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What is the Carroll Round? 

The Carroll Round is an international economics conference for undergraduate students held each 
spring 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 economics students by encouraging and supporting the pursuit 
of scholarly innovation. To date, over 500 students from universities and colleges in North America, 
Western and Eastern Europe, Asia, South America, 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
institutions, 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 Georgetown University. We do not 
accept paper submissions from the 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 writing original work in the field of economics are encouraged to apply. Special 
preference is granted to papers focusing on international issues. 

Notes on Published Papers 

Many of the papers published in this journal have been shortened due to length requirements. In 
most cases, changes were minor. However, some essays were significantly abridged due to these 
constraints. 

http://carrollround/
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A Brief History of the Carroll Round 
(Revised February 2017) 

Each year when April is on the horizon, I realize how the Carroll Round is at once completely 
recognizable as the successor to the first conference weekend and unlike anything my friends on the 
inaugural steering committee imagined. Accepted paper quality has increased exponentially, and the 
weekend’s highlights are the students’ masterful presentations as much as the keynote speeches. None 

of these advances would be possible without the extraordinary work of the Georgetown students who 
organize the Round each year and of course the global contingent that gathers in the nation’s capital 

each year. Other alumni and I remain awestruck by the effort, dedication, and commitment of each 
successive participant group. Despite the perpetual need to look ahead, reviewing its origins is equally 
important. 

During the 2001-2002 school year, the ingenuity and dedication of a stellar group of Georgetown 
students, combined with the contributions of remarkable young scholars from around the country, 
showed how strong undergraduate economics always has been and can be. 

The conference’s birthplace, as many know by now, was an Oxford pub called the Radcliffe Arms. 

Even though that fact is completely true, the Carroll Round’s roots extend firmly to the Georgetown 
University campus. For it was there that an incredible team of friends and colleagues assembled and 
launched the event the next year. 

Throughout 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 a demanding Introduction to Political Economy. I remember feeling 
intimidated at first by their boundless knowledge of theory and their irrepressible enthusiasm for 
learning. Over time I realized the extent to which I was learning from them as much as our instructors; 
their insights often proved more valuable than the content of weekly lectures. I also became acquainted 
with a second group of 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 were on 
their way to the London School of Economics; Brendan had chosen the University of Bristol; and Josh 
was destined for 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, the three of us 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 pub their intellectual home and watering hole, 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 and 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. I naturally befriended the other economists in our group, but 
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I also developed close relationships with physicists, biologists, literary scholars, and art historians. In 
the Junior Common Room, a student lounge of sorts for undergraduates, or over traditional English 
dinners in the dining hall, we shared stories about life at our respective universities and the latest 
research we were conducting at Oxford. As thesis and postgraduate plans matured during these 
conversations, I appreciated ever more my exposure to alternative experiences and approaches to 
scholarship. The year eventually came to an end, and I worried that these exciting connections would 
dissolve after returning to Georgetown. 

One evening at the start of my final term in Oxford, I thought about the importance of this dialogue 
and my commitment to the study of international economics. I had a distressing feeling that 
undergraduates, especially in economics, were not afforded adequate opportunities to present their 
work in a serious setting. After all, I always felt privileged when Andrew, Ryan, and my fellow 
Pembrokians shared their original ideas with me. I thought that undergraduate economists from 
around the country deserved an event at 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. 

I invited Andrew and Ryan to join me in this endeavor over pints at the Radcliffe Arms even though 
there was no guarantee they would think it a good idea. 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 finally was 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 then-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. Former Dean Robert Gallucci and his staff also extended moral and financial support, 
which cemented our institutional place at Georgetown. 

The first 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 preclude the best students from attending? Over 
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marathon sessions in Healy Hall and at the Tombs, we developed a model for the Carroll Round that 
has largely remained intact. 

Development Officers shared our ideas with generous alumni who responded favorably and pledged 
individual donations. Little by little, our initial concepts materialized into reality. When School of 
Foreign Service alumna Marianne Keler (‘76) convinced the Sallie Mae Fund to contribute $10,000 to 
the Carroll Round, we both gained a lead sponsor and secured the long-term future of the conference. 
Since that year, Marianne has been gracious in her support and instrumental in expanding our reach to 
new global partners, including the American University in Bulgaria. 

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 participants’ and their 

home departments’ enthusiasm. 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 first 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 former Vice Chairmen Roger W. Ferguson and 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. 
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 twenty-eight papers were presented over the weekend, showcasing the impressive work of 
men and women now at the forefront of academia, law, and business. Georgetown professors who 
served as panel discussants later remarked that the quality of some presentations met or surpassed the 
sophistication of recent graduate-level dissertations. Judging by their comments, the conference 
brought together some of the best young prospects in economics as they approached the frontiers of 
research. 

I never imagined in March 2001 that the first Carroll Round would attain the heights realized one year 
later, or for that matter even exist. The event has grown since then in size and scope beyond my initial 
hopes. The participation of Nobel Laureates from John F. Nash, Jr., in 2004 to George Akerlof in 2015, 
as well as Susan Athey, the first female recipient of the John Bates Clark Medal, in 2008 mark special 
peaks in the evolution of the conference. Indeed, this historic slate of speakers could not be more finely 
tuned to the spirit of the Carroll Round. The groundbreaking work that each has contributed to the 
study of international economics, including numerous articles and books designed to influence lay 
readers and public policy decision-makers, serve as exemplars for other scholars and practitioners. 

Looking to the Carroll Round’s future, I still hope that students from the developing world eventually 

will be able to attend. Regardless of their home institutions, 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 the first 15 years have advanced to graduate study at Berkeley, Chicago, Cornell, 
Duke, MIT, Michigan, Minnesota, Northwestern, Oxford, Princeton, Yale, and Wisconsin as well as 
top government and finance positions around the country. Past participants now are tenure-track 
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members of economics, law, and public policy faculties. The cadre of former conference participants 
truly has grown into a professional and academic network unlike any other for young economists. 

As always, I thank the Kazanjian Foundation for their generous support, which makes possible the 
annual publication of these Proceedings. 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 successor Chairs from Seth Kundrot in 2003 
to Grace Kim in 2017. Those leaders, and all in between, ensure the success of the Carroll Round each 
year and deserve our appreciation. 

The Carroll Round received a donation several years ago, much like the original Sallie Mae Fund 
contribution, which created an endowment for the conference thanks to the largesse of School of 
Foreign Service alumnus Yunho Song ‘86. I distinctly remember meeting with him and some of my 

closest friends at the Tombs to discuss our fledgling project, uncertain that fall semester in 2001 
whether it would ever see the light of day. He was instrumental then in making the Carroll Round a 
reality, and he now has solidified its place within the fabric of Georgetown and the School of Foreign 
Service. 

For that, all of us who have watched the conference grow extend our heartfelt gratitude. The spirit of 
his gift, though, should live on through us. Support from alumni, not just of the financial variety, 
maintains the conference’s vibrancy long after the proceedings conclude. I encourage each of you to 
return to Georgetown in April and to consider making any donations to the Carroll Round fund when 
possible. 

Finally, and as always, I must thank Mitch Kaneda who has miraculously preserved my vision for the 
Carroll Round over the years and watched over past Committees as they built upon its initial success 
and joined the ranks of distinguished alumni. With his continued collaboration and the eagerness of 
future Georgetown students, the Carroll Round’s future will dwarf the accomplishments of its past, 
creating even more exciting opportunities for undergraduate economists to learn from the best in the 
field and, more importantly, from each other. 

Christopher L. Griffin, Jr.
Georgetown Class of 2002 
Carroll Round Founder
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Why I support the Carroll Round 
Every year I impatiently wait for an invitation from the Carroll Round Steering Committee to chair a 
session at an upcoming undergraduate conference. I have served as a session chair over the past two 
years and hope to continue to do so in years to come. Why is my interest in the noble mission of the 
Carroll Round so strong that I am willing to continue returning for an interaction with undergraduate 
students coming from all over the country? Why do I so strongly support the Carroll Round? 

