensus has 
emerged among growth theorists that an economy can satisfy its perpetual 
growth agenda by effectively controlling the means of innovation. However, 
prominent models of endogenous growth have failed to effectively document 
the process of innovation or long run productivity growth within an economy 
and the drivers behind it. Therefore, this paper will attempt to show that 
technical productivity consists of measurable components, and that growth 
of competitive firms’ cash reserves and the rate of knowledge spillover 
among them can explain the variations in long run economic growth. 

ABSTRACT

I.  Introduction

Innovation ensures continual economic growth but who does it and why?
What determines the long run growth of nations? Nobel laureate Robert Solow, in an 

attempt to refute the knife-edge Harrod-Domar analysis of equilibrium growth, showed 
that if output capital ratio can be deliberately determined, perpetual growth in income 
per capita through capital accumulation is impossible (Solow 1956). Instead, long run 
equilibrium growth is determined by a variable called the Solow Residual. In a confession 
of ignorance, Solow conceded that this variable is exogenous to his model and ‘may have 
no apparent explanation at all’ (Solow 1994). 

What is the Solow Residual? Most growth theorists agreed that it is a measure of Technical 
Productivity within an economy. However, the effect that this term has on aggregate 
production is less clear. Technical Productivity is said to augment the productivity of labor, 
capital or both factors of production in a Cobb-Douglas production function but a consensus 
on this issue has not been reached. Nevertheless, growth theorists refuse to relinquish the 
determination of Technical Productivity to random events beyond an economy’s control. 
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Prominent models explaining the process of endogenous Technical Productivity growth 
include works by Shell and more recently Romer, Grossman & Helpman and Klepper.
Competitive firms finance innovation with internally generated free cash flow

 Shell posited that governments drive innovation by supporting R&D with marginal 
increases in tax revenues due to improvements in productivity (Shell 1967).  This makes 
intuitive sense under perfect competition. Indeed, public subsidies and research grants are 
often provided to fund innovation within an economy, hence accounting for a positive 
relationship between public research expenditure and productivity growth (Fig 1).1 

Figure 1: Industrial Research to Federal Outlays Ratio and Productivity in NAICS 
industries
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However, this relationship appears to be weak because consistent (though small) growth 
in Federal industrial research expenditure (consists of research spending on General science, 
Energy, Agriculture, Labor and Health) can hardly explain the variations in average annual 
productivity growth for 138 NAICS industries, which shares a closer relationship with free 
cash flow of profit-seeking US firms. The lack of a price mechanism to reflect asymmetric 
information would explain this weak relationship. Without a mechanism to accurately 
answer the questions of what, for whom and how much to innovate during a fiscal period, a 
government will be inefficient in allocating resources for innovation and it is unlikely that 
public provision of technical knowledge permanently drives economic growth. 
1  U.S. Office of Management and Budget, Budget of the United States Government, Historical 
Tables, annual; U.S. Bureau of Labor Statistics; U.S. Bureau of Economic Analysis
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Therefore, the responsibility of innovation would lie in the hands of competitive, profit 
maximizing firms. According to Grossman & Helpman (Grossman et al 1991 & 1994), 
private innovation is financed by capital markets and under perfect information, i.e. lenders 
are willing to provide credit since innovative outcomes are known. It should not come as 
a surprise that relaxing the assumption of perfect information will frustrate this model, 
especially since R&D projects yield highly uncertain outcomes with dubious benefits in 
reality. Therefore, a firm’s innovative abilities and knowledge are intangible assets that will 
serve as weak collaterals, presenting significant risks for investors. As a result, investors 
will demand high rates of return on their investments, making borrowing from capital 
markets to finance R&D projects prohibitively costly for firms. 

Figure 2:  Correlation of Leverage and R&D Capital

Indeed, evidence for this argument was presented by Hall (Hall 1992) when she found 
that R&D intensity of a firm, or the ratio of the economic value of a manufacturing firm’s 
stock of R&D assets (G) to net physical and knowledge capital (K+G), is negatively 
correlated with the ratio of debt it currently owes (B) to net physical and knowledge capital 
(Fig 1)2. This means that an increase in debt to net asset will serve to mainly increase 
physical and not knowledge assets, hence reducing the R&D intensity of the firm.  

One can however argue that this market failure can be overcome by venture capitalists, 
which as a group of specialized investors routinely finance R&D for outsized returns when 
they exit their investments through public listings. But despite venture capitalists’ expertise 
at evaluating R&D projects, they finance innovation only to jump start the process and 
have limited participation in the continual growth of technical productivity, especially in 
companies that are past the startup phase. 

Since financing innovation through the capital markets is prohibitively costly, 

2  Figure 1, Hall 1992
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competitive firms will have to depend on its own cash reserves. Supporting evidence for 
this view is shown in Fig 1, which revealed an obvious one year lag between changes in 
internally generated free cash flow (FCF), or cash left over at the end of a fiscal period after 
tax, investment and liquidity concerns are met, and productivity growth. This observation 
also reinforces the view that firms fund innovation on hindsight (with accrued cash from last 
fiscal period) instead of foresight (forecasting uncertain R&D sales outcome). Accordingly, 
this paper hypothesizes that the change in cash reserves or FCF drives Technical Productivity 
growth among firms within an economy. 

Against this background, we shall construct a model of endogenous innovation. But 
before revealing the model, we need to define Technical Productivity in terms of its 
constituents which form the basis of the model. Thereafter, Section II offers a glimpse 
of how a firm generates FCF to finance innovation before identifying other factors that 
will affect a firm’s decision to innovate and why competitive firms, both large and small, 
participate in the process. In Section III, our model of endogenous innovation within an 
economy will be constructed by aggregating individual firms into a closed, single industry 
economy and its mechanisms will be studied. Lastly, Section IV analyzes the welfare 
implications of the model and the role of the government.
Technical Productivity Consists of Mechanical Efficiency and Value-adding Design 

Thus far, various discussions about the growth of Technical Productivity failed to 
provide a measurable definition of the mysterious term, causing scholars to speculate what 
it actually represents. To minimize disparities, growth theorists should first agree on how 
to define Technical Productivity in measurable terms, which will then form a common 
platform for scholars to discuss and evaluate mechanisms affecting long run Technical 
Productivity growth. Therefore, we will begin by breaking down Technical Productivity 
into its fundamental constituents and suggesting means of measuring them.

Throughout this paper, a two factors Cobb-Douglas production function with Hicks 
Neutral Technical Productivity (A) will be used. The function is expressed as

      

where output (Q) is produced by capital (K) and labor (L) and is augmented by A. In 
addition, 0 < α < 1. 

The key assumption here is that A consists of two components: Mechanical Efficiency 
(E) and Value-adding Design (V). Assuming that the two components augment capital and 
labor respectively, the production function becomes
 

     (1)

and Technical Productivity is   (2)
                   

In (2), E and V augment capital and labor respectively. To understand why, let us assume 
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that capital represents the stock of unit dollars invested in non-labor factors of production 
(energy, machinery, raw materials etc). Hence, E is the ratio of power produced to power 
purchased per unit capital, where power is expressed as the amount of work or energy per 
unit time. By the Law of Conservation of Energy, which states that energy can be neither 
created nor destroyed, 0<E<1. Hence, E diminishes capital instead of augmenting it.  And 
suppose labor refers to an able-bodied human and Value-adding Design (V) is a complete 
set of vocational information used for a value-adding process. Therefore, V augments labor 
and not capital because we assume that only humans can invent or revamp a production 
process and subsequently implement the changes. 

In other words, V is simply an intermediate step in a production process.   For example, 
an automotive manufacturing firm will possess at least four V’s: (1) specification design 
and patent application; (2) chassis construction by welding custom designed steel pieces 
together; (3) axles, fuel tank and engine are added to the chassis; (4) interior fixing and 
paint-job.  To count as an intermediate step, the end product of each step must be able to 
fetch a market price above costs if sold as-is.  For example, an in-house car design can 
be sold at a market price no different from the work of a professional car designer and 
a completed chassis can fetch the same price as a ready-made chassis available at a car 
mechanic workshop.  However, for firms manufacturing fuel guzzling trucks within a high 
fuel price environment, the phase during which a fuel-consuming engine is added to the 
chassis will not count as a design since demand for such a product is low and its market 
price is below costs. Nevertheless, other phases will still count as value-adding designs.  
Therefore, V is discrete and cumulative within a firm, industry and economy by extension.

To fully understand what a value-adding design is, we need to define vocational 
information as well. A piece of vocational information is a professional data or fact 
required in production and it can be tacit or explicit in nature (Dyer & Nobeoka 2000). 
Tacit vocational information (Itac) is difficult to codify and decipher and are embodied 
within labor. For example, the teamwork aptitude of a worker and his thought process 
under stressful conditions will be classified as tacit vocational information that he alone 
possesses. In contrast, explicit vocational information (Iexp) can be codified and deciphered 
easily and are embodied within tangible products, such as a library book that discusses the 
process of welding metals. Note that a piece of vocational information is not productive 
per se; it adds value only within the scope of a value-adding production process, which 
usually involves both tacit and explicit vocational information. For example, the making of 
a car chassis requires a welder’s tacit ability to work within a team of technicians and his 
explicit welding skill. Therefore, a Value-adding Design (V) is the sum of all tacit (Itac) 
and explicit (Iexp) vocational information used within the productive process, i.e.

V = Itac + Iexp.

Furthermore, vocational information is non-rivaled and partially-excludable (Romer 
1990). Non-rivalry means that the usage of a good does not diminish its value to another 
user and partial excludability means that the usage of a good can be prevented through 
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ownership for a limited time. Itac is non-rivaled and fully excludable because implicit 
information of a person, such as the strong work ethics of a seasoned engineer, does not 
diminish after the person used it for an activity, yet he can exclude others from using 
his skills simply because they are hard to codify and decipher and are embodied in him. 
However, the same cannot be said of Iexp. Iexp is non-rivaled but partially excludable 
because the understanding of a paper by one reader does not diminish its value to another, 
yet access to it can be prevented by online via subscription, though one can easily travel to 
a public library to read the paper (if available) for free. Similarly, patents can be considered 
as Iexp since they have limited lifetimes.

Lastly, there also exists an a priori design (V=1), which is an able-bodied human’s 
innate ability to manufacture basic tools and goods, such as bricks. Making bricks is no 
rocket science. One can do so by taking a lump of clay from a river bank, shaping it into a 
block and leaving it in the sun to dry. Therefore, an a priori design is obtained via evolution 
and occurs naturally among humans involving explicit vocational information only. The 
relevance of this design will be discussed in the next section.

II.  Innovation within a Firm

The competitive model to be constructed within the next two sections operates under 
a single-industry, closed economy with many competitive firms producing a differentiated 
producer durable, which is then used as a capital input for the industry. This is not hard to 
imagine this within a brick making industry since there are many firms producing slightly 
differentiated bricks.  These products are then used to construct ovens which are the only 
productive “machinery” which are in turn combined with labor to produce more bricks 
and the cycle goes on. Another industry with the same characteristic would be the financial 
industry. A financial intermediary firm often bundles its loans and mortgages into a tradable 
security, which are then sold to private investors. However, the financial industry does not 
produce depreciable durables and is hence not analyzed here.
Capital Replacement Depends on Mechanical Efficiency and Affects FCF

 Since firms finance innovation with its cash reserve, its growth is measured by its FCF 
at the end of every fiscal period which is defined as

   Ғit = πit - δitKit - ∆K    
        = (1-τ)(TRit - witLit - ritKit)- δitKit - ∆K (3)

where (Ғit) is the FCF of firm i in period t; πit is after tax, depreciation-adjusted profit of 
the firm; τ is the corporate tax rate; TRit is actual revenue received in period t which is the 
product of the firm’s demand and its price, ie. TRit  = (Qit)  ∙pit (demand will be defined later 
in this section). Meanwhile, witLit & ritKit capture the actual payments to labor and non-
labor factors of production and δit represents the ratio of parts replacement costs (actual 
cash spent to replace worn out parts) per dollar in period t, which is assumed to have an 
inverse relationship with Mechanical Efficiency (E), i.e. 

d
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δit  = 1 – Eit    (4)
The intuition here is that as the efficiency of a machine increases, its parts last longer and 
the costs of replacing parts fall, hence a decrease in the ratio of parts replacement costs per 
dollar capital.
Growth of Cash Reserve Enables Firms to Innovate in the Face of Competition

Furthermore, there exists an a priori industry, such as brick-making, which can produce 
output with the a priori design described in the previous section such that the minimum 
marginal productivity of labor (MPLmin) is equal to the productivity of an able-bodied 
worker (brick maker) in that industry. A worker will be paid his minimum productivity 
along with the value his vocational information brings to his employer. Therefore, the wage 
due to a worker is

   w = MPLmin + MPItac  + μ(MPIexp),  (5)

where MPItac is the marginal productivity of fully-excludable tacit vocational information 
embodied within the worker and μ(MPIexp) is a fraction of the marginal productivity of 
the explicit vocational information the worker generated. The latter is paid out to labor as 
a bonus in each period because explicit vocational information is partially excludable and 
is not embodied within labor. This allows a firm to arbitrarily decide what μ is going to be, 
hence 0 < μ <1. Any value not distributed in discretionary bonuses will therefore contribute 
to the firm’s FCF at the end of each fiscal period.  Hence, excess cash will accrue to a firm 
only when it is able to derive new designs containing Iexp. 

With the incumbent firm accumulating excess cash, new firms will enter the industry. 
Let us suppose that the entrant’s production process utilizes more Iexp and hence costs less 
since the firm is able to pay lower wages.  As a result, the entrant is able to set a lower 
price for a slightly differentiated product, capturing market demand and putting downward 
pressure on incumbent firms’ profitability. To maintain profit margins, an incumbent firm 
is faced with three choices:

(1) Commission a product improvement project to drive production costs down and 
compete on pricing.
(2) Commission a product improvement project to further differentiate its product and 
generate more inelastic demand for it.
(3) Eliminate production steps that are done more efficiently by the new firm and source 
intermediate products from it instead.  Incumbent firms will retain designs that differentiate 
products and hope that sales volume and hence profit margins are not too adversely affected.