I support the Carroll Round because it boosts confidence. The Carroll Round boost confidence in 
yourself and confidence in the importance of the work you have a potential to do as a young scholar.  
For an undergraduate student, conducting economic research for the first time in your life can be quite 
intimidating and frustrating. Often times you face challenges, hit road blocks and doubt whether your 
economic question has any significance. At the end of the road, you produce a paper, the senior thesis.  
As that point it is very hard to stop wondering: How did you do? Would other scholars be interested in 
your findings? What would they think or say? The Carroll Round is the exact venue where a curious 
scholar can find answers to all those questions. 

Knowing that your paper went through a selection process and was accepted for a conference can be 
quite a confidence booster in your skills as a researcher. At the conference, you then get a chance to 
present your paper, talk to peers about your ideas, share and discuss common interests. Often you 
leave with a deeper understanding and appreciation of your own work, and an inspiration to do more 
research in the future, as it happened to me. 

I support the Carroll Round because it teaches to interact. The Carroll Round teaches to interact, to 
express and listen to ideas, to give and receive criticism in a professional conference format. A 
conference is a new and an unexplored occurrence to an undergraduate student. Every now and then a 
class can get canceled because a Professor is away for a conference. You cannot stop but wonder about 
what actually happens at a conference? What do Professors do there? The Carroll Round imitates the 
professional conference format to its fullest. There are parallel sessions, a session chair, coffee 
networking breaks. A student not only presents his or her own work, but also serves as a discussant to 
a fellow student. In my experience, it was the first time I learned about a discussant and its role at a 
conference. As a discussant, your job is to read someone else’s paper and provide feedback. In 

preparing a discussion you acquire a skill of providing a constructive feedback, finding pros and cons 
of an argument, communicating your feedback in a respectful collegial manner. But, not only do you 
get to discuss a paper, but also someone else will be discussing yours. As a result, a conference also 
teaches you to face criticism, take it with grace, and view the remarks as a scope for improvement for 
future alternations of your paper. I cannot think of any better venue than the Carroll Round that can 
provide such an invaluable experience of professional interaction to an undergraduate student. 

Finally, I support the Carroll Round because it inspires. The Carroll Rounds inspires young, 
inexperienced, timid, uncertain, but extremely ambitious students, to do good and pursue your dreams. 
Every year the Carroll Round holds a keynote address by a well-regarded economist. Often times a 
speaker is a Nobel Prize winner in the field of Economics. What are the chances that an undergraduate 
student gets a chance to meet and interact with a Nobel Prize winner? The speakers usually share their 
perspective on economic topics ranging from development to macroeconomic policy, talk about the 
contributions they made over the course of their careers to the discipline and the pursuit of knowledge. 
It is very hard not to get inspired by their stories. 

During my time, the keynote speaker was Dr. William Easterly. I was aware of his work in 
development economics before attending the conference, and was impatiently waiting for his 
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keynote address. Dr. Easterly spoke with passion about challenges the developing world was facing, 
about his research on the role of foreign direct investment in the growth and development process.  To a 
certain degree, Dr. Easterly’s research and his book “The Elusive Quest for Growth” which was publish 

a few years before I was graduating and was on a reading list in most undergraduate development 
classes, inspired me to pursue graduate studies in the field of development economics at Yale 
University. I later became a trade economist with the focus on Latin American countries, but my initial 
drive and motivation I partially relate to the inspiring addresses by distinguished Carroll Round 
speakers. 

To all young scholars, I send my best wishes and encouragement to take action, engage in dialog, 
pursue your dreams, and do good.  The Carroll Round is just the start. 

Olga A. Timoshenko, Ph.D. 
Assistant Professor of Economics and International Affairs  
The George Washington University 
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Abstract

This paper introduces a new model to study the role of environmental status signalling in the context of
the behavioural-impact gap problem. The model presented is used to select the relevant variables to test
the hypothesis of environmental signalling. Results from applying this model on 30,000 households and
individuals show that signalling only impacts conspicuous environmental choice for younger generations.
Consistent with the existing literature on the topic, further estimation also suggests that cost conscious-
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Behaviour-impact gap 

1. Introduction 
In recent years, there has been increased demand for environmentally-friendly “green” products, and 

greater expenditure by firms on sustainability campaigns (Nielsen, 2014). New policy instruments such 
as Green Bonds issued by the World Bank aim to further promote environmental action and provide 
funding for companies which invest in renewable energy projects (World Bank, 2015). Despite these 
policy efforts, research shows that green consumers do not consume significantly less energy than non-
green consumers (Csutora, 2012), (Barr et al., 2010). 
 
The aim of this project is to bring a new perspective on this issue through examining the channel of 
“pretending to be green”, a form of environmental status-seeking. The results and findings could lead 
to better understanding of environmental behaviour and policy, on which Britain is expected to spend 
more than £80bn by 2020 (Global Warming Policy Foundation, 2013). 
 
2. Literature review 
This literature review analyses the determinants of the behaviour-impact gap1. Firstly, I examine the 
literature on whether higher awareness leads to altered consumption behaviour. Secondly, I analyse 
whether consumption choices can be linked to a smaller environmental footprint, or whether a 
behaviour-impact gap exists. 
 
Figure 1. Current research 
 

 
 
 
 

2.1 The link between awareness and behaviour  
I group articles by (1) those which find ecological awareness to be a significant determinant of 
consumption behaviour, and (2) those which report a gap between awareness and action. As the findings 
between these two areas appear to contradict each other, it seems that a third factor could be driving the 
results.   
 
(1) Using auctions data, Michaud et al. (2011) showed that consumers’ willingness-to-pay (WTP) for 

remanufactured products is lower than that for conventional products. Although this study confirms 
the link between higher environmental awareness and eco-friendly action, it suffers from the 
problem of relying on self-report surveys. Due to being able to report an exaggerated WTP in the 
survey without incurring any costs, the findings could overestimate the value attached to green 
products. Another potential problem is that remanufactured goods are potentially of lower quality. 
To address these biases, I use action variables (such as how often individuals recycle), rather than 
opinion variables (such as the extent to which they are concerned with the environment).  
 

(2) Other authors, including Barr et al. (2010), Marjainé et al. (2011) and Sears et al. (1985) find that 
consumers with a high level of environmental awareness do not act more sustainably than their 
peers, potentially due to the non-observability of their action. Although this may suggest that 
awareness is not linked to action, a shortcoming is the use of nonprobability sampling (for example 
through on-street surveys leading to biases). Another source of selection bias comes from the use 
of focus groups; those who attended were likely to be more determined to do good for the 
environment. Although this would likely have made the results less significant, adding validity to 

1 Defined as the “mismatch between voluntary green action and its environmental impact” (Csutora 
M., 2012).  
 

environmental
awareness

behaviour ecological impactI. II. 
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the authors’ finding of a gap, the sample size used (n=12) is too small for statistical inference.2 To 
improve on this, I use a large panel survey. As our dataset is intentionally compiled to represent 
ethnic diversity, I also hope to address any previous selection biases. 

 

2.2 The gap between behaviour and impact 
Another approach in the literature is to focus on the impact of environmental action. Research here is 
categorised as to whether they detect (1) or do not detect (2) linkages between behaviour and impact. 
 
(1) Thøgersen et al. (2010) find that effort to save electricity is important for household electricity 

consumption. The authors use a combination of survey data and meter readings, to take account of 
reporting biases. A particular strength of their analysis is the inclusion of different age groups, 
making the conclusion that households with teenage members are more susceptible to social 
influences. This is also confirmed by Furlow (2009) and M. Autio (2005), who find that young 
people are better informed about environmental issues, and adapt green consumption styles more 
readily. To test this hypothesis, age will play an important part in our analysis.  

 
(2) Gatersleben et al. (2002) find a contrasting result: in a field study of 2167 Dutch households, those 

who indicated more pro-environmental behaviour did not necessarily use less energy. The results 
indicated that the primary determinants of energy use are income and household size, hence we will 
include these variables in our model.  

 
The literature cited is intentionally conflicting, to illustrate the point that the behavioural-impact gap 
problem has not yet been conclusively answered. Thus, the proposed project fits appropriately in the 
state of current research by offering a new status signalling motive, and I now provide justification for 
the theory by looking at recent findings. 
 

2.3 Why act green? Extrinsic and intrinsic motives for environmental consumption 
There exist broadly two competing theories in the literature to bridge the behaviour-impact gap: 
focusing on extrinsic versus intrinsic factors.  
 
Surveying people about the level of temperature, Taufik et al. (2015) find that those given a cue about 
the environmental benefits of lower heating perceive the temperature to be higher. Hence environmental 
action can elicit a literal warm glow. Self interest, or guilt about environmental consequences may also 
serve as a motivating factor, see for example Rees et al. (2014), Bedford et al. (2011) Evans (2012) and 
Keeling et al. (2010). 
 
Other work has focused on extrinsic factors, and very recently on the desire to signal environmental 
consciousness. In a novel study Delgrado (2013) measure a signalling value of $1,224-$4,468 for the 
Toyota Prius. This work is based on an earlier empirical model by Sexton (2013). I adopt the authors’ 

method of measuring hybrid car use. My framework for splitting regions into “green” and “non-green” 
is also influenced by Dastrup et al. (2012) who analyse the premium paid for homes with solar panels 
in green and non-green neighbourhoods. As the authors’ analysis suggest that status signalling plays a 
role in energy consumption, I proceed by formalising a model, which will help select the relevant 
variables to use for testing the hypothesis of environmental signalling.  
 
3. The model of environmental signalling 
To illustrate the concept of environmental signalling, let the interaction between the individual and the 
public be illustrated by the following simple game, where 3/10 and 7/10 are the unconditional 
probabilities3 of an individual being green and non-green, respectively. Let the utilities of the individual 

2 n>30 is generally required to apply CLT, see Pett (1997) and Salkind (2004). 
3 The choice for the values of these probabilities is arbitrary, subject to  𝛽𝐺 = 1 − 𝛽𝑁𝐺 
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and the public be denoted by real numbers4 (x,y)  given below, where x denotes the utility of the 
individual, and y denotes the utility of the public. 
 

Figure 2. The simple game 

 
 
The sequence of the game is as follows: 

1. Nature decides whether an individual is green or non green, based on the prior probability 
distribution (𝑝𝑔 =

3

10
; 𝑝𝑛𝑔 =

7

10
 ). 

2. The individual, knowing her type, makes a decision whether to recycle or not.  
3. The public, seeing the individual’s action, updates his uncertain beliefs about whether the 

individual is green or non-green, and gives her a level of respect accordingly. 
 
We solve the game as follows: let us suppose that there exists an equilibrium where both “green” and 

“non-green” individuals recycle. The public then faces the choice of giving respect (U) and earning 
𝐸𝑈𝑈 =

3

10
∗ 3 =

9

10
 , or not giving respect (D) and earning 𝐸𝑈𝐷 =

7

10
∗ 3 =

21

10
. As  𝐸𝑈𝑈 < 𝐸𝑈𝐷, not 

giving respect is preferable. Conditional on the public not giving respect to the individual, however, the 
non-green individual would like to spare the cost of recycling – doing so would get him a strictly higher 
payoff as 3 > 0.  Similarly, we can continue by checking for other equilibria, where individuals would 
have an incentive to “pretend to be green” by recycling. A straightforward extension of this theory is 
obtained if we suppose that the individual’s choice is continuous. 
 
Continuous choice variable: renewable energy investment 
Let each consumers’ true level of environmental consciousness be denoted 𝜃, where  𝜃𝐺 > 𝜃𝑁𝐺. 
Suppose that each consumer has the option to signal its consciousness by investing an amount of effort 
𝑒 in “renewable energy projects”, for example through buying a hybrid vehicle, or by choosing to 
recycle. For simplicity, the cost of a unit of 𝑒 is 1. While this cost does not depend on environmental 
consciousness, a green consumer gains additional satisfaction 𝜌𝑡 from each unit of renewable energy 
investment. Therefore a green consumer’s total cost (𝛿𝑡 ≡ 1 − 𝜌𝑡) will be lower. Based on the public’s 

beliefs of each individual’s contribution to the environment, consumers obtain a level of respect 𝑤.  

4 Numbers can be freely chosen depending on individual preference parameters, affecting the nature 
of a (pooling or separating) equilibrium 
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Suppose that the individual’s preferences over respect and investment are 𝑢(𝑤, 𝑒, 𝑡) = 𝑤 − 𝛿𝑡 ∙ 𝑒.  
Although we can make this functional form more complex by introducing non-linearities, we start by 
assuming linearity and constant marginal effects. The optimum choice of the individual is where: 
 
𝑒∗(𝑡) solves 

max
𝑒≥0

𝑤∗(𝑒) − 𝛿𝑡 ∙ 𝑒 
 
At the optimum 

𝑤′(𝑒)⏟  
𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 

𝑓𝑟𝑜𝑚 𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑛𝑔 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 
𝑢𝑛𝑖𝑡 𝑖𝑛 𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 

= 𝛿𝑡⏟
𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑐𝑜𝑠𝑡 

𝑓𝑟𝑜𝑚 𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑛𝑔 𝑎𝑛𝑜𝑡ℎ𝑒𝑟
𝑢𝑛𝑖𝑡 𝑖𝑛 𝑟𝑒𝑛𝑒𝑤𝑒𝑎𝑏𝑙𝑒 𝑒𝑛𝑒𝑟𝑔𝑦
(𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑡𝑦𝑝𝑒)

  

 
What can we infer from this model? 
 
Proposition 1:  In any separating PBE, 𝑤∗(𝑒(𝑡)) = 𝜃𝑡 
Proof: Under separating PBE, upon observing her level of renewable energy expenditure 𝑒, the public 
updates their prior beliefs regarding the probabilities of each type to posterior probabilities of either 0 
or 1. It can then give a level of respect which exactly matches the individual’s level of environmental 
consciousness. 
 
Proposition 2: In any separating PBE, 𝑒∗(𝑁𝐺) = 0 and 𝑒∗(G) ∈ [𝜃𝐺−𝜃𝑁𝐺

𝜃𝑁𝐺
,
𝜃𝐺−𝜃𝑁𝐺

𝜃𝐺
] 

Proof: Suppose 𝑒∗(𝑁𝐺) > 0. By proposition 1, “non-green” type gets utility 𝜃NG − 𝛿𝑁𝐺 ∗ 𝑒∗(𝑁𝐺). But 
she would obtain 𝜃NG by deviating and and choosing 𝑒∗(𝑁𝐺) = 0, a contradiction. 
Interpretation: Given Proposition 1, a “non-green” individual will not invest anything in renewable 
energy, since she knows her payoff will be 𝜃NG for certain. Investment has no signalling value for the 
non-green type. 
 
To prove that 𝑒∗(G) lies in the interval specified above, use the incentive compatibility constraints: 
 

𝐼𝐶𝐺: 𝜃G − 𝛿𝐺 ∙ 𝑒
∗(G) ≥  𝜃NG  

𝐼𝐶𝑁𝐺: 𝜃NG ≥ 𝜃G − 𝛿𝑁𝐺 ∙ 𝑒
∗(G) 

 
solving for 𝑒∗(G): 
 

𝜃G − 𝜃NG
𝛿𝑁𝐺

≤ 𝑒∗(G) ≤  
𝜃G − 𝜃NG
𝛿𝐺

 

 
Interpretation: The “green” individual must invest above a certain threshold in renewable energy to 

achieve a separating equilibrium, otherwise it would be worth for the “non-green” individual to replicate 
her level of investment and a earn higher respect 𝜃G. However, she must invest below a certain 
threshold, otherwise she would have a higher payoff from pretending to be “non-green” and only 

earning respect 𝜃G. 
 