Of course, an incumbent firm can execute a combination of the above three options based 
on expected market responses, using its cash reserves to finance any product improvement 
project.  If the incumbent firm succeeds in executing (1), both the firm and the industry as a 
whole will experience a growth in the productivity of existing designs, although the number 
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of designs remains the same.  If the incumbent firm succeeds in executing (2), a growth in 
V and not productivity will result instead.  Hoping for the best in (3) is the worst choice and 
the uninventive incumbent firm will often elect to close down, with no impact on either the 
count or productivity of designs within the industry.  Therefore, a firm’s cash reserve plays 
a vital role in its ability to cope with competition and hence the growth of designs.  In the 
case of a firm with negative FCF, i.e. spending on physical assets replacement or expansion 
goes beyond the entire amount of cash generated from operations during a fiscal period, the 
firm will have a lower ability to finance a knowledge expansion project which takes a lower 
priority since its benefits are highly uncertain.  Therefore, a growth in V is directly related 
to the positive growth of cash reserves, meaning that a positive FCF induces a positive 
change in V and vice-versa for a firm. This hypothesis finds support in Cohen et al. (Cohen 
et al. 1987) which demonstrated that R&D expenditure varies proportionally to a firm’s 
market capitalization, which correlates positively with FCF.

An interesting point though, is that even though theory predicts a positive correlation 
between FCF and a growth in V, this correlation holds up only for positive FCF at an 
industry level.  Systematic cash drains due to a fall in aggregate market demand will cause 
firms to downsize or even close down but the survival of the fittest ensures that industrial 
consolidation will result in a single firm controlling all productive designs and hence no 
reduction in the stock of V.  Eventually, this natural monopoly will generate positive FCF 
since it controls the entire industry demand and growth in V will be at least zero.
Growth in Value-adding Designs also depends on Speed of Knowledge Spillover

In addition to FCF, the willingness to innovate is also affected by the ability of firms to 
protect what they have created, i.e. the better knowledge can be protected, the more V the 
firm will generate in any given period since it is prohibitively expensive for rivals to fully 
imitate a better design. Hence, the change in the stock of V can be expressed as

∆V ≡ f [ℓit, Ғit-1],   (6)

where ℓit measures the time it takes for knowledge to spillover to other firms. Therefore, 
ℓit is termed as the knowledge spillover lag time and is expressed as a percentage of a year 
during which the innovating firm protects its stock of designs, hence 0 ≤ ℓit ≤ 1. An in-depth 
discussion of this variable follows.  Ғit-1 is the free cash flow to a representative firm from 
the prior period.

The ability of a firm to protect its knowledge is affected by the effectiveness of patenting 
a design. If an economy has strict patent laws and trustworthy enforcement, a firm can 
reasonably expect to recover all its losses from a breach of intellectual property (IP) rights 
in court.  As a result, rival firms will be less willing to imitate designs since penalties 
are high.  Therefore, a firm will be more willing to innovate since substantial benefits of 
innovation can be reaped. In contrast, an economy with weak patent law structures and 
enforcement will encounter less growth in V since the costs of imitation of designs is low 
and a firm’s knowledge will spill over to its rival quickly. However, larger increases in the 
productivity of existing V will be possible since the existing stock of V is more accessible 



CECIL ANG 237

and competition is rife. Nonetheless, this is not sufficient to ensure long term economic 
growth, which is dependent on a consistent growth in the stock of V and not the growth in 
productivity of existing designs.

Besides the effectiveness of patent law, a firm’s ability to protect its knowledge is 
also affected by labor’s moral and contractual obligations to their current employers. For 
example, an employee that is happy with his working environment will be less willing to 
join a rival firm, resulting in a lower turnover rate for his employer and less spillover of 
tacit vocational information to rivals. Likewise, the existence of confidentiality clauses 
within employment contracts will mean fewer spillovers as well. 

Lastly, the ability of a firm to protect knowledge is also affected by the nature of the 
industry that it is in. If the industry is built around explicit vocational information, such 
as the search engine industry, patent laws will have to be effective before firms have the 
ability to protect their knowledge. However, an industry that is built around tacit vocational 
information, such as the auto-manufacturing industry, will place less emphasis on patents 
since imitation requires retraining workers by rival firms, which will take relatively more 
time. Therefore, the nature of the industry weighs the importance of the previous two 
factors and ℓit can be expressed as

ℓit ≡ Єit ∙ Ωit + (1-Єit) ∙ (Φit)   (7)

 where Ωit represents the effectiveness of patent laws and is measured by the ratio of 
historical compensatory damages awarded by a IP infringement lawsuit to expected net 
benefits of a patent, and 0 ≤ Ωit ≤ 1. Фit measures labor’s moral or contractual obligations to 
current employer, and 0 ≤ Фit ≤ 1, where Фit = 0 equals minimum obligations and maximum 
turnover in employees. Єit weighs the previous two factors in importance and is measured 
by the ratio of explicit vocational information to total vocational information (explicit and 
tacit) required to produce a unit output, and 0 < Єit ≤ 1. Given that a priori knowledge (V = 
1) is entirely explicit, Єit is strictly > 0. This means that effective patent laws will always 
play a role in innovation.

III. Innovation within an Economy

Before we aggregate innovation at firm level into a closed, single industry economy 
and incorporate the model into the neo-classical Solow growth model, let us explore the 
limit to continual growth in Mechanical Efficiency (E).  

By the Law of Conservation of Energy, we know that E is bounded by nature and 0 < 
E < 1. However, a firm might want to set an optimal level (E*) within the given bounds for 
its products in order to maximize profits across time since replacement demand approaches 
zero as E approaches 1 (perfect mechanical efficiency and no wear and tear). Hence, a 
firm will hesitate to make its product perfectly efficient.  Therefore, firms will maintain 
E* independently in steady state for optimal profit across time.  Proving this assertion will 
take us too far from the subject at hand and should be a topic for subsequent research. If we 
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assume that E* indeed exists independently for each firm, then there also exists a weighted 
average E* of our single industry economy. The weight used here should be a firm’s share 
of total industrial output.

Now let’s incorporate our earlier findings into the neo-classical model of economic 
growth. Consider the national income accounting identity of a closed real economy:

Y = C + I + G,

where Y is national income, C is private consumption, I is private investment and G is 
government expenditure. If we break up G into its consumption and investment components, 
we can then aggregate the economy’s income into 

 
Y = CA + IA 

and    

Y – CA = IA,

where CA and IA are aggregate consumption and investment respectively. 
Since our closed economy consists of three main agent categories – workers, 

entrepreneurs and government. Let us suppose that workers simply deposit what they do 
not consume in banks with no reserve requirements, government agencies and firms are 
surplus and profit seeking respectively and every dime is saved. In addition, suppose the 
saving rates for all three agent categories are equivalent. Therefore, the national income 
equation becomes:

   ΠA + d = sY = IA .   (8)

where ΠA represents the sum of current fiscal surplus (tax revenue less recurring 
expenditures) and post-tax private profits, d is the net amount of worker deposits and s is 
the national savings rate.

Next, we return to our FCF analysis in Section II. From equation (3) we have

   Ғ = ΠA - δK - ∆K. 

Rearranging (3) and combining it with (9) we obtain

   sY = δK + ∆K + Ғ + d   (9)

If we define efficient capital per knowledge augmented labor (Ke) as

   Ke = EK/VL,     (10)



CECIL ANG 239

Then from our Cobb-Douglas production function, or equation (1), we will obtain3

   Y/VL = (EK/VL)  = (Ke)      (11)

Taking the rate of change4 of Ke from equation (10), 

   ∆Ke       ∆E    ∆K    ∆V    ∆L
     Ke       E      K      V       L

which when combined with equation (9) becomes

   ∆Ke            sY - δK - Ғ- d  
     Ke                       K

where gE, gV and gL represent the growth rates of Mechanical Efficiency (E), Value-adding 
Designs (V) and labor (L) respectively. Multiplying the equation throughout with equation 
(10), change in efficient capital becomes

  ∆Ke = s(Y/VL)∙E – [(Ғ + d)/K]∙ Ke – (δ + gV + gL – gE) Ke,

and with (11),  

∆Ke = s(Ke)  ∙E – [δ + (Ғ + d)/K + gV + gL – gE] Ke,  (12)

hence yielding the Efficiency Augmented Solow Growth Model. 
Equation (12) shows that a change in Ke equals the difference between efficient 

savings per knowledge augmented labor and replacement requirements. The latter 
increases with replacement costs per dollar capital (δ), total free cash (Ғ+d) per dollar 
capital, growth in Value-adding Designs (V) and labor (L), but diminishes with a growth 
in Mechanical Efficiency (E). In addition, a point should be made about the relationship 
between deposits (d) and replacement requirements. Suppose firms borrow from capital 
markets to finance capital expenditures and receive d. This allows firms to use more profits 
for innovation purposes and FCF and V will correspondingly rise. Therefore, a rise in d 
increases replacement requirements. Graphically, equations (11) and (12) can be shown 
below:

α α

--+=

gE +           - gV - gL=

3  Divide equation (1) by value-adding design augmented labor (VL)
4  The rate of change is derived by taking natural logarithm of equation (14), and then differentiating the result 
once with respect to time.
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Figure 3: Efficiency Augmented Solow Growth Model

In Fig 3, Ke’ denotes a level of efficient capital per knowledge augmented labor that 
has a lower replacement requirement than available savings per knowledge augmented 
labor. Ceteris paribus, an economy currently at Ke’ will experience an increase in its stock 
of capital (K) and hence a rise in Ke. However, if the economy is currently at Ke’’, available 
savings are insufficient to cover replacement requirements and firms will substitute 
labor for capital, causing a fall in ratio Ke. Eventually, a one period equilibrium (A) is 
reached, where Ke remains unchanged and the economy attains a fixed real income per 
knowledge augmented labor ratio. So far, the above analysis did nothing more than review 
Solow’s 1956 insight that if output-capital ratio is endogenous, and labor and capital are 
substitutable, then explosive economic growth attained through capital accumulation will 
eventually peter out. 

Suppose now that the previous economy has not attained its optimal level of Mechanical 
Efficiency (E*) and that its current level of efficiency is lower than the optimal level, i.e. 
E < E* and gE is zero. If all firms within the economy optimize the mechanical efficiency 
of their products and operate under optimality forever, then the economy will experience 
a rise in Ke since the savings component according to equation (12) increases while 
replacement component decreases since growth in Mechanical Efficiency (gE) is positive 
and replacement costs per dollar capital (δ = 1-E) decreases. Using equation (11), the ratio 
of income per knowledge augmented labor (Y/VL) will correspondingly rise. However, 
once the economy attains optimal efficiency, gE will be zero and replacement requirements 

 Y/VL 

Ke = EK/VL  

Y/VL = (EK/VL) α 

s(Y/VL)∙E = s(EK/VL)  ∙E  α 

δ + (Ғ+d)/K + gV + gL – gE  

(Y/VL)* 

Ke* Ke’ Ke’’ 0 

A 
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will rise permanently. Hence, Ke will fall and Y/VL will adjust downwards. Nonetheless, a 
permanent fall in replacement costs (δ to δ*) results in a higher level of Y/VL. Graphically, 
the changes are shown in Fig 4, with the economy attaining a new one period equilibrium 
B. 

Figure 4: Steady State with Optimal Efficiency

Further, this increase in E to E* will increase revenue and reduce parts replacement 
costs of a firm, hence permanently increasing FCF (from Ғ to Ғ’). According to equation 
(6), the economy will experience a rise in its growth rate of value-adding designs (from 
gV to gV’). Subsequently, equation (12) shows that replacement requirement will increase 
via a rise in net free cash per dollar capital (Ғ+d)/K and gV. With the savings component 
remaining unchanged, Ke will fall, causing Y/VL to fall. This result occurs because, ceteris 
paribus, there is more spare cash to spend on innovation, causing the stock of V to increase 
faster than other factors of production. Consequently, our closed economy finally attains its 
steady state C and this result is shown graphically in Fig 5.

Finally, let us suppose there is a permanent improvement in the legislature landscape 
such that patent laws are more effectively enforced. Better patent laws (Ωit) causes 
knowledge spillover lag time (ℓit) to rise according to equation (7): 

ℓit ≡ Єit ∙ Ωit + (1-Єit) ∙ (Φit).

 Y/VL 
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Using equation (6) once more, the economy will experience a rise in gV (from gV to gV’’), 
without a corresponding rise in FCF. Therefore, even though replacement requirement 
increases as per our previous case, the ray from origin experiences a smaller rise, causing 
smaller decreases in Ke and Y/VL and a change in steady state from B to D. This result 
indicates that an increase in knowledge spillover lag time has a smaller effect on the growth 
of V than an increase in FCF and is shown in Fig 5.  

Figure 5: Steady States under Optimal Efficiency with Various Growth Rates of V

Now that we have reviewed the mechanisms of the model, we shall move on to explore 
the effects of endogenous innovation on long term economic welfare or the growth rate 
of real income per capita within an economy. First, let us assume that the long run ratio 
of labor force to population is constant, with the growth rate of population equaling the 
growth rate of the labor force. Therefore, the growth rate of income per worker will equate 
to the growth rate of income per capita. In addition, from equation (11) we know that

   Y/VL = (EK/VL)α = (Ke) α   

which gives 

   Y/L = (Ke) α  ∙V.

 Y/VL 

Ke = EK/VL  

Y/VL = (EK/VL) α 
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Taking its rate of change, we obtain5

   gY/L = α∙gKe + gV

where gY/L, gKe and gV are the growth rates of real income per capita, efficient capital 
per knowledge augmented labor (Ke) and Value-adding Designs (V) respectively. Using 
equation (12) we know that the change in the ratio Ke is zero in steady state, hence

   gY/L =  gV.

Therefore, the sole determinant of long term welfare growth is the growth rate of Value-
adding Designs. This result is perhaps not surprising, considering the fact that nature put 
a cap on efficiency growth in the first place. However, the surprise is that growth in the 
productivity of existing V does not determine long run growth at all. 