Proposition 3: In any pooling PBE,  𝑤∗(𝑒(𝑡)) = 𝐸[𝜃] = 𝛽𝐺 ∙ 𝜃𝐺 + (1 − 𝛽𝐺) ∙ 𝜃𝑁𝐺 
Proof: If a pooling equilibrium exists, the individual’s signal about her level of environmental 

consciousness is uninformative. Therefore, upon observing her action, the public can do no better than 
giving respect equal to the probability weighted average of each type’s true level of environmental 
consciousness. 
 
Proposition 4: In any pooling PBE, 𝑒∗(𝐺) = 𝑒∗(𝑁𝐺) ∈ [0, 𝛽𝐺(𝜃𝐺−𝜃𝑁𝐺)

𝛿𝑁𝐺
] 
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Proof:  From 𝐼𝐶𝑁𝐺: 
𝛽𝐺 ∙ 𝜃𝐺 + (1 − 𝛽𝐺) ∙ 𝜃𝑁𝐺 − 𝛿𝑁𝐺𝑒

∗ ≥ 𝜃𝑁𝐺 
 

𝑒∗ ≤
𝛽𝐺(𝜃𝐺 − 𝜃𝑁𝐺)

𝛿𝑁𝐺
 

 
For a pooling equilibrium to exist, neither type should have an incentive to deviate to a different level 
of investment. For simplicity, assume here that any deviation is interpreted as coming from a “non-
green” type. Then the optimal deviation is investing 𝑒∗ = 0. As the saving from this deviation is higher 
from a “non-green” type, the “green” type’s incentive compatibility constraint will be slack.  
 
To proceed with estimating the parameters of a model, we need information about the following 
variables: (1) environmental consciousness (type) of individual relative to the public. (2) Observability 
of the individual’s action. (3) Costliness of renewable energy investment relative to the individual’s 

income. 
 
4. Empirical testing of the environmental signalling hypothesis 
As our model relies on the implicit assumption of renewable energy investment being conspicuous5, 
variation in environmental signalling can be picked up by comparing observable and non-observable 
energy investment. To estimate the signalling effect, I measure “conspicuous conservation” (White, 
1978) by whether the household owns a hybrid car or not. Secondly, I estimate non-conspicuous 
consumption by household energy use. A meta-analysis of the literature (Sundt, 2015) suggests that 
household size, behavioural and attitudinal variables are significant determinants for environmental 
action, hence these variables will be used as explanatory variables in our model. 
 
Lastly, the theory of signalling by Spence (1973), Smith (2000) and Gintis (2001) assumes that the 
preferences of the individual’s peer environment are a significant determinant of their assessment of 
her environmental action. Therefore, the hypothesis I will test is that higher income has an additional 
effect on conspicuous environmental consumption in “green cities” over and above that of “non-green” 

cities. To measure the effect, I apply a new technique, based on an extension of the difference-in-
difference model in the literature (Sexton, 2013). Here, the estimate of the environmental signalling 
effect is then obtained through:  
 

�̂� = (ℎ𝑦𝑏𝑟𝑖𝑑𝐺 − ℎ𝑦𝑏𝑟𝑖𝑑𝑁𝐺) − (𝑒𝑛𝑒𝑟𝑔𝑦𝐺  − 𝑒𝑛𝑒𝑟𝑔𝑦𝑁𝐺) 
 
 
 
 
Here green region plays the role of the treatment group, and non-green region the role of the control 
group. The household’s choice of how much energy to use is driven by the same factors as whether to 

use a hybrid car or not (Kahn, 2007), except that it cannot be displayed to others. Therefore, the 
difference in the two income elasticities, in percentage change, can be used to measure the effect of 
status signalling. The novelty of this method is the comparison of conspicuous and non-conspicuous 
environmental action, measuring non-visible environmental action by energy use. If we find evidence 
of environmental signalling, we would observe: 
 

 
 

5 We define conspicuous energy consumption as an action which is observable both to the individual 
and to the public. In turn, non-conspicuous energy consumption will be taken to mean an action which 
is visible to the individual, but not the public. 

Environmental action which 
is visible to the public         

Environmental action which 
is non-visible to the public
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Figure 3. Environmental signalling effect 

 
 
Energy use is positively correlated with income (Jamasb, 2010). Individuals in dirty “non-green” cities 

should have higher per capita energy consumption than those clean “green” cities, but this differential 

should not vary with income. However, hybrid car ownership should vary, as richer households have 
an incentive to signal their level of environmental consciousness to their peers in “green” regions. 
 
5. Data analysis and coding of variables 
Our dataset comes from the Understanding Society UK panel survey, using waves 1 and 4, treated as 
individual cross-sections. The data is chosen as it is recent (2009-2013), has a large sample size 
(~30,000 households), and a specific list of 13 environmental variables.  
 
Summary statistics of the key variables6 are reported in  
Figure 9, where environmental score is the sum of values of the 11 environmental variables reported in 
Figure 7. Since the resulting environmental score variable is approximately normally distributed, we 
are confident that our data is representative of the broader UK population. The coding of the “green 
region” dummy is reported in Figure 10, where regions with CO2 emissions below the national average 
are classified as “green” (ONS, 2013). The mean of energy use and hybrid car ownership, across 
“green” and “non-green” regions is reported in Figure 11.  
 
We examine how energy consumption and hybrid car ownership varies with income, within each 
region. Within a “green” region, the richest 10%7 when compared to the poorest 10%, consume more 
energy and tend to have more hybrid cars, as expected. Within a “non-green” region, the same pattern 
is observed. Additionally, when comparing “green” and “non-green” regions, each income group in a 

“green” region consumes less energy than the corresponding income group in a “non-green” region, as 

expected. Finally, we note that although there is a higher incidence of hybrid car ownership among the 
bottom 10% in a “green” region, than for the bottom 10% in a “non-green region”, the share of hybrid 

car ownership across the top 10% is approximately equal across the two groups. This suggest that the 
signalling effect is larger in low income households. These observations can be graphically 
summarised: 
 
 
 

6 For a detailed data analysis of other variables which are not central to our hypothesis, please see 
https://www.understandingsociety.ac.uk 
7 As defined by net household income 
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Figure 4. Data analysis 

 
 
We note our result of hybrid car use being the same for rich households in “green” regions as for rich 

households in “non-green” regions. This could be driven by a hypothesis that those at the very top of 
the income distribution have other means to signal their environmental consciousness than driving 
hybrid cars. For example, they may make charitable donations. To test whether the relationships 
observed between environmental choice, region and income are statistically significant, we proceed by 
estimation. Our theory prescribes that marginal effects will be constant, as an individual’s utility is 

linear in respect. Therefore, we start by OLS estimation, and later use logit and probit analysis to extend 
the analysis for non-constant marginal effects, verifying that our findings are robust. For the form of 
the baseline model, see Figure 13, Appendix. 
 
6. Results 
 
6.1 Baseline specification 
We start by estimating a simple demand equation for household energy use and hybrid car ownership 
(Model A), comparing it against a model including controls Ψ′𝑖 (Model B)8. 
 
 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑖
ℎ𝑦𝑏𝑟𝑖𝑑 𝑢𝑠𝑒𝑖

= 𝛼 + λG′𝑖 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G
′
𝑖3
+ 𝜂Ψ′𝑖 + 휀𝑖 

 
 
 
 
 
 
 
 
 
 

8 For list of controls, see Appendix (Figure 14). We obtained data from the same people on energy use 
at the individual level and hybrid car use at the household level, hence the number of observations are 
different 
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Model A - Control Variables Model B - Control Variables  
         (Controls in Appendix) 

 
 (1) (2) (3) (4) 
VARIABLES ln(energy use) hybrid ownership ln(energy use) hybrid ownership 

     
green region 0.1497 0.0102 0.0814 0.00909 
 (0.111739) (0.00681) (0.0728) (0.00675) 
 
ln(household income) 

 
0.2262*** 

 
0.00336*** 

 
0.0384*** 

 
0.00275*** 

 (0.012144) (0.000836) (0.00872) (0.000839) 
 
g. region*ln(hh. inc) 

 
-0.03144** 
(0.014516) 

 
-0.00134 

(0.000954) 

 
-0.0150 

(0.00943) 

 
-0.00120 

(0.000947) 
     
Constant 5.2788*** -0.0233*** 5.918*** -0.0177*** 
 (0.093258) (0.00594) (0.0742) (0.00589) 
     
Observations 31,568 25,672 31,568 25,672 
R-squared 0.0658 0.001 0.229 0.003 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

 

6.2 Discussion of Model A 
Consistent with our findings from looking at the raw data, an increase in household income is expected 
to increase both energy consumption and hybrid car use. We note that the R2 of the energy demand 
equation is significantly higher than that for hybrid car use, which was to be expected given that buying 
a car involves more unexplainable variation than the choice of how much energy to consume, due to 
differences in personal taste. We therefore do not worry about the low R2 of the hybrid regression due 
our inability to capture time invariant unobserved heterogeneity, and discuss extensions to control for 
this in the conclusion. 
 
Interestingly, although we hypothesised that the income elasticity of demand for energy is the same 
across “green” and “non-green” regions, we find evidence for differential effects. Notably, for a 1% 
increase in household income, a “green” household is expected to increase its energy use by 0.03% less 
than a “non-green” household. On the other hand, we note that there is no regional effect on hybrid car 
ownership. Although this preliminary test suggests that there is no evidence of environmental 
signalling, we have neglected to control for a large number of relevant variables. Hence, we continue 
by including the relevant controls. 
 
 

6.3 Discussion of Model B 
We note that for a 1% increase of household income, a household is expected to increase its energy 
demand by 0.03%. This represents an 83% reduction with respect to our previous estimate of 0.23%, 
and is very close to the 0.05% figure observed in the literature (Jamasb, 2010). 
Our coefficient was upward biased due to three reasons. Firstly, the number of appliances a household 
owns are positively correlated with its income, hence the coefficient was picking up the effect of having 
more appliances. 
 
Secondly, richer households own more cars and live in larger houses with more rooms. Hence our 
previous income estimate was also measuring a household size effect. Lastly, and most significantly, 
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higher household net income is driven by more working adults being in the same household. Controlling 
for this number, our estimate is significantly smaller. 
 
Additionally, we note that the interaction term of green region with income is no longer significant. 
Previously, we found that in “green” regions, the income elasticity of demand for electricity was lower 
than for “non-green” regions. Haque (2005) shows that in households with children, income elasticity 
for food and clothing is higher and the income elasticity of energy is lower. Given that there are more 
children per household in “green” regions cf. “non-green” households, the interaction term of “green” 

region with income was downward biased. In summary, we note that we have found no evidence for 
regional effects on either hybrid car use, or energy consumption.  
 
Figure 5. Reject the environmental signalling hypothesis (whole sample) 

 

 
 

 
However, as outlined in the literature review, previous work has found that social influence on 
environmental behaviour is stronger among young people than old people (Lee, 2008). As a result, we 
may expect younger generations to value the signalling effect of being “green” more than older 

generations9. 
 
To test this, we divide the sample to those above, and below pensionable age10. To test whether our 
results are sensitive to the assumption of constant marginal effects under the LPM, we also consider 
logit and probit specifications next to OLS11 for hybrid car use.  Introducing these models may be valid, 
as OLS generates heteroscedastic errors, and could predict negative probabilities when dealing with 
rare events (Verbeek, 2012). As predicted by the signalling model, non-observable energy use does not 
have any signalling value, hence we relegate this regression to Figure 17, Appendix, and focus on hybrid 
car use only. 
 
 

9 This might be because of age differences (as young people grow older, they begin to care less about 
social pressures) or fundamental generational differences due to being born in a different era. We 
don’t differentiate between the two here. 
10 This division follows from current pensioners being the last generation who have grown up without 
environmental education and awareness of environmentalism (B. Alec, 2010).  
11 For the forms of the regressions, and list of controls, see Appendix (Figure 18) 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

10

PAGES 1-25



Model C – Couples under pensionable age (“young”) – Control Variables   
(Controls in Appendix, Figure 18) 
 

ℎ𝑦𝑏𝑟𝑖𝑑 𝑢𝑠𝑒𝑖 = 𝛼 + λG
′
𝑖 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G

′
𝑖3
+ 𝜂Ψ′𝑖 + 휀𝑖 

 
 
 (1) (2) 
VARIABLES OLS Logit12 
   
green region 0.0867* 16.68*** 
 (0.0450) 

 
(4.904) 

ln(household income) 0.0120** 2.269*** 
 (0.00544) 

 
(0.374) 

green region*ln(hh inc) -0.0111* -2.034*** 
 (0.00599) 

 
(0.603) 

Constant -0.0924** -24.81*** 
 (0.0426) (3.989) 
   
Observations 2,988 2,664 
R-squared 0.005  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
Model D – Couples over pensionable age (“old”) – Control Variables  
(Controls in Appendix, Figure 18) 
 

ℎ𝑦𝑏𝑟𝑖𝑑 𝑢𝑠𝑒𝑖 = 𝛼 + λG
′
𝑖 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G

′
𝑖3
+ 𝜂Ψ′𝑖 + 휀𝑖 

 
 (1) (2) 
VARIABLES OLS Logit13 
   
green region -0.0119 -1.846 
 (0.0246) 

 
(4.719) 

ln(household income) 0.00287 1.002** 
 (0.00217) 

 
(0.440) 

green region*ln(hh inc) 0.00144 0.193 
 (0.00338) (0.590) 
   
Constant -0.0137 -11.40*** 
 (0.0148) (3.847) 
   
Observations 3,797 2,914 
R-squared 0.004  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

12 Probit estimation yields similar results, see Appendix (Figure 19) 
13 Probit estimation yield similar results again, see Appendix (Figure 20) 
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income 

Energy use, 
hybrid car 
ownership 

As expected, we find evidence for regional effects for those under pensionable age. This suggests that 
younger people are more susceptible to environmental pressures than older people, holding all else 
constant. Evaluated at the mean of each of the explanatory variables in the logit model, living in a 
green city compared to a non-green city is expected to increase the probability of owning a hybrid car 
by 50 percentage points14. Given the unconditional probability of owning a hybrid car of 0.3%, this 
represents a small increase in terms of the overall population, but a large increase relative to hybrid 
owners. As the income elasticity of hybrid car use in non-green regions is 0.01%, an increase is 
household income of 1% is expected to increase the probability of buying a hybrid by 0.01 percentage 
points15. Consistent with our findings from looking at the raw data in Figure 4, the size of the 
signalling effect decreases with income. The findings for environmental signalling in younger 
generations is robust to both Logit and Probit specifications, see Figure 19 and Figure 20 (Appendix). 
 
Figure 6. Illustrating the evidence for environmental signalling (“young” people) 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
7. Applications for firms and policy 
 
7.1 The decision to drive a hybrid in the absence of environmental signalling 
We have found evidence for environmental signalling among young people. But what can explain 
hybrid car use for the older demographic? Our first interesting result is that hybrid use is decreasing in 
the number of children per household and increasing in number of cars owned. This suggests that 
consumers are buying hybrid vehicles as second or third vehicles, and do not consider it to be a suitable 
family car. Greater horizontal differentiation amongst hybrid cars could therefore increase quantity sold 
and relax price competition amongst suppliers, increasing profits. Perhaps reaching the same 
conclusion, Toyota has recently made a 7-seat Prius Plus version of its popular model.  
 
Secondly, our findings of a signalling effect only amongst the younger generations has important 
implications for the advertising decisions and business strategies of firms. According to our results, 
signalling environmental consciousness does not play a significant a role in older consumers’ choice of 

how much “green” products to consume. This result suggests that there are other important factors 
affecting hybrid demand. Our major result is that cost savings is plays a significant role, while risk 
aversion does not. For the sake of saving space, we relegate our analysis to the Appendix (Figure 16).  
 