In addition, this result serves to reinforce Solow’s insight that long run growth is 
determined by growth in the Solow Residual, which we have defined earlier as Technical 
Productivity (A). To prove that this model supports Solow’s earlier result, we revisit 
equation (2), which states that

  A = (E)   ∙ (V)      .

By taking the rate of change of the previous equation, we have:

   gA = α∙gE + (1- α)∙gV

where gA is the growth rate of A. Since gE equals to zero in steady state, gA is determined 
solely by gV. Therefore, this proves that, at least on theoretical grounds, our model of 
endogenous innovation fits well with Solow’s results. 

IV.  Concluding Remarks

This paper has shown that long run growth is achievable by ensuring consistent growth 
in Value-added Designs which consist of explicit and implicit vocational information.  
By creating a pro competition, pro intellectual property and pro contract enforcement 
environment, economies can maintain consistent long run growth in designs and hence 
attain its objective of perpetual economic prosperity.

However, the model discussed in this paper is constructed with strict assumptions and 
is hence not comprehensive in documenting the innovation process within an economy. 
Therefore, subsequent research should focus on relaxing these assumptions to explore their 

1-αα

5  The rate of change is derived by taking natural logarithm of previous equation, and then differentiating the 
result once with respect to time.
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corresponding effects on long run growth.  To promote discussion in the aspect, I will list 
down three main assumptions that will grate a little with readers. 

Firstly, Mechanical Efficiency is not the only source of efficiency within an economy 
since there are at least two other existing sources – Digital and Monetary Efficiency. Digital 
Efficiency measures the efficiency of digital equipment such as computer processing 
units, whose output is not power per se but rather its calculation frequency per unit time. 
Monetary Efficiency measures the efficiency of the financial sector within an economy or 
the ratio of actual investment received by intended targets to initial investment amount. 
The main problem here lies in standardizing the measurement of Digital Efficiency, 
which has a unit of measurement that is different from the other two. Currently, Digital 
Efficiency is measured by floating point operations per unit power (Sharma et al 2007), 
while Mechanical and Monetary Efficiency are expressed as ratios without units. If the 
measurement of Digital Efficiency can be standardized without a unit, we will be able to 
derive an aggregate efficiency ratio.

In addition, the assumption that firms utilize their own durable products for production is 
not realistic. Hence, replacement costs per capital for a firm’s machinery are different from 
that of the durable that it produces. A case in point is consumer products manufacturing, 
where final goods are not used for production but consumption. The possible solution for 
this will be to extend the model discussed here to the entire supply chain of an industry.

Lastly, the deliberate control an economy has over its innovation process is diluted 
by random factors such as the nature of an industry (Єit) which weighs the patent laws 
and workers’ moral and contractual obligations to current employers in importance. This 
is a factor that evolves over time with no apparent room for deliberate control. Also, the 
deliberate control an economy has over E is ambiguous. One can conjecture that changes 
in E are a direct result of changes in V, but evidence for this is not concrete at the time of 
writing. 

Nonetheless, the model discussed within this paper forms a basis for us to understand 
endogenous innovation and can be used to identify controllable variables for both private 
and public agents. 

References:

Cohen, Wesley M.; Levin, Richard C.; and Mowery, David C. “Firm Size and R & D Intensity: A Re-
Examination” The Journal of Industrial Economics, Vol. 35, No. 4, (1987):543-565. 

Grossman, Gene M. and Helpman, Elhanan. “Quality Ladders in the Theory of Growth.” The Review of 
Economic Studies Vol. 58, No. 1. (1991): 43-61.

_________. “Endogenous Innovation in the Theory of Growth.” The Journal of Economic Perspectives Vol. 
8, No. 1. (1994): 23-44.

Hall, Bronwyn H. “Investment and Research and Development at the Firm Level: Does the Source of 
Financing Matter?” National Bureau of Economic Research Working Paper No. 4096 (1992)



CECIL ANG 245

Klepper, Steven. “Entry, Exit, Growth, and Innovation over the Product Life Cycle.” The American Economic 
Review Vol. 86, No. 3. (1996): 562-583

Romer, Paul. “Endogenous Technological Change.” Journal of Political Economy Vol. 98, No. 5, Part 2. 
(1990): S71-S102.

Scherer, F. M. “Schumpeter and Plausible Capitalism.” Journal of Economic Literature, Vol. 30, No. 3. 
(1992): 1416-1433. 

Sharma, Sushant; Hsu, Chung-Hsing; and Feng, Wu-chun. “Making a Case for a Green500 List.” The 
Green500 List 01 March 2007 <http://www.green500.org/Home.html>.

Shell, Karl. “A Model of Inventive Activity and Capital Accumulation.” In Essays on the Theory of Optimal 
Economic Growth, edited by Shell, Karl. Cambridge: MIT Press, 1967, 67-85

_________.  “Inventive Activity, Industrial Organization and Economic Growth.” In Models of Economic 
Growth, edited by James A. Mirrlees and Nicholas H. Stern. New York: Wiley, 1973.

Solow, Robert M. “A Contribution to the Theory of Economic Growth.” The Quaterly Journal of Economics, 
Vol. 70, No. 1. (1956): 65-94.

________. “Perspectives on Growth Theory.” The Journal of Economic Perspectives, Vol. 8, No. 1. (1994): 
45-54.



CARROLL ROUND PROCEEDINGS, VOLUME IV (2009) PAGES 246 - 264

TransaCTion Taxes in a FinanCial 
MarKeT Model wiTh TeChniCal and 

FundaMenTal Traders

Simone Nitsch
University of Warwick

1.  Introduction

The current burst of a speculative bubble, due to subprime lending in the United States 
of America (USA), pushes financial markets in many industrial countries in a crisis. All 
important stock markets in the whole world are affected. They are interdependent because 
financial assets are not geographically locatable. Politicians and researchers nowadays 
discuss possible political instruments to avoid such break downs or even better, avoid big 
bubbles at all.

In the present paper one of various discussed political instruments, namely transaction 
taxes, is considered1. A nonlinear financial market model with heterogeneous speculative 
agents is developed. Implementation of transaction taxes in the model should give a possible 
answer of how effective such taxes would be in a real financial market.
Incentive

The proposal of transaction taxes is not new. It ranges back to Keynes (1936) who 
suggested a “Government transfer tax on all transactions” (p. 160) to stem increasing 
volatility in financial markets.

Further on, Tobin (1978) suggested in reaction of rising exchange rate volatility after 
abandonment of the Bretton Woods system in the early 1970s, a tax on all transactions 
regarding currencies. However, the issue was neglected until these days.

Nowadays, a so-called Tobin tax is again in speech of researchers, such as for instance 
Buch et al. (2001), Ehrenstein (2002), ul Haq et al. (1996) and Westerhoff and Dieci 
(2006). High price volatility, occurring bubbles and crashes and in general destabilising 
speculations are apparent in everyday life of financial markets. A transaction tax is hoped to 
stabilise price movements and as a result avoid sudden extreme price up- or downswings.

This paper aims to examine the behaviour of speculative agents when a 0.25% or 0.5% 
transaction tax is introduced in one market. In the model agents are not able to become 
active in other markets or alternative market segments.

1  Alternative political instruments to reduce price volatility in financial markets are named, for example, in 
Spahn (1996).
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Expectations
Transaction taxes are expected to lead to less price fluctuations and as a result increasing 

financial market stability. Forces driving prices into bubbles or crashes are wished to be 
diminished. Stabilising trading shall be encouraged and short term trading is hoped to be 
less profitable. Also, tax revenues should be gained. However, this paper concentrates on 
influences of transaction taxes on prices. 
Outline

The remainder of the paper is organized as follows: In section 2 the applied financial 
market model is developed. Further on, in section 3 an exemplary simulation run without 
transaction taxes is presented and compared to a real world example. Section 4 provides 
exemplary simulation runs firstly introducing a 0.25% and secondly a 0.5% transaction tax. 
Finally, in section 5 a short conclusion will be drawn.

II.  The financial market model

The applied model is an alteration of the model introduced by Westerhoff and Dieci 
(2006)2. The initial change is the reduction of two speculative markets in only one speculative 
market. Hence, speculative agents cannot choose to switch markets if a transaction tax is 
introduced, as they would rationally be likely to do (Buch et al. (2001)). 
Market Participants

In the respective literature speculative agents are predominantly divided into two 
groups: Chartists, also known as ‘noise traders’ or technical analysts and fundamentalists, 
also known as ‘smart money’ traders or fundamental analysts (e.g. Brock and Hommes 
(1998), Chiarella (1992) or Neely et al. (1996)). 

Technical analysts’ goal is to recognise trends in past price movements, to analyse3 
them and to develop expectations about future prices (e.g. Lo et al. (2000) or Neely et al. 
(1996)). Chartists assume that all relevant information is already enclosed in the price. If 
the price increases (decreases) agents are willing to believe it will stay that way and take 
it as a buying (selling) signal (e.g. Westerhoff (2004)). Hence, they destabilise markets by 
forcing the price away from its fundamental value (e.g. Neely et al. (1996)).

Fundamentalists belief in stationarity of a series and thus that there is a fundamental 
value to which the price keeps always coming back. If the price is higher (lower) than 
the assumed fundamental value they think it is overvalued (undervalued) and take the 
situation as a selling (buying) signal (e.g. Chiarella et al. (2005), Day and Huang (1990) 
or Lux (1997)). According to Frankel et al. (1998) the market’s fundamental value could 
be defined “as the present value of its expected future dividends based on all currently 
available information” (p. 286). Such information can include, for example, the state of the 
2  Westerhoff and Dieci (2006) developed a model in which heterogeneous speculative agents can choose to 
trade in one of two speculative markets. A transaction tax was introduced firstly in one market secondly in 
both markets. 
3  Technical analysing methods include for example price charts, summarised statistics or computer services 
(Taylor and Allen (1992)). Accordingly, moving averages and online chartist computer services are predomi-
nantly in use in financial markets.
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national economy, the situation of industry or companies’ evaluation. However, information 
is heterogeneously distributed among speculative agents and thus estimation of the true 
fundamental value is impossible in practice.

Taylor and Allen (1992) found that speculative agents in today’s financial markets 
use both trading strategies. Accordingly, technical analysis is predominantly important to 
form their short term expectations and fundamental analysis to manifest their long term 
expectations. However, short term activities dominate in foreign exchange markets (e.g. 
Westerhoff (2005)). Therefore the chartist approach dominates and has a destabilising 
effect on the price that is driven away from its fundamental value. Another reason for 
endogenous dynamics is for example social interaction among speculative agents and as a 
result herd behaviour.
Equations

The model contains one speculative market. Speculative agents can select their trading 
strategy among three trading options: They can apply technical analysis, fundamental 
analysis or they can choose to not trade at all. Speculative agents tend to consider strategies 
which have proven to be profitable in the past (Kahneman et al. (1982)). Therefore, they 
pick a trading option depending on the relative profitability of the respective strategy. 
Profitability is given as a weighted average of current and past profits. If profitability of 
one trading rule proves to be high, more agents will select it. After submitting their orders, 
prices adjust via a price impact function4: Excess demand (selling) drives prices up (down).

The time structure of the model is as follows: In period t 2−  orders are submitted, in 
period t 1−  price adjustment takes place and finally in period t  profits emerge.

An approximation of a price impact function is given as a log-linear impact function 
suggested by Farmer and Joshi (2002) that guarantees positive prices. The log price (S ) 
in period t 1+  is given as

 m c c f f m
t 1 t t t t t tS S a (w d w d ) r+ = + + + with m mr N(0, )∼ s  (1)

whereas ma is a positive price adjustment coefficient, c
td ( f

td  ) represents the orders of 

agents applying technical (fundamental) analysis at time t  and c
tw ( f

tw ) denotes the share 
of agents following the technical (fundamental) strategy at time t . A normally distributed 

random variable mr  is added to the price impact function to catch disregarded influences 
on price, such as existence of market makers or market regulations.

 
Orders submitted by agents adopting technical analysis are determined by

 c c c
t t t 1 td a (S S ) r−= − +  with c cr N(0, )∼ s  (2)

with the positive reaction coefficient ca . It forces the price away from its fundamental 

4  The considered price impact function is shown in equation (1).
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value and captures positive short term trends. cr  is normally distributed and catches 
neglected technical trading rules.

Orders generated by agents applying fundamental analysis are specified as

 f f f
t t td a (f S ) r= − +  with f fr N(0, )∼ s   (3)

including a positive reaction coefficient fa  that drives the price to its fundamental value 
that is represented by f and set constant for simplicity5. As aforementioned, if the price is, 
for example, above the fundamental value t(f S )<  fundamentalists assume it as a selling 

signal and the other way around. The random variable fr  is normally distributed and 
captures estimation errors of the true fundamental value.

Agents pick a trading strategy in respect to the profitability ( p ) of each strategy. The 
option ‘no trading’ has a profitability of zero.

 0
tp 0=  (4)

 
The respective profitability of the technical and fundamental trading rule is given as

 c c c c
t t t 1 t 2 t 1 t t 1 t 2p Exp[S ] Exp[S ]d p g tax(Exp[S ] Exp[S ]) d− − − − −= − + − +   (5)

 f f f f
t t t 1 t 2 t 1 t t 1 t 2p Exp[S ] Exp[S ]d p g tax(Exp[S ] Exp[S ]) d− − − − −= − + − +   (6)

whereas g  is a memory parameter measuring whether current profitability is generally 
taken into account selecting a trading strategy. If g 0= , profitability matches current 
profits. If g 1= , profitability equals the total of all past profits. The higher the value for 
the coefficient g , the more profitability depends on past performance. The first part of 

the equation c
t t 1 t 2(Exp[S ] Exp[S ]d )− −−  represents short term profits and the second part 

c c
t 1 t t 1 t 2(p g tax(Exp[S ] Exp[S ]) d )− − −− +  displays the trading costs due to a transaction tax, 

whereas tax  is the respective tax rate.
A discrete choice model, suggested by Manski and McFadden (1981), is applied to 

measure the respective weight of each of the three different strategies among speculative 
agents can choose. The weight of each trading rule is written as

 
c

c t
t c f 0

t t t

Exp[p h]w
Exp[p h] Exp[p h] Exp[p h]

=
+ +

  (7)

5 Other approaches, for instance, assume the fundamental value as a random walk (e.g. De Grauwe and 
Grimaldi (2005)).



TRANSACTION TAXES IN A FINANCIAL MARKET MODEL 
WITH TECHNICAL AND FUNDAMENTAL TRADERS

250

 
f

f t
t c f 0

t t t

Exp[p h]w
Exp[p h] Exp[p h] Exp[p h]

=
+ +

 (8)

with h  as a rationality parameter that displays whether the majority of traders is likely 
to select the most profitable trading strategy. If h 0= , agents disregard profitability of the 
employed trading strategy and use all trading options equally in a one third portion each. 
If h → ∞ , all agents will pick the trading rule with the highest profitability. An increasing 
h  implies more and more agents select the trading option with the highest profitability.

The weight of the fraction choosing the trading strategy ‘no trading’ is given by the 
following equation

 0 c f
t t tw 1 w w= − −   (9)

whereas it is defined as one minus the proportion of speculative agents picking other trading 
rules.

III.  Functionality of the model without transaction taxes

The employed model aims to give a good imitation of real price dynamics in a 
financial market. Unfortunately, there is little empirical evidence of how to set the model’s 
parameters. Westerhoff and Reitz (2003) found that the reaction coefficients of technical 
and fundamental trading strategies range between 0 and 0.1 based on daily data. The other 
parameters are chosen to calibrate the model to produce reasonable dynamics. Table 1 
presents the applied parameter setting for the exemplary simulation run shown in Figure 1.

Table 1: Parameter setting
ma = 1 ms = 0.01 g = 0.97
ca = 0.02 cs = 0.035 h = 600
fa = 0.02 fs = 0.01 f = 0

tax = 0
 
Simulation of the model

An exemplary simulation run is visualised by Figure 1. It contains 6500 observations 
and therefore corresponds to a period of 25 years weekdays trading . 

The first panel shows the log price behaviour over time. For example, shortly 
after period 4500 until period 5500 a long lasting crash occurs enclosing a time span of 
approximately three years. In reality, bubbles or crashes can last for longer than that (see 
section 3.3). 

Panel two displays the weights of the three trading options among which speculative 
agents can choose, whereas the weight of technical analysts is represented in black, the 
weight of fundamental analysts appears in grey and the trading strategy ‘no trading’ in 
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white. For instance, in period 3500 chartists outweigh fundamentalists by approximately 
90% to 5% and a bubble emerges, but a few periods later fundamental analysts force the 
price down to its fundamental value and prevail over chartists. During the mentioned 
time, almost all speculative agents trade and the option ‘no trading’ is very unpopular and 
unprofitable. On average the weight of chartists is 37%, of fundamental analysts 33% and 
an approximate 30% fraction of the speculative agents do not trade. 

The third panel reports returns. Volatility of the plotted returns tends to cluster, times 
with little amplitude alternate with moments of much higher amplitude. If the price is 
close to its fundamental value, returns are relatively equal and fluctuate around +/- 0.04. 
However, if bubbles or crashes occur, returns are much higher and oscillate around +/- 
0.08. Additionally, in those phases the weight of chartists is extreme high (almost 100%). 
This fact suggests that technical analysis, in times of great distance of the price to its 
fundamental value, is more profitable than the other two possible trading strategies.7 
Figure 1:  Simulation run

The first panel shows log price movement, the second weights of the three trading 
strategies (chartists (black), fundamentalists (grey) and agents not trading (white)) and 
the third panel plots returns. 
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7 See De Grauwe and Grimaldi (2004) for further characteristics of bubbles and crashes in speculative mar-
kets.
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Stylised facts
This section focuses on five out of numerous stylised facts found by various studies 

of financial markets8 to show the model’s strengths imitating reality: (1) Appearance of 
speculative bubbles and crashes, (2) High volatility, (3) Volatility clustering, (4) Heavy 
tails and (5) Insignificant autocorrelation of returns. 

(1) In financial markets prices do not match their fundamental values. Bubbles and 
crashes occasionally occur, although rational agents with rational expectations would 
suggest that prices have to reflect their fundamental value (Blanchard and Watson (1982)). 

(2) Prices strongly fluctuate. Inter alia, endogenous behaviour of speculative agents 
implies frequent price changes.

(3) Volatility of returns tends to cluster. Periods with low volatility alternate with times 
of higher variations of returns. According to Ding et al. (1993) significant autocorrelation 
of absolute returns can occur for long lags and is therefore characterised as ‘long memory’.

(4) Log price changes are not normally distributed. Hence, their kurtosis exceeds 3.
(5) The autocorrelation of daily log price changes is insignificant. This fact is often 

called ‘random walk’. 
The first three stylised facts are apparent in Figure 1 but can be further analysed with 

behalf of a Monte Carlo study, represented in Table 2. It shows the results of the following 
variables for ten runs containing 6500 observations each: Minimum, maximum and mean 
returns, standard deviation, kurtosis and distortion of the returns. Returns are defined as log 
price changes and distortion as absolute distance between log prices and log fundamental 
values.

Table 2: Monte Carlo study without transaction taxes
Min Max Mean Standard deviation Kurtosis Distortion

run 1 -0.1016 0.1051 -0.0000024 0.019203 5.098 0.1385
run 2 -0.1019 0.1237 0.0000327 0.019020 5.365 0.1453
run 3 -0.0991 0.1077 -0.0000253 0.018599 5.272 0.1051
run 4 -0.1143 0.0912 0.0000167 0.019123 5.061 0.1441
run 5 -0.0910 0.0745 0.0000060 0.017888 4.689 0.1332
run 6 -0.0828 0.1079 0.0000377 0.018532 5.167 0.1029
run 7 -0.1152 0.0948 0.0000044 0.017559 5.302 0.0873
run 8 -0.1102 0.1174 0.0000212 0.019541 5.812 0.1278
run 9 -0.1244 0.1104 -0.0000065 0.020455 5.385 0.1623
run 10 -0.0974 0.0946 -0.0000211 0.018029 5.155 0.1368

Returns range approximately between +/-11% and denote high price volatility. Mean returns 
are close to zero and standard deviation is small implying a symmetric model. Kurtosis 
exceeds 3 signifying not normally distributed returns and distortion scatters around 12%.
Returns range approximately between +/-11% and denote high price volatility. Mean returns 
are close to zero and standard deviation is small implying a symmetric model. Kurtosis 
exceeds 3 signifying not normally distributed returns and distortion scatters around 12%. 
8 Diverse stylised facts can be found, for instance, in Cont (2001), Lux and Marchesi (2000) or Menkhoff 
(1005).
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Figure 2: Autocorrelation functions

The first panel shows the autocorrelation function of returns for 100 lags and the second 
panel displays the autocorrelation function of absolute returns for 100 lags.

Figure 2 shows in the first panel the autocorrelation function of returns and the second 
panel the autocorrelation function of absolute returns over 100 lags. The solid lines in both 
panels mark the respective borders of significance. It can be noted that autocorrelation 
of returns is predominantly insignificant suggesting a random walk of price movements. 
However, absolute returns correlate significantly over quite a long time (100 lags) and 
slowly decay implying long memory in volatility.
It can be stated that all aforementioned stylised facts of real financial markets are well 
imitated by the introduced financial market model.
Comparison with the historic USD/DM exchange rate

In this section the developed model is compared to an actual exchange rate.9 The 
historic exchange rate of the Dollar of the USA10 and the Deutsche Mark11 between 1973 
and 1998 is considered. Respective data was collected from Deutsche Bundesbank (2007) 
and comprises 6500 observations. In Figure 3 the log exchange rate of the historical USD/
DM is visualised. 

9 An exchange rate represents the price for one currency expressed in another. For example, the price of 1 
USD is 2 DM. Hence, agents pay a price of 2 DM buying 1 USD.
10 In the following called USD.
11 In the following called DM.
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Figure 3: Historical USD/DM log exchange rate 

source: own calculation using data from the Deutsche Bundesbank (2007)

Figure 3 shows high volatility of price and a big bubble in the time span 1980 until 
1988 supporting the first two above named stylised facts. Indeed, it is not clear where 
the fundamental value should be located. However, the emerging bubble lasts longer than 
bubbles or crashes in the employed model.

Further on, Figure 4 presents the returns of the log prices.

Figure 4: Returns of the historical USD/DM log exchange rate 

source: own calculation using data from the Deutsche Bundesbank (2007)
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The first panel shows the autocorrelation function of returns for 100 lags and the 
second panel displays the autocorrelation function of absolute returns for 100 lags.

The autocorrelation of returns remains insignificant whereas absolute returns correlate 
over time. Hence, Figure 5 sustains the existence of a random walk of price development 
and long memory.

Almost all of the above mentioned stylised facts can be demonstrated in the real world 
example. Hence, the in section 2 developed financial market model is a good imitation of 
actual financial market dynamics. Results of introducing transaction taxes in this model 
need to be carefully considered predicting real consequences for financial markets.

IV.  Simulation of the Model including transaction taxes

One characteristic of financial markets is high trading volume and as a result high price 
volatility (see, e.g. Buch et al. (2001), Eichengreen at al. (1995) or ul Haq et al. (1996)). 
According to Ehrenstein (2002), 80% of transactions in the foreign exchange market are 
short term oriented. As above mentioned, speculative agents use predominantly technical 
analysis to generate short term expectations (Taylor and Allen (1992)). Hence, in the short 
run destabilising forces outweigh the stabilising fundamental strategy. Speculative agents 
already gain profits from very small price differences, such as   trading in foreign exchange 
markets (Ehrenstein (2002)). Therefore, a slight transaction tax could reduce short-term 
trading volume and as a result stabilise prices and encourage long-term trading.
History of transaction taxes

Keynes (1936) early suggested a “Government transfer tax on all transactions” (p. 
160) that should reduce increasing speculation, not only in financial markets. 

Tobin (1978) was the next one paying attention to this subject. He reacted to increasing 
exchange rate volatility after the breakdown of the Bretton Woods system in the early 
1970s. Accordingly, he feared serious economic consequences regarding inflation and 
interest. Tobin suggested an international uniform transaction tax as high as 1% per “spot 
conversion of one currency into another, proportional to the size of the transaction” (p. 
155). However, his proposal remained disregarded until nowadays. 

These days a so-called Tobin tax of 0.05% up to 0.5% is discussed (ul Haq et al. 
(1996)). Accordingly, the debate’s spotlight is not only laid on high exchange rate volatility 
it also focuses on potential revenues. Hence, the tax should not be set too low, because 
revenues would be small and price variations would only slightly be affected. On the other 
hand, it shall not be set too high, since returns need to exceed tax to a certain level to not 
stop speculative trading at all (e.g. Raffer (1998)). According to Buch et al. (2001) high 
transaction taxes could lead to liquidity problems in the market. Furthermore, introduction 
of a transaction tax could push speculative agents out of the market, because they rationally 
rather look for other possibilities to gain profits. However, the main goal of transaction 
taxes is to reduce short term trading and as a result deplete destabilising forces in the 
markets (ul Haq et al. (1996)). Thus, active speculative agents would have to pay the tax 
every time they buy or sell an asset. If they trade short time oriented to make profit out of 
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very small price changes, they would pay taxes more often, maybe manifold a day, than 
traders with long term aspirations. Hence, a transaction tax would in theory lead to less 
short time trading (e.g. Eichengreen et al. (1995) or ul Haq et al. (1996)). 
Implementation of transaction taxes in the model
In this section two exemplary settings introduce firstly a 0.25% and secondly a 0.5% 
transaction tax. Further on, two exemplary simulation runs with the mentioned tax rates 
are analysed.

The model with a 0.25% transaction tax
The parameter setting for a 0.25% transaction tax generally imitates Table 1, except 

the implemented tax.
An exemplary simulation run, containing 6500 observations including a transaction 

tax as high as 0.25%, is represented in Figure 6. The results of the simulation are similar to 
the in section 3.1 mentioned ones. 

The first panel shows the evolution of log prices over the respective time period. 
Remarkable is the decline of volatility. In Figure 1 the top of a bubble easily reached 0.6 
and the bottom of an occurring crash -0.6. Contrary, in Figure 6 the tip of a bubble hardly 
reaches 0.5 and the bottom of a crash possibly -0.3. This finding sustains the expectation 
about declining volatility due to transactions taxes.

Panel two displays the weights of the three trading strategies, whereas black represents 
technical analysts, grey fundamentalists and white non-trading agents. The weight of 
fundamental analysts increased somewhat comparing to the situation without transaction 
taxes and is about 35%. The fraction of agents who do not trade increased up to 45% 
which leaves the weight of the chartists at circa 19%. Nevertheless, in times of a bubble, as 
around period 3500, technical analysts outweigh non-traders and fundamentalists by more 
than 50%. This occurrence sustains that there have to be times in which technical analysis, 
hence short term trading (Taylor and Allen (1992)), is profitable even paying a transaction 
tax. In these phases, profits must exceed potential tax payments to a high enough level to 
encourage speculative agents to apply technical analysis. 

The third panel represents returns. There are still periods of low volatility around +/- 
3% alternating with times of higher variations of returns, whereas the latter more seldom 
occur. However, maximum and minimum returns are much lower, namely around +/- 7%, 
than seen in Figure 1 which is also provable by the outcome of the respective Monte Carlo 
study.
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Figure 6: Simulation run with a 0.25% transaction tax

The first panel shows log price movement, the second weights of the three trading strategies 
(chartists (black), fundamentalists (grey) and agents not trading (white)) and the third panel 
plots returns.

The model with a 0.5% transaction tax
The second exemplary simulation run also contains 6500 observations, but includes 

a 0.5% transaction tax, and is presented in Figure 7. The respective parameter setting is as 
in Table 1 plus the tax.

In the first panel in Figure 7 the development of the log price is displayed. Former 
bubbles and crashes, seen in Figure 1 and 6, almost disappear, except for one bubble in the 
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last 500 periods. Therefore, the log price is fluctuating around +/- 0.2, only the tip of the 
bubble reaches 0.6. Hence, price volatility decreased compared to the initial situation and 
the case of introducing a 0.25% tax.