7.2 Summary of results and Implications for policy 

14 For people under pensionable age, holding all else constant 
15 This, again is a small increase in terms of the overall population, but is actually 3.3% increase relative to 
hybrid owners 

energy use, dirty city 
energy use, clean city 

hybrid car ownership dirty city 
hybrid car ownership, clean city 

 

signalling effect 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

12

PAGES 1-25



No evidence for 
environmental 

signalling across 
whole sample  

Evidence for environmental 
signalling for generation X and 

millennials  

No evidence for the risk-aversion 
motive being significant for 

environmental choice 
No evidence for environmental 

signalling for couples above 
pensionable age  

Evidence for the cost-savings 
motive being significant for 

environmental choice  
 
These results suggest that policymakers as well as automobile retailers would achieve better outcomes 
by advertising the cost efficiency of hybrid vehicles, rather than the environmental benefits. By focusing 
on the former, the latter could also be achieved in a more effective way. 
 
8. Conclusion, limitations and further work 
In our research, we have started by examining whether there exists a desire to signal environmental 
consciousness through environmental action. Our model was motivated by earlier work in costly 
signalling theory, and newer findings in environmental economics. Using simple regression techniques, 
we have compared energy use and hybrid car ownership, and found evidence for environmental 
signalling in hybrid car use among individuals below pensionable age. In addition, we saw that the 
desire to increase cost savings is a significant motivating factor for all age groups. The conclusion that 
can be drawn from this analysis and applied to policy is that campaigns which focus on the intrinsic 
benefits of environmental action through cost reduction may achieve better results than those that appeal 
to altruistic motives. Secondly, altruistic factors may actually influence choice through egoistic means, 
this channel is particularly strong for younger people. We will proceed with discussing potential 
limitations of our work, and outline avenues for future research. 
 
8.1 Limitations 
To minimise the probability of making a type II error with our hypothesis, our proxies have to be 
appropriate. Failure to reject H0 of the environmental signalling hypothesis could be driven by an 
imperfect regional proxy (CO2 emissions per capita). For example, in the presence of large factories 
within certain regions, the variable would not perfectly measure variance in environmental attitudes. 
To get around this problem, we could take alternate measures, such as willingness to recycle, or 
opinions towards environmental safety in certain regions.  
 
Another potential limitation is the inability control for people self-selecting into certain regions. As 
individuals could be more likely to move and live in areas where their views are shared by the majority, 
this would lead us to incorrectly not reject H0 of environmental signalling. To control for this, we could 
restrict our sample to people who haven’t moved since the period when hybrids were first introduced. 
 
The small sample of hybrid car owners relative to the rest of society might also pose problems. In an 
ideal dataset, we would have close to an equal number of hybrid and non-hybrid car owners. The perfect 
dataset would also include data collected on both the attitudes of individual’s immediate environment 

and wider peer group. In an ideal scenario, this data would be sampled at a yearly interval using the 
same individuals over time, up to the present day. This would allow to compare how the size of the 
signalling effect varied over time. 
 

8.2 Further empirical work 
A potential critique to our work is the lack of control for unobserved heterogeneity, evident from 
unexplained variation in hybrid car use. Future work could answer this by using a triple difference-in-
difference model (Wooldridge, 2007). This could be used to measure the marginal effect impact of 
income, for the same individual in a green and non-green region, across different moments in time. Rare 
event models could also be used to derive a more efficient estimator (King, 2001). 
 
Future research could look also look beyond individuals and at the effect of gender. Ando (2007) has 
shown that women are more likely to recycle, which could be due to a desire to signal. Müller (2014) 
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has also shown evidence for signalling in a group setting, using social norms. Lastly, the effect of 
macroeconomic variables on environmental signalling, such as unemployment within certain regions 
could also be explored.  
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Appendix 
 
Figure 7. Environmental variables  

Description Response options 
How often do you leave your TV on standby for 
the night? 

1: Always, 2: Very often, 3: Quite often, 4: Not very 
often, 5: Never 

How often do you switch off lights in rooms that 
aren’t being used? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

How often do you keep the tap running while 
you brush your teeth? 

1: Always, 2: Very often, 3: Quite often, 4: Not very 
often, 5: Never 

How often do you put more clothes on when you 
feel cold rather than putting the heating on or 
turning it up? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

How often do you decide not to buy something 
because you feel it has too much packaging? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

How often do you buy recycled paper products 
such as toilet paper or tissues? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

How often do you take your own shopping bag 
when shopping? 

1: Always, 2: Very often, 3: Quite often, 4: Not very 
often, 5: Never 

How often do you use public transport rather 
than travel by car? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

How often do you walk or cycle for short 
journeys less than 2 or 3 miles? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

How often do you car-share with others who 
need to make a similar journey? 

1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

Do you take fewer flights when possible? 1: Never, 2: Not very often, 3: Quite often, 4: Very 
often, 5: Always 

 
Figure 8. Risk averse variable 
 

 

 

 

 

 

Variable 
name 

Text Values Variable 
name 

Text Values 

Savings Do you and your 
family/partner 
have enough 
money to make 
regular savings of 
£10 a month or 
more for rainy 
days or retirement? 

Overall 

I/We have this: 1 
(71.43%) 
Can’t afford it: 0 
(28.56%) 
 

Risk 
averse 

Do you and 
your 
family/partner 
have 
household 
contents 
insurance? 

Overall 

I/We have this: 1 
(84.36%) 
Can’t afford it: 0 

(15.63%) 
 

Green region 

I/We have this: 1 
(71.30%) 
Can’t afford it: 0 

(28.69%) 
 

Green region 

I/We have this: 1 
(83.86%) 
Can’t afford it: 0 

(16.13%) 

Non-green region 

I/We have this: 1 
(71.69%) 
Can’t afford it: 0 

(28.3%) 
 

Non-green region 

I/We have this: 1 
(85.35%) 
Can’t afford it: 0 

(14.65%) 
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Figure 9. Summary statistics 

 

  

Environmental score 

Energy use (log of combined yearly spend) 

Hybrid car ownership 
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Figure 12. Household income and hybrid car ownership across regions 

 
Figure 13. Form of the baseline model 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑖
ℎ𝑦𝑏𝑟𝑖𝑑 𝑢𝑠𝑒𝑖

= 𝛼 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G
′
𝑖 + 𝛿Λ

′
𝑖 + 𝜂Ψ′𝑖 + λG

′
𝑖 + 휀𝑖 

where ln(𝑌𝑖) is the log of income, Λ′𝑖 is a vector of other social and behavioural characteristics, Ψ′𝑖 is 
a vector of household controls, and G is a dummy measuring if the person lives in a green16 region. 

16 Proxying green region by creating a dummy variable for regions within the UK where CO2 
emissions are below the national average 

 
Green region Non-Green region 

Average 
energy 
consumption 
(per 
household, 
last year) 

£1010 

Top 
10%: 

£1022 
£1087 

Top 10%: 
£1137 

Bottom 
10%: 

£1001 

Bottom 
10%: 

£1011 
Average 
hybrid 
ownership 
(of total 
households) 

0.258% 

Top 
10%: 

0.31% 0.241% 

Top 10%: 
0.31% 

Bottom 
10%: 

0.24% 

Bottom 
10%: 

0.21% 

Figure 10. Green regions 

 

Figure 11. Energy use and hybrid ownership across 
regions, by income 
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Figure 14. List of controls – Model B 

 (1) (1) 
VARIABLES ln(energy use) hybrid ownership 
a_hsbeds 0.142*** -0.000383 
 (0.00437) (0.000350) 
a_hsrooms 0.0659*** 0.000558 
 (0.00367) (0.000401) 
a_ncouple_dv 0.0260*** 0.000588 
 (0.00845) (0.000824) 
a_urban_dv 0.00869 -0.000254 
 (0.00794) (0.000540) 
colourTV -0.0901*** -0.00105 
 (0.0289) (0.00179) 
washmch 0.0596** -0.000583 
 (0.0233) (0.00154) 
tmbledr 0.0615*** -0.000880 
 (0.00676) (0.000723) 
dshwashr 0.0480*** 0.00141** 
 (0.00734) (0.000711) 
mcrwoven -0.00418 0.000555 
 (0.0132) (0.00113) 
PC 0.0114 0.000892* 
 (0.00902) (0.000472) 
solarheat -0.0219** -0.000227 
 (0.00884) (0.00143) 
a_ncars 0.0323*** 0.00128*** 
 (0.00426) (0.000453) 
a_nadoecd_dv 0.0649*** -0.000934** 
 (0.00407) (0.000445) 
a_nkids_dv 0.0686*** -0.000278 
   
Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 

 
Explanation of controls – Model B 
 

 Our data is collected at the household level, hence we do not control for gender and age, both 
being individual characteristics.  