Figure 7: Simulation run with a 0.5% transaction tax

The first panel shows log price movement, the second weights of the three trading strategies 
(chartists (black), fundamentalists (grey) and agents not trading (white)) and the third panel 
plots returns.

The second panel shows the weights of the three possible trading options. Chartists, 
represented in black, are only a fraction of about 7%. Remarkable is the weight of 
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technical analysts during the bubble at the end of observations. In this phase they prevail 
over fundamental analysts (grey) with approximately 35% to 5%. Therefore, even with an 
implemented transactions tax as high as 0.5% bubbles emerge and technical analysis may 
be profitable. However, non-traders (white) outweigh the other groups with a weigh around 
64%. The weight of the fundamental analysts decreased to about 29 %.

Returns are plotted in the third panel. The well known clustering phenomenon is still 
slightly visible, while phases of low volatility alternate with only one or two periods of 
higher amplitude, as can be seen, for instance, proximately around observation 6000. Before 
and after period 6000 returns fluctuate around +/- 3% and exactly in the mentioned period 
returns increase to about +/- 6%. Maximum and minimum returns diminished, compared 
to the two afore analysed situations without and with a 0.25% tax, to a level about +/- 5%, 
as reported by the respective Monte Carlo study.
The outcomes of the simulation with transaction taxes

Some of the in section 3.2 mentioned stylised facts are also applicable to the outcomes 
of the simulation including transaction taxes. 

Although price changes’ volatility declined (see Figure 8) there are still emerging 
bubbles and weak crashes and as a result prices do not match their fundamental values. 

As can be seen in Figures 6 and 7, volatility clustering almost disappeared, but 
nevertheless can be recognised. This phenomenon is more visible when a 0.25% is 
introduced than in the situation implementing a 0.5% tax. The autocorrelation function of 
absolute returns, displays for a 0.25% transaction tax long memory until lag 70. However, 
for a 0.5% transaction tax almost all results are insignificant. This fact suggests that absolute 
returns become completely random if a higher transaction tax is introduced, implying 
irregular behaviour of speculative agents and as a result erratic price movements.

Log price changes are not normally distributed whereas the kurtosis scatters around 4 
for a 0.25% transaction tax and comes close to 3 for a 0.5% transaction tax. The latter fact 
implies that introducing a 0.5% transaction tax would lead to almost normally distributed 
log prices changes.

Those facts suggest the existence of a random walk of daily log prices. Implementation 
of transaction taxes, therefore do not influence insignificant autocorrelation of daily log 
price changes.

The left figure in Figure 8 presents the impact of transaction taxes, introduced in twenty 
steps, ranging from 0 unto 0.5%, on volatility and distortion. The results are averages of 
the results of ten simulation runs, whereas each simulation run contains 6500 observations. 
The parameters were set as reported in Table 1.

The first panel shows the influence of transaction taxes on volatility price changes. It is 
defined as absolute distance between log prices in period   and  . In times with no or very low 
transaction taxes volatility levels around 1.3% which implies high log price changes from 
one period to another. Introducing a 0.25% transaction tax reduces the volatility to a state 
below 1%. Further tax increase does not lead to much further reduction of volatility. The 
graph goes slightly down, but there seems to be a stable point. Hence, a high transaction tax 
does not necessarily decrease volatility compared to the situation introducing lower taxes.
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In the second panel the impact of transaction taxes on distortion is displayed. As 
mentioned in section 3.2, distortion is defined as absolute distance between log price 
changes and log fundamental values. It can be stated that transaction taxes firstly lead to 
less distortion. However, as the tax rate exceeds a certain level distortion increases again. 
Distortion oscillates around 12% without a transaction tax. Thus, a 0.25% transaction tax 
diminishes distortion to approximately 8%. Further rise of tax also increases distortion. 
Introducing a 0.5% transaction tax distortion is higher than implementing a 0.25% tax, 
whereas it still remains below the level of distortion without a transaction tax. Therefore, a 
transaction tax seems to be ineffective if the tax rate exceeds approximately 0.3%.

The observed, on first sight contra intuitive, behaviour of the distortion can be 
explained by taking a look on the variations of the weights of the three speculative trading 
rules presented at the right hand side in Figure 8. The same aforementioned simulation 
procedure was applied to produce the displayed results. 

The first panel shows the evolvement of the weight of the technical approach. It 
continuously declines while transaction tax increases unto a level of under 10%. This fact 
proves the assumption that technical analysis is most profitable in short-term transactions 
and profits musts exceed tax to encourage speculative agents to pursue risky transactions.

In the second panel the development of the weight of fundamental analysts is displayed. 
Introduction of a low transactions tax leads to slightly more speculative agents choosing 
the fundamental trading strategy. However, when transaction taxes exceed that level the 
weight of fundamentalists decreases unto around 20%. This observation indicates that even 
the fundamental rule becomes unprofitable, if transactions taxes increase.

The third panel plots the impact of transaction taxes on the weight of the non-trading 
strategy. It can be stated that increasing taxes lead to a rising weight of the fraction of 
non-trading agents. Note, that a tax as high as 0.5% leaves only approximately 20% of 
the speculative agents active. Hence, a profit of zero seems to be the best option in this 
situation.
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Figure 8: Impact of transaction taxes on volatility and distortion as well as on weights of 
the three trading strategies

Left: The first panel shows the impact of transaction taxes on volatility and the second on 
distortion. 
Right: The first panel shows the impact of transaction taxes on the weight of chartists, the 
second of fundamental analysts and the third of non-traders.  The outcomes are averages of 
ten simulation runs each containing 6500 observations with a tax rate established in twenty 
steps. Parameters were set as shown in Table 1.

If introducing a 0.5% transaction tax, it is worth asking, why the distortion increases 
when chartists stop trading. Originally, it was assumed that technical analysts force the 
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price away from its fundamental value and fundamentalists drive it back. Hence, if the 
majority of chartists stop trading, there is no such force anymore. Fundamentalists outweigh 
technical analysts and prices should almost reflect the fundamental value. However, they 
themselves lost weight, meaning, even some of them stopped trading. Therefore, there is 
no force driving prices in the direction of their fundamental value and as a result leads 
to re-increasing distortion. Because most speculative agents do not trade anymore, the 
remaining fundamental analysts are not able to push the price back to its fundamental value 
and the chartists cannot push it away from it. The price seems to fluctuate more randomly 
around the fundamental value than in the situation implementing a 0.25% transaction tax. 
This fact is sustained by insignificant autocorrelation of absolute returns over time. 

In case of introducing a 0.25% tax rate about half of the speculative agents trade 
and as a result cause endogenously profitable price movements. On the other hand, more 
bubbles and crashes occur than implementing a higher transaction tax.

V.  Conclusion

Concluding can be stated that the employed financial market model with heterogeneous 
speculative agents is able to well imitate real financial market behaviour. It produces 
high volatility, bubbles and crashes emerge, volatility clusters, returns are not normally 
distributed and follow a random walk. Therefore, the technical and fundamental approach 
seems to be a good explanation for endogenous price dynamics. Further on, the model is 
usable to provide reliable information of how political instruments, in the present case 
transaction taxes, may influence financial market dynamics.

Implementation of transaction taxes leads to the volitional effect of less price 
variations. However, bubbles and crashes still occur, even introducing a high transaction 
tax of 0.5%. Hence, there are moments when destabilising technical analysis can be highly 
profitable regardless of a transaction tax. Volatility in total decreased, but transaction taxes 
are unable to avoid bubbles and crashes at all. At least, the extent of them diminished. 
This fact suggests that transaction taxes may not be the right political instrument to avoid 
bubbles and crashes. 

Furthermore, in the present case speculative traders cannot switch to other markets 
and therefore stop trading when a transaction tax is introduced and trading becomes 
unprofitable. Indeed, not trading can cause, for instance, liquidity problems and as a result 
non effective working financial markets (Buch et al. (2001)). 

Further on, it can be stated that a Tobin tax of 1% is unrealistically high and therefore 
researchers nowadays propose much lower taxes. Even a 0.5% tax is very great and can 
induce unwelcome consequences, such as increasing distortion and unprofitable trading. 
Further research will be necessary to estimate the best suitable tax rate for reducing volatility 
while not pushing speculative agents out of the market or stop them trading at all and 
ensure effective financial markets. Alternatively, comparable cheap political instruments 
should be researched and analysed. 
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I.  Introduction

It has been five years since the Korea-Chile Free Trade Agreement (KCFTA) was 
officially put into effect in 2003.  Korean farmers harshly protested the ratification of this 
agreement, some even committing public suicides in defiance.  They were very anxious 
about the agreement because Chile has always been the largest exporter of agricultural 
products to Korea, supplying a vast amount of them annually ever since Korea opened 
her agricultural sector to foreign countries in 1996.  However, in the years after the 
implementation of the KCFTA, the public outburst has quelled.  Some might argue that 
this was actually because the farmers felt that further protest was useless since the KCFTA 
was already ratified.  However, there could be other economically explicable reasons that 
soothed the farmers, which are the main motivations for this paper to examine what has 
happened in the agricultural sector in Korea.

This study chooses the grape industry as an empirical example to show how the KCFTA 
has affected the domestic agricultural economy of Korea, because it has one of the largest 
domestic productions among the major goods imported from Chile.  Korea imports a vast 
amount of copper and copper-related goods, taking 78.4 percent of the total import value 
from Chile (Cho 2007, 8).  However, it barely harms the domestic copper industry because 
that copper is a very rare mineral resource in Korea.  Although grapes make up a much 
lower fraction of total imports from Chile than copper, the anti-FTA sentiment against the 
import of grapes was much stronger.  This was because grapes are also cultivated in Korea 
and have a significant socio-economic reason for protection according to the traditional 
idea that agriculture is the basis of a nation.

Moreover, while other targeted agricultural products of the KCFTA barely faced 
direct duels with incoming products from Chile, the Korean grape industry was exposed 
to comparative disadvantage and had a very little chance to survive in the newly emerging 
competition with far cheaper Chilean grapes.  Domestic media outrage and the collective 
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actions of labor unions concentrated their concern on the grape industry when the KCFTA 
talks were being conducted from 2000 to 2003.  Very strong anti-KCFTA demonstrations 
that specifically focused on grapes took place over an extended period, demonstrating the 
symbolic significance of the grape industry.

However, five years after the agreement was signed, some pro-FTA media opinions 
cautiously began suggesting that the KCFTA had not damaged the domestic farmers as 
much as they originally estimated, in contrast to this earlier rage stemming from the fear 
that imports of Chilean grapes would threaten domestic grape production.  Some of them 
even claim that the KCFTA has even improved the farmers’ welfare in contrast to the 
initial forecast.  Meanwhile, others still argue that the KCFTA is still an ongoing problem 
for domestic farmers and it is an irrevocable mistake of the Korean government to lose its 
agricultural independence in grapes forever to Chilean exporters.

Given the confusion over the actual impact of the KCFTA, this paper would like to 
examine gains and losses of the Korean economy as a result of the opening of the domestic 
grape market.  Answering this question is crucial not only to discover why the strong anti-
FTA movements among the domestic grape producers have calmed down, but also to bring 
some insight to future free trade agreements by verifying both positive and negative sides 
of certain economic decisions on the comparatively disadvantaged sector.  This paper will 
cover what previous literature suggests on both free trade agreements in general and the 
KCFTA regarding the agricultural sector, followed by the general trends of the domestic 
Korean grape industry before and after the KCFTA was signed.  Also, unlike previous 
works on the KCFTA topics, this paper will apply regression analyses to studies on the 
agreement in order to examine how the productivity and price volatility of the Korean 
grape market have moved before and after the KCFTA.

II. Previous Literature

There are not many papers that specifically focus on the issue of the KCFTA and the 
Korean grape industry.  Although several articles have discussed the effect of the KCFTA 
on domestic agricultural markets including grapes, the existing articles usually assessed the 
KCFTA in terms of its broad macroscopic effect, focusing rather on raw statistical data than 
on trends or regression models.  Moreover, some of them lacked objectivity because most 
of the governmental articles by the Ministry of Foreign Affairs and Trade or the Ministry of 
Agriculture were in the form of a public advertisement of national policy results.

For the purpose of a more objective and rigorous assessment, this paper refers to both 
general studies on free trade agreements and specific papers on the Korea-Chile Free Trade 
Agreement.  Firstly, there are a number of articles representing both pro-protection and 
pro-liberalization voices.  One economic research that examines the effect of agricultural 
liberalization in preferential trade agreements (PTAs: usually used as another way to 
refer free trade agreements) suggests that “the special treatment of agriculture has both 
positive and negative facets” (Asia-Pacific 2006, 128).  The following passage in the work 
summarizes the two opposite positions very clearly.
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… the bracketing of especially sensitive agricultural products enables 
trade negotiations to move forward and to focus on other sectors where 
mutual benefits could be found.  It prevents lengthy stalling of trade talks 
on the issue of agriculture, […] making PTAs more welfare-enhancing 
and mutually beneficial.  Moreover, even with an extended timeframe for 
liberalization, PTAs nevertheless manage to include sensitive products for 
eventual liberalization, a feat that would have been virtually impossible 
without special extension. […] Unfortunately, a downside also exists.  
With different countries excluding different sensitive agricultural products 
from liberalization, future harmonization or multilateralization as a stop-
gap measure while a multilateral trade talk is stalled… (Asia-Pacific 2006, 
128-129)

Some of the advocates of the preferential or free trade agreements argue that these are 
gateways to the broader trade liberalization for the countries involved in the agreements 
and benefit not only themselves but also everyone around the world by making the WTO 
regime more extensive.  They argue that the FTAs promote tariff cuts that eventually 
become extensive to other nations under the most favored nation (MFN) clause, making 
the countries encouraged to experience the similar benefit from tariff reduction towards 
other nations to the tariff cut from their FTAs. (Bohara 2003, 85)  This definitely is a win-
win game for the rest of the world to enjoy the economic benefit from the more extensive 
trade liberalization.

Some advocates of FTAs also emphasize the improvement of productivity as one 
of the major benefits from them.  Observing cross-country data analyses, they claim that 
FTAs are beneficial for countries because FTAs improve the total factor productivity of 
participants.  The improvement of productivity is often observed across the country when the 
country joins a certain trade agreement, improving productivity in not only comparatively 
advantaged sectors but also comparatively disadvantaged ones. (USITC 2003, 100-101)  
The USITC report also finds out that there is a positive correlation between low tariff and 
productivity growth when the scope is narrowed down to specific industries. (USITC 2003, 
111)  Also, another USITC report assessing the productivity improvement argument shows 
the empirical evidence that “productivity growth accelerated after the trade reform, … [and] 
low-protection sectors showed higher productivity growth than high-protection sectors.” 
(USITC 1997, 3-20)  Moreover, it is empirically proven from quantitative research that 
the exclusion of a certain sector in building any FTA will significantly limit its benefits: 
mainly the improvement of productivity along with extensive welfare growth in country. 
(Medvedev 2006, 47-48)  Therefore, when evaluating the positive effects of the KCFTA, it 
is crucial to assess if productivity is significantly improved in the grape industry of Korea 
after the ratification of the KCFTA.

In contrast, other trade economists claim that FTAs are harmful for countries to 
liberalize their economies.  The main argument is that countries are less likely to trade 
with non-FTA countries if they can get what they want already from their FTA partners.  In 
this case, the countries with FTAs will rather import exclusively from designated partners 
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than open their economies to other countries by reducing their general tariff level.  Thus, 
there is less incentive for countries with multiple FTAs to involve in the extensive trade 
liberalization that other countries expect to them. (Limao 2006, 912)

Since both pro- and anti-FTA economists agree that trade liberalization benefits 
everyone, the question left for countries is if FTA is indeed beneficial for them.  Therefore, 
this leads to the conclusion that the benefit from joining any FTA is ambiguous.  For that 
reason, the main objective of this paper to assess the effect of the KCFTA on the Korean 
grape market is relevant to research further.

On the other hand and more importantly, there are several papers focused specifically 
on the agricultural part of the KCFTA.  Many domestic research papers, authored by 
agriculture advocates, display apparent support to the benefit of gradual tariff reduction 
and protectionist policies along with the KCFTA.  Lim (2004) states that the improvement 
of competitiveness in the agriculture sector is in some sense invalid.  He points out that 
45 percent of domestic farmers are older than 60, and the average size of per-household 
field is 0.7 hectare or 1.73 acre (Lim 2004, 89).  From this, it is observable how aged and 
micro-sized the domestic agricultural households are, and at the same time how difficult it 
will be for them to improve their competitiveness and efficiency against the surge of cheap 
and mass-produced Chilean grapes.  According to Lim, this justifies suggesting that the 
government should protect sectors in comparative disadvantage to exempt them from the 
obligated tariff reduction (Lim 2004, 90).

Other comparative studies on the KCFTA suggest that Korea is not experienced enough 
to allow immediate trade liberalization, because the intention behind the KCFTA was that 
“Korea felt it needed to pursue pacts with smaller partners first in order to minimize the 
risk and possible losses and to gain negotiating and operational experience of FTA” (Avila 
2004, 7).  This led to a very careful and time-consuming trade agreement construction, 
and the protectionist opinions of Korea often claim that the current damage on the Korean 
grape industry is cushioned because “exports of grapes from Chile were given ten years 
until liberalization” along with the promise for the perpetual maintenance of “seasonal 
tariff scheme” (Avila 2004, 10).  This way, Korea could secure herself to join the FTA with 
Chile regardless of the obviously expected loss in the grape industry.

On the other hand, other works support the FTA because it benefits consumers 
both quantitatively and qualitatively.  The governmental report on the comparatively 
disadvantaged sectors of the KCFTA says that “the improved competitiveness in quality [of 
domestic grapes] caused consumer demand and price [for domestic grapes] to increase,” 
in contrast to the initial expectation (Lee 2007, 11).  This argument is backed up by the 
temporary increase in total production and total size of grape fields in the year 2006.  This is 
a significant observation in the sense that it has been only five years since the KCFTA was 
put into effect in 2003.  Although it might be an outlier outcome, the observation should not 
be neglected easily until the legitimately long-term trend of observations is made.

The paper also points out that the damage rebate program for grape farming households, 
which guarantees 80 percent of revenue based on pre-FTA prices in case the market price 
drops by more than 20 percent due to the KCFTA, has never been used (Lee 2007, 18-19).  
Although there is considerable concern about the effectiveness of this program for saving 
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farmers from gradual price deduction, some articles infer that the fact that the program has 
never been put into practice also means that there has been no tangible damage (Bae 2006).  
The article also points out that most of the farmers have not chosen to take advantage 
of another government program for farmers who quit the industry due to the damage 
from the KCFTA.  This program pays each farmer three years’ worth of revenue to begin 
cropping other products (Bae 2006).  This observation, together with the silence of the 
revenue protection program, strengthens the argument that the damage from the KCFTA 
was manageable.  Although some might argue that the reason why the farmers rarely used 
the protection policies was because their loss did not reach to the minimum of the standard 
that the government set, but it is also true that the loss was not as injurious as the initial 
prediction that every farmer will go out of business.

III. General Trends – Theories and Observations

The paper is divided into two parts: analysis on general trends and regression analyses.  
For the first part, the paper will present data on the general trend of various economic 
factors that may affect the Korean grape industry, along with a qualitative assessment 
on how government policies and special treatment, such as the seasonal tariff reduction 
scheme, worked to stabilize the domestic grape market.  This part will also check if the 
theoretical predictions were correct in forecasting the domestic grape market movement.

Theories on the economics of international trade generally predict that the comparatively 
disadvantaged sector will suffer from the trade liberalization of the home country, based on 
the common forecast of the Ricardian Model.  The total production of the good will decrease 
due to the more efficiently produced supplies from the comparatively advantageous nation, 
while the price of the good decreases as a result of the abundant, price-competitive supplies 
from the foreign country.  Therefore, profit-per-production displays an ambiguous result: 
per-production profit increases when price drops more than production drops, and vice 
versa.  Also, the movement of productivity is generally increasing due to the increased 
competition in the market as long as the producers are willing to compete.  Otherwise, 
the productivity will rather decrease as a result of the loss of motivation: i.e. giving up the 
industry. (Krugman 2006, Chapter 3, 4 & 5)

Grapes in the KCFTA negotiation were one of the hottest topics in the sense that it had 
the most anti-free trade demonstrations and collective actions under one of the strongest 
labor unions among those exposed to the KCFTA.  It was also one of the most frequently 
used examples that anti-KCFTA groups raised in order to deter the Korean government 
from signing the agreement.  The Korean grape industry was in the obvious position of 
comparative disadvantage against the Chilean one, mainly due to the difference in price and 
labor cost.  The surroundings made the Korean grape industry become a perfect example in 
testing the comparative advantage theory and its predictions.

First of all, the effect of the KCFTA on Korean grape farmers in terms of the number 
and distribution of farmers and can be observed by Table I and Chart I showing the number 
of grape farming households by farm size from the Grand Survey of Agriculture (Nongup-
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Chongjosa) of the National Bureau of Statistics of Korea over 15 years.

Table I. Number of Grape Farming Households

Size 1990 1995 2000 2005

0.1ha or less 4,156 2,706 3,986 3,797

0.1 - 0.3 18,064 18,809 18,328 13,645

0.3 - 0.5 8,218 13,746 13,928 10,323

0.5 - 0.7 2,747 6,303 6,320 4,600

0.7 - 1.0 1,517 4,069 4,418 3,294

1.0 - 1.5 569 2,044 1,796 1,372

1.5 - 2.0 146 429 611 526

2.0 - 3.0 57 159 187 128

3.0ha or more 14 39 45 39

Total 35,488 48,304 49,619 37,724

Source: Korea Statistical Information Service, 2007

Table I suggests that most grape farms in Korea are very small, majority of them 
not exceeding 0.5 hectare (1.24 acre) in size.  Also, the total number of grape farming 
households sharply dropped by 24 percent between 2000 and 2005 recording the first 
decrease movement in last four surveys.  One interesting factor is, as Chart I suggests, 
the distribution of farms according to their sizes is not altered between 2000 and 2005, 
suggesting the number of farms has decreased in every stratum of size.  From this, it is 
obvious that not only small farms but also large ones exited the industry due to the surge 
of Chilean grapes.  Also, this shows that the decrease in the total number of farms did not 
necessarily mean that there was a consolidation movement among small farms to form the 
larger, more competitive farms.

Accordingly, total land under grape cultivation, which was rising until 2000 had a 
serious backlash due to the KCFTA.
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Chart I. Distribution of Grape Farming Households (2000 and 2005 only)
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Chart II. Total Land under Grape Cultivation (hectare)
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As observed in Chart II, the total size of vineyards across the country declined 
significantly.  This might look like the Korean government gave up on the grape industry 
for the sake of other industries benefiting from the KCFTA: e.g. automobiles, electronics, 
semiconductors, etc.  However, this cannot explain why the number of collective actions 
against the KCFTA decreased significantly after it was put into effect.

In order to analyze the reasons for the absence of protest following the ratification 
and to examine the fate of farmers who remained in the industry, this paper will focus its 
analysis on productivity and seasonal tariff reduction.  How the tariff reduction procedure 
is done regarding the grape industry reflects the view that “South Korean agriculture,” 
regardless of joining a free trade agreement, “still needs some degree of protection … [that 
will] facilitate the gradual liberalization and minimize shocks to local farmers from the 
market opening” (Kim 24).  The government acutely sensed this and during the KCFTA 
negotiation claimed that the seasonality condition in tariff reduction will not damage Chile.  
The following table and graph describes some features of the grape trade between Chile 
and Korea that justifies the reasoning of constructing the seasonal tariff reduction scheme 
that avoids collision between the two countries.

Table II. Features of the Grape Trade between Korea and Chile
The Initiation of the Import of Grapes 1996
Import Restriction on Grapes Restricted prior to 1996
Domestic Grape Harvesting Season July ~ October (autumn every year)
Chilean Grape Harvesting Season November ~ April

Chart III. Seasonal Tariff Reduction (%, ad valorem of total value imported)
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As shown above, the seasonal tariff reduction scheme applies the decreased tariff 
rate for specific months (November-April) while applying the normal rate of 45.5 percent 
to the rest of the year (May-October).  The result of the scheme, as expected, displays the 
following trends in imports:

Chart IV. Total Value of Imported Grapes from Chile (million US$)
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Chart V. Quantity of Grapes Imported from Chile (thousand tons)
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As shown in the graphs, both total quantity and total value of Chilean grapes exported 
to Korea are seasonal by nature: the Southern hemisphere has an opposite season to the 
Northern hemisphere.  Therefore, the two countries do not share the harvesting season in 



THE TRANS-PACIFIC GRAPE WAR274

the same months.  Thus, combining this seasonality argument with the need for protection, 
the KCFTA devised the seasonal tariff reduction scheme, allowing the reduced tariff level 
only from November to April of the next year.  The seasonal tariff reduction plan that 
avoids Chilean grapes in Korean harvesting season will rarely harm Chile, unless there are 
massive off-season grapes (e.g. greenhouse grapes, preserved grapes, etc.) that Chile wants 
to export to Korea.

Looking at productivity of the grape industry of Korea indicates that it has become 
more efficient despite the decreased land size and total quantity produced domestically.  
This is well-shown in Table A in the appendix where production per each hectare of 
vineyard displays a generally improving movement.  Of course, there still exist some 
protection for farmers in the form of government policies, and this can be the reason why the 
productivity indicator shows such trend.  Departing from that, one reason that can explain 
this movement is brand differentiation.  Some regions in Korea, famous for their delicious 
grapes, began labeling their grapes as their local brands cooperatively created under local 
agricultural unions partly funded by the government (Nonghyup).  These brands not only 
differentiate quality and taste but also the price so that the revenue-per-land is much higher 
than non-brand grapes.  Some of them are even being exported to other nations as luxury 
goods.  Apparently, the comparative disadvantage was overcome by this solution in terms 
of changing of the category of competition.

Also, as mentioned in the earlier section, some argue that the improvement of 
productivity was necessary in order to survive under the much more competitive 
surroundings expected from the KCFTA economy.  This will be discussed in the first 
regression analysis in Part II.

IV. Two Regression Analyses – Data, Methodology, and Results

This paper constructs two regressions pointing out two contrast points on the effect of 
the KCFTA on the domestic economy of Korea.  First, the paper measures how quantitatively 
persuasive the improvement of productivity argument is by running a regression on the 
annual fluctuation of the total amount of domestically harvested grapes in metric ton 
per hectare of vineyard.  Then, the paper assesses if the seasonal tariff scheme that the 
government constructed in order to protect domestic farmers is compensating for the sake 
of consumers’ loss from the fluctuating domestic market price of grapes—i.e. the increased 
price volatility.
Productivity Regression

As suggested above, the paper uses production per hectare as the measure of productivity.  
Therefore, it is the dependent variable for the first regression analysis.  The independent 
variables for the regression analysis are tariff levels and quantity of grapes imported from 
Chile.  Both the decline of tariff level and the increasing quantity of grapes from Chile are 
likely to encourage domestic farmers to improve their competitiveness via better efficiency 
in production.  The graph below shows the annual movement of production per hectare, the 
independent variable of the first regression (based on Table A in the appendix).
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Chart VI. Production per Hectare (metric ton/ha)
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Table B and C in the appendix provide the annual data for the dependent variables in 
the regression analysis.  Based on the data, the following regression is constructed.

Productivity = β0 + β1tarifflv + β2importqton + ε

Here, Productivity indicates the level of productivity within each hectare of farm (metric 
ton per hectare), tarifflv is an annual average tariff level, and importqton is the quantity 
of grapes imported from Chile each year in metric tons.  The regression analysis will use 
the robust option as a result of the White Test for heteroskedasticity.  Also, as a derived 
regression of the main regression, an alternative specification will use a different time 
condition; it only considers the data from 2000 when the KCFTA began being discussed 
and Korean farmers became anxious about the upcoming competition.  Again, the robust 
option for capturing heteroskedasticity is used in running the alternative regression.