 Theory suggests that electrical appliances will be statistically significant for energy 
consumption, we refrain from excluding them even as they are statistically insignificant 

 We note that due to our large sample size, the gain in precision from excluding these variables 
would be tiny  

 

Figure 15. Discussion of controls – Model B 

 Interestingly, an increase of the number of adults in the household by one is expected to increase 
energy use by 6.5%, and 6.8% for children. A study of the Household Electricity Use Survey 
(Zimmermann et al., 2013) by the Department of Energy also confirms this finding. Intuitively 
this difference could easily be explained by children requiring more laundry due to frequently 
soiled clothes, or using a night light for sleep. 

 
 Another result is that households with a colour-TV are expected to consume 9% less energy 

than those without. A study of low income-high use households (Vicki White, 2010) has 
identified the use of electric instead of central heating as a possible cause, potentially combined 
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with the lack of double-glazed windows. As we could not control for the type of heating, no 
colour-TV could therefore potentially be picking up the effect. 

 
 Having a PC is expected to marginally increase hybrid car use, but is an insignificant predictor 

of energy use. This is consistent with the fact that technologically savvy households see a 
greater appeal in newer car technology, while connectedness to technology should not influence 
basic consumption choices such as energy. 

 
Figure 16. Cost saving and Risk aversion motive 

The first explanation for hybrid car use is “cost savings”, rather than concern about environmental 

factors. There is growing empirical support, for example Bento et al. (2009) find that higher gasoline 
tax causes a shift away from cars and, among cars that remain in operation, a shift toward those that are 
more fuel-efficient. Klier and Linn (2007), confirm the results: monthly gasoline price changes have 
both a significant short-run effect on sales (as vehicle prices are sticky), as well as longer-term effects 
(due to lags in consumers’ demand). Busse et al. (2009) extends the analysis to compare used and new 
car markets and finds evidence for adjustment in market shares and prices.  
 
To test the hypothesis that the savings motive is a significant determinant of hybrid car use, we include 
an additional control for whether the household can afford to save, in the form of a dummy variable. 
Our estimate is statistically significant (p=0.097) and positive, suggesting higher incidence of hybrids 
across households who are able to save, not conditioning for the household’s age. As we have controlled 
for income, we believe the estimate can justify the hypothesis that the purchasing decision is linked to 
a desire to increase these savings. 
 
As a second test of the cost-savings hypothesis, we include an interaction term of savings and green 
region. Given that we have not found evidence for environmental signalling in the whole sample, the 
amount of savings you have should not influence your hybrid purchasing decision, depending on 
whether you live in a green or non-green region. Indeed, we find that the resulting coefficient is 
statistically insignificant (p=0.163). This suggests that there are no regional differences in how savings 
impacts your purchasing decision, consistent with the absence of environmental signalling.  
 
As a possible third test of the cost-savings hypothesis, a car manufacturer could experiment by running 
concurrent advertising campaign in two identical states. One could focus on highlighting the 
environmental benefits of owning a hybrid vehicle, while the other could highlight the savings from 
using a cheaper source of energy. Comparing the difference in sales where the campaigns are introduced 
(treated groups) against a third state with no campaigns (control) would allow to measure the size of 
the cost-savings motive. 
 
A second explanation for hybrid car ownership could be “protection against oil price volatility” for risk 

averse consumers. As oil prices exhibit a great degree of volatility while electricity prices are range-
bound (Edison Electric Institute, 2012), hybrid car owners could be thought of as paying a “fixed” tariff 

for fuel instead of a variable contract. Investment in a hybrid car could therefore reduce uncertainty and 
serve as a form of insurance. 
 
To test the hypothesis that risk aversion is a significant determinant of hybrid car use, we include an 
additional control for whether the household owns materials insurance or not (Figure 8). Holding 
income and other observable characteristics constant, those households who invest in materials 
insurance17 can be thought to have a higher willingness-to-pay for insurance and therefore exhibit 
greater risk aversion. As our estimate is statistically insignificant (p=0.491), we do not find risk aversion 
to be significant in predicting hybrid car ownership. 
 

17 Defined as small-scale insurance which pays for damage to an individual’s personal possessions 

located within that individual’s home 
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Figure 17. Energy use, couples under pensionable age 
 (1) 
VARIABLES OLS 
  
clean 0.0814 
 (0.0728) 
a_lhhnetinc1 0.0384*** 
 (0.00872) 
cleanXa_lhhnetinc1 -0.0150 
 (0.00943) 
a_hsbeds 0.142*** 
 (0.00437) 
a_hsrooms 0.0659*** 
 (0.00367) 
a_ncouple_dv 0.0260*** 
 (0.00845) 
a_urban_dv 0.00869 
 (0.00794) 
colourTV -0.0901*** 
 (0.0289) 
washmch 0.0596** 
 (0.0233) 
tmbledr 0.0615*** 
 (0.00676) 
dshwashr 0.0480*** 
 (0.00734) 
mcrwoven -0.00418 
 (0.0132) 
PC 0.0114 
 (0.00902) 
solarheat -0.0219** 
 (0.00884) 
a_ncars 0.0323*** 
 (0.00426) 
a_nadoecd_dv 0.0649*** 
 (0.00407) 
a_nkids_dv 0.0686*** 
 (0.00307) 
Constant 5.918*** 
 (0.0742) 
  
Observations 31,568 
R-squared 0.229 

                    Robust standard errors in parentheses                      
*** p<0.01, ** p<0.05, * p<0.1                 

 
Figure 18. Forms of the regression and list of controls 
 
OLS:  ℎ𝑦𝑏𝑟𝑖𝑑𝑖 = 𝛼 + λG′𝑖 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G′𝑖3 + 𝜂Ψ′𝑖 + 휀𝑖  
 
Logit:  𝑃(ℎ𝑦𝑏𝑟𝑖𝑑𝑖 = 1) = Λ(𝛼 + λG′𝑖 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G′𝑖3 + 𝜂Ψ

′
𝑖)  

 
Probit: 𝑃(ℎ𝑦𝑏𝑟𝑖𝑑𝑖 = 1) = Φ(𝛼 + λG′𝑖 + 𝛽1 ln(𝑌𝑖) + 𝛽2 ln(𝑌𝑖) ∗ G′𝑖3 + 𝜂Ψ

′
𝑖)  
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List of controls – Model C (couples under pensionable age) 

 (1) (2) (3) 
VARIABLES OLS Logit Probit 
    
d_hsbeds -0.000441 -0.107 -0.0435 
 (0.00103) (0.230) (0.0781) 
d_hsrooms 0.000133 0.0233 0.00457 
 (0.000901) (0.203) (0.0729) 
d_urban_dv 0.000900 0.438 0.147 
 (0.00189) (0.599) (0.204) 
colourTV 0.00123   
 (0.00230)   
washmch -0.00157   
 (0.00319)   
tmbledr -0.00138 -0.275 -0.0864 
 (0.00279) (0.574) (0.193) 
dshwashr 0.000757 0.125 0.0564 
 (0.00303) (0.699) (0.232) 
mcrwoven -0.000319 0.207 0.0823 
 (0.00484) (1.217) (0.396) 
PC 0.00180*   
 (0.00105)   
solarheat -0.00184 -0.540 -0.148 
 (0.00466) (1.197) (0.389) 
d_ncars 0.00179 0.335 0.0965 
 (0.00203) (0.319) (0.113) 
    