THE TRANS-PACIFIC GRAPE WAR276

Table III. Results of the Productivity Regression for II-

Variables Dependent: production per hectare 
(productivity)
Model 1 Model 2

tarifflv 0.3362 -0.2830**
(0.1887) (0.0777)

importqton 0.000824*** -0.0003
(0.000142) (0.000123)

constant -5.5240 30.9753***
(8.6721) (4.4253)

Type of Regression OLS OLS
Observations 27 7
R-Squared 0.7924 0.6730
Specification - After 1999

Level of statistical significance: * for 90%, ** for 95%, *** for 99%

Through these results from the first regression analysis, it successfully examines the 
transition of the driving force behind the improvement in competitiveness.  In the regression 
without the time frame, the most statistically significant factor is the quantity of grapes 
imported from Chile, stimulating Korean farmers to be ready for the harsher competition as 
the imported quantity increases by improving productivity.  A relatively small coefficient 
for importqton is explicable in the sense that importqton has four- or five-digit entries, 
much larger when compared to the single- or double-digit entries of productivity.  On the 
other hand, in the post-2000 regression, the productivity is mainly driven by the level of 
tariff: as the tariff level goes down, productivity increases.  Model 2 has a significant flaw 
from a lack of observations because it has only been eight years since the initiation of the 
negotiation for the KCFTA (i.e. when people realized that the large-scale trade liberalization 
was being discussed).  Nonetheless, Model 2 is worthy of consideration since the KCFTA 
will keep being evaluated in the future and it provides an inspiration for the focus of future 
analyses. 

Anyhow, in contrast to the initial expectation of pessimistic domestic opinions 
endorsing the collective actions of farmers, domestic grape producers’ did not solely lose 
due to the tariff reduction effect of the KCFTA.  The decline of tariff level also functioned 
as a stimulant of productivity that is often considered as a positive change for the domestic 
economy as a whole.  This can also be interpreted as an indicator of the improvement of 
welfare for the remaining farmers in the grape industry who did not exit but decided to face 
the competition due to the KCFTA.

In order to check if there is an interactive effect between years and other independent 
variables, it is necessary to run extra regressions with a year dummy variable and interactive 
terms: yd is a year dummy dividing pre- and post-KCFTA periods (0 for pre- and 1 for 
post-KCFTA).  Also, instead of varying time specifications here, the regression sets two 
different dependent variables: productivity as the level of productivity and pdpro as the 
percentage difference of productivity each year.  Here, as a result of White Test, the robust 
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option is included.  The interactive dummy-augmented regression formula is as following:

Productivity or pdpro = β0 + β1tarifflv + β2importqton + β3 yd*tarifflv  
              +β4yd*importqton +ε

Table IV. Results of the Interactive Regressions
Variable Dependent Variables

Productivity Pdpro
tarifflv -0.468*** -2.1921**

(0.08181) (0.7294)
ydtarifflv 0.185*** 0.3181

(0.0196) (0.2087)
importqton 0.000705*** 0.000781

(0.000202) (0.000677)
ydimportqton -0.001*** -0.00337**

(0.000227) (0.00128)
constant 30.9753*** 103.2856***

(3.7059) (33.1109)
Type of Regression OLS OLS
Observations 27 26
R-Squared 0.8544 0.111

Level of statistical significance: * for 90%, ** for 95%, *** for 99%

In the first regression with the dependent variable of productivity, it is clear to see 
how all the independent variables—tariff level, quantity imported, tariff level after the 
KCFTA, quantity imported after the KCFTA—affected the level of productivity over time 
with expected directions: tariff level is negatively correlated and quantity imported is 
positively correlated with productivity.  The signs between regular term and year dummy-
interacted term of the same variable are opposite, since the year dummy censors all the 
pre-KCFTA values automatically.  In the second regression where the dependent variable 
is pdpro, the marginal effect of tariff level becomes dramatically large, being the most 
significant independent variable that affects the level of the annual percentage difference 
of productivity.  Therefore, it is clearer in the second regression result to see that the 
tariff reduction effect of the KCFTA was the main force to drive farmers to improve their 
productivity by a proportionally greater extent in order to survive in the surge of Chilean 
grapes.
Price Volatility Regression

The second regression model is designed to examine how price volatility moves as 
a result of the seasonal tariff reduction scheme introduced to the KCFTA, specifically to 
protect the Korean grape industry under the mutual agreement between Korea and Chile.  
This is to diagnose the trade-off effects between the protection on the domestic grape 
farmers and the well-being of domestic grape consumers, in the sense that it is more costly 
for consumers if price fluctuates more often.  The following graphs show the monthly and 
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yearly movements of the domestic CPI of grapes (data based on Table D in the appendix).

Chart VII. Domestic CPI for Grapes (Monthly, 2005 = 100)
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Chart VIII. Domestic CPI for Grapes (Annual, 2005 = 100)
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In the regression analysis, 93-94 and 94-95 seasons will be taken out as outliers because 
the unusual fluctuation of the price of grapes was observed due to the first introduction of 
greenhouse grapes and a consequential explosive increase in demand.  All these particular 
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movements of CPI can be observed in the standard deviations in Table V, displaying the 
obvious increase over time.

Table V. Descriptive Statistics of CPI in Different Time Frames
Mean Std. Dev. Minimum Maximum

Pre-1992 1.399 8.061 -26.621 60.239
1992-1995 0.183 10.300 -37.681 39.329
1996-2002 0.540 9.760 -36.032 31.477
2003 ~ 1.531 15.604 -38.197 64.671

Table V displays an opposite empirical observation to the expectation of general trade 
theory.  Strangely, grape price inflation after the initiation of the KCFTA was higher and 
more volatile as observed in the mean and standard deviation in the post-2003 time frame.  
In order to consider this issue, the paper first runs a regression of the percentage difference 
of CPI (pctdcpi) on the dummy variables of each month, from January to November.  This 
makes it possible to check the impact of natural seasonality embedded in the CPI fluctuation.  
For this regression, there are two specifications: pre-1992 period (before greenhouse was 
introduced) and post-1996 period (after agricultural trade was allowed).  Seasonality can 
be tested via the regressions below, taking the following formula that drops insignificant 
months.

pctdcpi = constant +βseasonality(d8~d10 for pre-92, d7~d10 for post-96) + ε

Table VI. Seasonality Check: On the Domestic Grape Seasons

Variable Dependent: percentage difference of CPI 
(pctdcpi)
Model 1 Model 2

d7 - 11.8070***
- (3.0486)

d8 7.2912*** 8.7131**
(1.8960) (3.0486)

d9 2.0777 -20.4427***
(1.8960) (3.0486)

d10 7.5040*** 9.0355***
(1.8960) (3.0486)

constant -0.008421 0.2579
(0.5995) (1.0162)

Type of Regression OLS OLS
Observations 216 144
R-Squared 0.1162 0.3645
Specification Before 1992 After 1996

Level of statistical significance: * for 90%, ** for 95%, *** for 99%



THE TRANS-PACIFIC GRAPE WAR280

The characteristic of seasonality can be checked via the residuals generated as a result 
of the two regressions shown above.  Here, pre92season and post96season are dummy 
variables that assign 1 for grape seasons in each time period.  Chart IX and X are the 
residual plots for the two different time frames.  Here, the x-axis indicates how many 
months have passed since January 1975.

Chart IX. Graph of Residual before 1992
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Chart X. Graph of Residual after 1996
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Table VII. Descriptive Statistics of Residuals
Observations Mean Std. Dev. Min Max

Pre-1992 54 0 15.2592 -28.6992 58.1615
Post-1996 165 0.7455 15.6131 -46.9099 80.6820

Obviously, the monthly fluctuation of CPI for grapes becomes larger and larger, 
especially after the KCFTA was ratified.  Since seasonality is observed in the regression 
results and the residual plots above, by nature of the grape industry regardless of the KCFTA 
effec, it is safe to exclude off-seasons when the price for grapes is not fluctuating (i.e. no 
fluctuation in the CPI of grapes).  For these months, pctdcpi will have 0-values.  Therefore, 
it is a logical conclusion to use tobit regressions in the regression analysis that can exclude 
the months with zero fluctuations by constructing lower level of zero.  The tobit regressions 
will be based on the following equation, setting two different periods for each regression: 
post-1996 for the initiation of the import of foreign agricultural products and post-2003 for 
the initiation of the KCFTA.  Since the main concern here is the magnitude of fluctuation, 
the regression uses the absolute values of pctdcpi (labeled as abspctdcpi) as a dependent 
variable.  The independent variables are total value imported by month (vimport) and tariff 
measures: monthly tariff level (tarifflv) or tariff reduction dummy (tariffd: 1 for reduced 
months; 0 otherwise).

abspctdcpi = β0 + β1vimport + β2tariff measure (tarifflv or tariffd) + ε

Table VIII. Tobit Regressions with Different Specifications

Variable Dependent: absolute value of percentage difference of CPI 
(abspctdcpi)
Model 1 Model 2 Model 3 Model 4

vimport -0.0000598** -0.0000582** -0.0000533* -0.0000486**
0.0000225 0.000022 0.0000236 0.000021

tarifflv 0.8613 - 1.8313** -
0.7592 - 0.7685 -

tariffd - -7.4775 - -19.7005**
- 8.0621 - 8.0744

constant -35.7520 3.3020 -68.0370* 15.6861***
33.9685 2.7436 33.4614 4.1174

Type of Regression Tobit (ll = 0) Tobit (ll = 0) Tobit (ll = 0) Tobit (ll = 0)
Total Obs 144 144 60 60
Left-Censored Obs 95 95 36 36
Uncensored Obs 49 49 24 24
Pseudo R-Squared 0.1062 0.1054 0.1588 0.1587
Specification After 1996 After 1996 After 2003 After 2003

Level of statistical significance: * for 90%, ** for 95%, *** for 99%

As observed in the first specification that includes everything after 1996, tariff 
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measures—tarifflv or tariffd—were not the main influences before import of grapes was 
allowed: there were no tariff effects because the tariff level on grapes was constant and there 
was no seasonal tariff reduction scheme.  Thus, under the circumstance that the regression 
includes the pre-KCFTA period, vimport was the single dominating force that caused 
fluctuation in price levels, in the sense that the Chilean grapes have always been much 
cheaper than Korean grapes.  In the period when Chilean grapes were not being imported, 
the price of domestic grapes skyrocketed rather than declined, so that domestic farmers 
could enjoy the benefit of their monopoly under quasi-autarky.  Therefore, it is naturally 
true that abspctdcpi is insignificantly correlated with tariffs over the period because there 
was no tariff reduction scheme from 1996 to 2003, and both tariff level and tariff dummy 
cannot catch the magnitude of fluctuation due to their static nature.

 In contrast, the tariff effects become more significant if the time period is set in 
the post-KCFTA frame.  Both tarifflv and tariffd are affecting the dependent variable in 
a statistically significant way.  Moreover, the absolute values of the coefficients of the 
tariff variables are much larger than the previous regressions, indicating there are stronger 
marginal effects of tariff fluctuations on CPI volatility.  Thus, this can be strong evidence 
that the seasonal tariff reduction scheme of the KCFTA may be harmful for consumers in 
the sense that it has raised the price volatility of grapes.

On the other hand, the total value of imported grapes from Chile has displayed a 
constantly significant correlation with abspctdpci, regardless of the different time frames.  
Vimport is constantly displaying a negative correlation with abspctdcpi, expressing that 
the increase in imports actually helps price volatility to settle down in a steadier state.  
The magnitude of the coefficient does not matter here, since entries of vimport are much 
larger than those in pctdcpi.  Therefore, the regression concludes that imported grapes 
have always been a large benefit for domestic consumers in terms of their low and steady 
price in the domestic grape market.  Considering that the higher price volatility caused by 
a decreased total value of imported Chilean grapes protects farmers, consumers are being 
damaged from the costliness of the increased volatility.  Moreover, since the seasonal tariff 
reduction will eventually drive the tariff in the Chilean season to zero, it is highly probable 
that the volatility will increase over time due to the maximized gap between seasons and 
non-seasons: 45.5% tariff rate for non-reduction seasons and 0% for reduction seasons.  
This is definitely a more distorted market structure, which may cause the further discussion 
on the tariff reduction plan that eventually sets tariff rates for every month equal to zero.

Meanwhile, the regression analysis on annual data suggests a bit different prediction.  
Based on the same independent variables averaged annually, the following regression can 
be conducted: percentage difference of annual CPI (pdcpi) depending on a tariff dummy 
(tariffdummy: policy measure that represents tariff reduction scheme, 1 for post-KCFTA; 0 
otherwise) and total quantity of imports from Chile in kilogram (importqkg).

pdcpi = β0 + β1tariffdummy + β2importqkg + ε

The percentage difference of the annual CPI (pdcpi) displays the following descriptive 



HAN YOUP LEE 283

statistics, ranging from 24 percent of decline to 44.5 percent of increase while displaying 
a constant increase in average.

Table IX. Detailed Descriptive Statistics of pdcpi
Percentiles Smallest Largest

1% -24.0501 -24.0501
5% -19.5705 -19.5705
10% -13.6617 -14.9715
25% -2.5471 -13.6617
50% 9.7958
75% 21.7936 30.3697
90% 30.3697 37.5571
95% 40.0306 40.0306
99% 44.5129 44.5129
Observations 32
Mean 9.7976
Standard Deviation 17.273

Also, since the White Test displays heteroskedasticity for the regression, the regression 
will use the robust option.  As a result, the following regression result is observed for the 
annual percentage difference of CPI.

Table X. Regression Result of the Annual Percentage Difference of CPI
Variable Dependent: percentage difference of CPI (pdcpi)
tariffdummy 16.6551*

(8.0801)
importqkg -0.00000156*

(0.000000727)
constant 10.9009**

(3.6883)
Type of Regression OLS
Observations 28
R-Squared 0.1163

Level of statistical significance: * for 90%, ** for 95%, *** for 99%

Aggregating the monthly effects of the KCFTA, the annual effects suggest that both 
the tariff dummy and quantity imported are statistically significant in explaining the 
movement of the annual percentage difference of CPI.  The coefficient of total quantity 
imported from Chile displays the expected result where it is negatively correlated to the 
price volatility towards the higher price (i.e. importqkg decreases inflation).  However, the 
surprising result is that pdcpi is positively correlated with the tariff dummy, which means 
domestic price level increases in the years under the KCFTA.

One of the possible explanations of this unexpected movement is that the price of 
domestic grapes is increased dramatically in order to cover the loss from the decreased 
total production so that domestic farmers can maintain the same amount of net revenue.  
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This argument is legitimate when tracking the general price movement of Chilean grapes 
in the same time period.

Chart XI. Price Trend of Chilean Grapes (1998 = 100)
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Source: Federal Reserve Board, 2008

As shown in Chart XI, the price fluctuation of Chilean grapes has been relatively 
constant over time: the price fluctuation after the KCFTA (the solid line in Chart XI) 
even suggests that the average CPI for Chilean grapes decreases over time after 2003.  
Therefore, it is clear from this chart that the main factor that might make the domestic CPI 
for grapes in Korea increase is not significantly related to the movement of the CPI for 
Chilean grapes.  In other words, the reason why the domestic CPI did not fall is because 
the increased price of domestic grapes and the decreased price of imported grapes due to 
tariff reduction even each other out.  Therefore, this increased the monthly price volatility, 
since Korean grapes and Chilean grapes are designed to avoid each other: i.e. very high 
price level in non-reduction season due to Korean grapes and low price level in reduction 
season due to Chilean grapes.

Korean farmers were able to manipulate prices as described above, being backed 
up by the existing protectionist policies of the Korean government besides the seasonal 
tariff reduction scheme such as agricultural subsidies or national rural development plans.  
Moreover, Korean farmers were morally supported by the domestic citizens so that they felt 
justified to fight back with the imported grapes from Chile in order to protect the agricultural 
self-sufficiency of Korea.  This can also explain why Korean farmers used to be unable to 
justify the price increase due to the lack of legitimate social reason to persuade consumers 
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to still consume their products.  Thus, although the increased price by Korean farmers was 
harmful for the economic surplus of Korean consumers, many Korean consumers with 
moral support of the domestic farmers would rather pay more money than benefit from the 
cheaper price of Chilean grapes.  One interesting observation is that Korean consumers 
still enjoy the benefit of decreased price for periods when Chilean grapes come into Korea, 
feeling less guilty about consuming foreign grapes.

In contrast to the ever-increasing price volatility argument, the following residual 
graph can be predicted based on the regression result in Table VII.  This is evaluated in 
order to assess the general magnitude of CPI fluctuation before and after the KCFTA.  The 
residual analysis above is conducted in the same manner as the previous monthly residual 
analyses.

Chart XII. Graph of Annual Residuals of pdcpi
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As shown, the range of fluctuation is slightly decreased after the KCFTA is put into 
effect.  This shows that the annual average level of price fluctuation, unlike the monthly 
one, decreases due to the more stability in market supply as a result of the KCFTA.  
Therefore, although the monthly fluctuation and the unexpected price effect of the seasonal 
tariff reduction scheme are costly for consumers, the decrease in the annual average CPI 
volatility can be interpreted as a positive side of the KCFTA to consumers.

V. Conclusion

 Although it has a controversial history of aggressive collective actions against 
it, the KCFTA has nonetheless persisted without further major challenges.  However, as 
the general trend of the KCFTA and the two regressions mentioned above suggest, the 
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KCFTA still has many flaws that should be addressed with various consultations and policy 
supervision by the two governments.  One positive prospect of the KCFTA is that the 
problems highlighted in this paper will eventually fade away in the sense that the main 
policies currently in concern are intermediary methods that mitigate the effects of radical 
changes due to the agreement.  Also, the Korean economy is surprisingly well-adapted 
to the post-KCFTA economic surroundings, so it is easier for the Korean government to 
expand Korea’s economic horizon by making more PTA/FTAs with other trading partner 
nations.

 One last factor that Korea has to consider for future free trade agreements is 
that it is very important to minimize negative externalities that often cost more than the 
benefits from new free trade agreements.  Destructive demonstrations, complicated system 
of customs, inefficient negotiations due to the lack of mutual understanding, and many 
other irrelevant losses could have been avoided if the government were more properly 
prepared.  Nevertheless, observing Korea’s various efforts for successful adaptation to a 
more liberalized economy, it is optimistic to anticipate that the KCFTA can serve as a 
moderately successful prototype for Korea’s future trade agreements.
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Table A. Total Size of Domestic Land under Grape Cultivation, Total Domestic Production, 
and Production per Hectare, 1980-2006
Year Total Size (hectare) Production (metric ton) Production/ha
1980 7,654 56,764 7.416
1981 9,186 71,724 7.808
1982 11,162 94,809 8.494
1983 14,165 131,111 9.256
1984 15,514 124,676 8.036
1985 16,206 149,912 9.250
1986 17,037 165,470 9.712
1987 16,813 158,158 9.407
1988 16,119 156,070 9.682
1989 15,836 156,879 9.906
1990 14,962 131,324 8.777
1991 14,802 147,973 9.997
1992 14,957 146,346 9.784
1993 16,991 163,780 9.639
1994 19,773 211,930 10.718
1995 26,030 316,443 12.157
1996 27,196 357,274 13.137
1997 28,290 393,195 13.899
1998 29,871 397,784 13.317
1999 30,537 470,124 15.395
2000 29,200 475,594 16.287
2001 26,803 453,578 16.923
2002 26,007 422,036 16.228
2003 24,801 376,430 15.178
2004 22,909 367,894 16.059
2005 22,057 381,436 17.293
2006 19,248 330,049 17.147

Source: Korean Statistical Information Service, 2007
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Table B. Tariff Reduction Plan (annual)  
Year Tariff Level (%)
pre-2003 45.5
2004 41.4
2005 37.2
2006 33.1
2007 28.9
2008 24.8
2009 20.7
2010 16.6
2011 12.4
2012 8.3
2013 4.1
2014 and after 0

*Note: The reduced tariff level is applied only from November to April 
Source: Korea Agricultural Trade Information, 2008

Table C. Total Quantity Imported from Chile
Year Quantity Imported (kg)
1996 1,800,399
1997 8,711,891
1998 1,083,730
1999 5,674,257
2000 6,585,380
2001 6,065,972
2002 5,511,064
2003 9,138,347
2004 8,316,504
2005 11,172,728
2006 15,221,010
2007 23,440,815
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Table D. Annual CPI and Percentage Difference of CPI, 1975-2007
Year CPI %ΔCPI
1975 6.79291667 -
1976 6.586 -3.04606514
1977 9.22241667 40.0306205
1978 13.3275833 44.5129169
1979 13.8218333 3.70847428
1980 19.0129167 37.5571258
1981 24.7870833 30.3697048
1982 28.7671667 16.0570862
1983 27.5043333 -4.38984259
1984 22.1215833 -19.5705525
1985 22.3209167 0.90108077
1986 24.01175 7.57510706
1987 22.78625 -5.10375129
1988 26.6624167 17.0109898
1989 32.7540833 22.8473913
1990 41.4813333 26.6447695
1991 52.09175 25.5787744
1992 66.512 27.6824065
1993 73.6814167 10.7791326
1994 78.1118333 6.01293632
1995 88.5744167 13.3943641
1996 67.2721667 -24.0501161
1997 69.9675 4.00660996
1998 77.5726667 10.8695704
1999 68.1289167 -12.174069
2000 66.7334167 -2.0483226
2001 56.7424167 -14.9715098
2002 68.3688333 20.4898158
2003 76.0959167 11.3020553
2004 91.8781667 20.7399433
2005 99.975 8.81257607
2006 86.3166667 -13.6617488
2007 91.2 5.65746283

Source: Korea Statistical Information Office
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Mehmet Cangul     Georgetown University
Richard Carew     University of Virginia
Ashley Coleman     Vanderbilt University
Dilyana Dimova     Stanford University
Fernando Galeana     Stanford University
M. Blair Garvey     Emory University
Meredith Gilbert     Georgetown University
Adam Greeney     Oberlin College
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Asim Gunduz      University of Virginia
Marc Hafstead     Northwestern University
Andrew Hayashi     University of California at Berkeley
Katherine Howitt     McGill University
Sohini Kar      Columbia University
Josh Lewis      McGill University
Satish Lohani      Illinois-Wesleyan University
Alexis Manning     Illinois-Wesleyan University
Sara Menker      Mt. Holyoke College
Elizabeth Mielke     Vanderbilt University
Stratos Pahis      Dartmouth College
Alicja Pluta      Georgetown University
Adam Raymakers     Dalhousie University
Caroline Schmutte     Dartmouth College
Matt Sekerke      Johns Hopkins University
John Soleanicov     Columbia University
Kai Szakmary      Columbia University
Brandon Wall      Yale University
Kenneth Ward     University of Chicago
Susan Work      Georgetown University

Fourth Annual Carroll Round (April 22-24, 2005) 

Lidia Barabash     Dartmouth College
Jasmina Beganovic     Georgetown University
Xun Bian      Illinois-Wesleyan University
Michael Furchtgott     Columbia University
Michael Gechter     Pomona College
Kevin B. Goldstein     Dartmouth College
Michael Haase     University of Copenhagen
Dennis Huggins     Georgetown University
Michael Insel      Claremont McKenna College
Jonathan Kirschner     Georgetown University
Shiying Lee      Duke University
James Liao      Dartmouth College
Brian Lichter      Washington University
Wee Lee Loh      Cornell University
Alice Luo      Duke University
Katharine Mullock     University of Western Ontario



APPendiCes

300

Jose Mustre del Rio     The Ohio State University
Leah Nelson      Georgetown University
Ee Cheng Ong     Wellesley College
Matthew Phan     Columbia University
Nina Rendelstein     Washington University 
David Rogier      Washington University
Ana Maria Romero     Illinois-Wesleyan University
Nathan Saperia     Dartmouth College
Bogdan Tereshchenko    Georgetown University
Olga Timoshenko     University of Western Ontario
Tom Vogl      Princeton University
Kenneth Ward     University of Chicago
Jonathan Wolfson     Washington University
Suzanne Zurkiya    Emory University

Fifth Annual Carroll Round (April 28-30, 2006) 

Sarah Carroll      Stanford University
Ruth Coffman      Georgetown University
Dubravka Colic     Wellesley College
Pratik Dattani      University of Warwick
Jennifer Dawson     Illinois-Wesleyan University
Héber Delgado-Medrano    Georgetown University
Sherri Haas      Illinois-Wesleyan University
Jen Hardy      Georgetown University
Lauren Iacocca     University of California at Los Angeles
Salifou Issoufou     University of Wisconsin at Madison
Stella Klemperer     Brown University
Daniel Kurland     Dartmouth College
Corinne Low      Duke University
Shanthi Manian     Georgetown University
Michael Monteleone    University of Chicago
John Nesbitt      Georgetown University
Natasha Nguyen     University of California at Berkeley
Oyebanke Oyeyinka    Carleton College
Evgeniya Petrova     Dartmouth College
Emy Reimao      Georgetown University
Svetoslav Roussanov    Columbia University
Vikram Shankar    Georgetown University 
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Juan Carlos Suarez     Trinity University
Austin Vedder      Dartmouth College
David Wiczer      Carleton College
Geoffrey Yu      Carleton College
Xiaoti Zhang      University of Warwick

Sixth Annual Carroll Round (April 19-22, 2007) 

Matthew Adler     Oberlin College
Marion Aouad     Princeton University
Stephen Brinkmann     Georgetown University 
Erik Eggum      University of Warwick
Lucia Franzese     Georgetown University
Tanja Groth      University of St. Andrews
Ashley Halpin     Dartmouth College
Nicholas Hartman     Georgetown University
Adrienna Huffman     Washington University
Abdulla Humaidan     University of Warwick
Mohammad Huq     Georgetown University 
Nedko Kyuchukov     Dartmouth College
Zachary Mahone     New York University
R. Priya Mathew     Washington University
Yana Morgulis     University of Chicago
Jennifer Noh      Georgetown University
Andrew O’Brien Penney    Georgetown University
Jessica Oliveri     Monash University
Matthew Pech     Dartmouth College
Allison Phillips     Georgetown University
Angelica da Rocha     University of Warwick
Sören Radde      University of Bayreuth
Heleri Rande      New York University
Elena Spatoulas     University of Michigan
Yi Sun       Georgetown University
Bennett Surajat     Carleton College
Freddy Tsai      University of British Columbia
David Wolff      Dartmouth College
Jennifer Xi      Dartmouth College
Cynthia Yim      Princeton University
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Seventh Annual Carroll Round (April 17-20, 2008) 

Karl Andres     University of Warwick
Cecil Ang     University of Virginia
Alaina Antonucci    The Pennsylvania State University
Sue Bai      Georgetown University
Marinella Boyadzhiev   Oberlin College
Quentin Brummet    Illinois-Wesleyan University
Brendan Cooper    Carleton College
Gerard DiPippo    Dartmouth College
Stacey Droms     Georgetown University
Varun Dutt     Macalaster College
Yasmine Fulena    Georgetown University
Amish Gandhi     University of Warwick
Katherine Gordon    Mt. Holyoke College
Yi Kang      Wesleyan College
Michael Kunkel    Georgetown University
Han Youp Lee     Georgetown University
Claudio LoCascio    Dartmouth College
Olivia Lynch     Georgetown University
Amr Moubarak    The George Washington University
Simone Nitsch     University of Warwick
Saurabh Pant     New York University
Carson Sherwood    University of Western Ontario
Tadashi Shirai     University of Warwick
Dominique Shure    Georgetown University
William Slater     Vanderbilt University
Shyam Sundaram    Brown University
Poh Lin Tan     Princeton University
Dorothy Voorhees    Georgetown University
Kris Walsh     Georgetown University
Monica Yu     Dartmouth College