Constant -0.0924** -24.81*** -11.30*** 
 (0.0426) (3.989) (1.550) 
    
Observations 2,988 2,664 2,664 
R-squared 0.005   
    

 Note: certain controls omitted  for logit/probit as they perfectly predict outcome 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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List of controls – Model D (couples over pensionable age) 
 (1) (2) (3) 
VARIABLES OLS Logit Probit 
    
d_hsbeds -0.00142 -0.344 -0.138* 
 (0.00115) (0.222) (0.0744) 
d_hsrooms 0.00129 0.254 0.104 
 (0.00102) (0.178) (0.0661) 
d_urban_dv -0.00228 -0.759 -0.281 
 (0.00196) (0.732) (0.231) 
colourTV -0.000178   
 (0.00407)   
washmch 0.00111   
 (0.00209)   
tmbledr -0.000924 -0.312 -0.134 
 (0.00210) (0.711) (0.218) 
dshwashr 0.00240 0.931 0.353 
 (0.00195) (0.918) (0.255) 
mcrwoven -0.00402 -1.011 -0.377 
 (0.00572) (1.018) (0.373) 
PC 0.00201**   
 (0.000991)   
solarheat -0.00190 -0.549 -0.164 
 (0.00321) (1.078) (0.366) 
d_ncars 0.000417 0.0152 0.00101 
 (0.000811) (0.209) (0.0741) 
 
Constant 

-0.0137 -11.40*** -4.887*** 

 (0.0148) (3.847) (1.567) 
    
Observations 3,797 2,914 2,914 
R-squared 0.004   

 Note: certain controls omitted for logit/probit as they perfectly predict outcome 

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
 

Figure 19. Probit specification, “young” people 
Model C – Couples under pensionable age (“young”)– Control Variables  
  
 (1) (2) (3) 
VARIABLES OLS Logit Probit 
    
green region 0.0867* 16.68*** 7.724*** 
 (0.0450) (4.904) (1.972) 
ln(household income) 0.0120** 2.269*** 1.027*** 
 (0.00544) (0.374) (0.170) 
green region*ln(hh inc) -0.0111* -2.034*** -0.938*** 
 (0.00599) (0.603) (0.244) 
Constant -0.0924** -24.81*** -11.30*** 
 (0.0426) (3.989) (1.550) 
    
Observations 2,988 2,664 2,664 
R-squared 0.005   

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Figure 20. Probit specification, “old” people 
 
Model D – Couples over pensionable age (“old”) – Control Variables  
 
 (1) (2) (3) 
VARIABLES OLS Logit Probit 
    
green region -0.0119 -1.846 -0.813 
 (0.0246) (4.719) (1.882) 
ln(household income) 0.00287 1.002** 0.380** 
 (0.00217) (0.440) (0.184) 
green region*ln(hh inc) 0.00144 0.193 0.0889 
 (0.00338) (0.590) (0.237) 
    
Constant -0.0137 -11.40*** -4.887*** 
 (0.0148) (3.847) (1.567) 
    
Observations 3,797 2,914 2,914 
R-squared 0.004   

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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A Tale of Two Markets: An empirical analysis 
of WIC infant formula contract rebate auctions 

using non-parametric estimation
Emily Corning1

Columbia University

Awarded the Kaneda Prize at Carroll Round XV

Abstract

This paper offers an empirical model for the WIC infant formula contract rebate auctions from which
the costs underlying the manufacturers’ valuations of each contract – and thus their submitted bids – are
recovered through non-parametric estimation. The estimates imply that the three major manufacturers of
infant formula (Mead Johnson, Abbot and Nestle) are sometimes willing to experience negative margins
on WIC-funded sales of infant formula in exchange for the spillover effects in the non-WIC market that
stem from winning a WIC contract.

However, changes in the national landscape, namely declining birth rates and rising breastfeeding rates,
appear to pose a significant challenge to manufacturers’ future profitability as the share of profits stemming
from the non-WIC market falls. This may make WIC vulnerable to future changes in bidding behavior that
would cause a significant increase in program costs. Methods to reduce this vulnerability through auction
design strategies are thus recommended as an area of future research.

1Under the supervision of Prof. Katherine Ho; Department of Economics, Columbia University
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Shanghai-Hong Kong Stock Connect:
Regulatory impact on dual-listed share

premiums
Querida Qiu

The University of Chicago

Awarded Best Paper at Carroll Round XV

Advised by Professor Randall S. Kroszner

Abstract

This paper examines the price differential of Chinese companies dual-listed on Shanghai Stock Exchange 
and Hong Kong Stock Exchange. A new policy, Shanghai-Hong Kong Stock Connect Program, was put 
into effect in November 2014, giving investors on both sides access to the other market. Examining the 
behavior of A share (Shanghai-listed) and H share (Hong Kong-listed) price movements before and after 
the program, this paper finds that the announcement of the new policy had little impact on returns of both 
A and H share stocks, while the actual launch of the program contributed to abnormal positive returns of 
a considerable amount of both A and H stocks. The lack of response to the policy announcement points 
to the credibility issue faced by China’s financial regulators. Liquidity impact and ownership structure are 
also explored in this paper as alternative explanations.

Industry wise, financials companies have the lowest A  &  H  price differential across all i ndustries, both 
before and after the new policy. Properties & Constructions companies experienced the biggest price 
differential change after the new policy.
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1 Introduction1

Due to tight regulatory control in China’s domestic financial market, shares of the same underlying com-
panies co-listed on mainland China and international stock exchanges often exhibit different behaviors, in
terms of price movement, volatility, etc. There are 51 Chinese companies dual-listed on both Shanghai Stock
Exchange and Hong Kong Stock Exchange. The dual-listed shares possess the same claim to dividends and
voting rights, but are not fungible and are traded under different regulatory restraints. Before November
2014, only mainland Chinese investors could trade A shares (those listed on Shanghai Stock Exchange),
while unable to access H shares (those listed in Hong Kong). International investors, on the other hand,
could only trade H shares, but no A shares2.

In an effort to globalize China’s domestic financial market, the Chinese government launched the “Shanghai-
Hong Kong Stock Connect Program” in November 2014. Under the new policy, mainland investors are able
to trade H shares and international investors able to trade A shares3. People’s Bank of China has set its
target to entirely open up China’s financial market by 2020, and this stock connect program was seen as a
key policy move to improve the liquidity between mainland and Hong Kong stock markets. However, the
A/H price differential has not exhibited clear patterns ever since. The price movement has puzzled not only
investors who are carefully selecting their optimal investment portfolio between A and H shares in search of
excess returns, but also regulators, who are monitoring the Shanghai-Hong Kong Connect Program as a key
policy guide for future connect programs between other exchanges, such as between Shenzhen and Hong
Kong.

This leads me to pursue the research question:

How has the Shanghai-Hong Kong Stock Connect Program affected relative prices and returns of
dual-listed Chinese shares?

2 Literature Review

2.1 Foreign Equity Ownership

Previous research into foreign equity ownership restrictions has shown that these barriers can significantly
affect share prices. Hietala (1989) analyzes the partially-segmented Finnish stock market, where foreign
investors can own at most 20% of a domestic company, and domestic citizens are not allowed to invest
abroad. The paper shows that an unrestricted stock (one which can be held by both domestic and foreign
investors) trades at a premium if foreign investors require a lower risk premium than domestic investors.
Moreover, the smaller the beta of the unrestricted stock with respect to the foreign investors optimal portfolio,

1I would like to offer my sincere gratitude to Professor Randall S. Kroszner, for advising this thesis and providing great insight and
expertise; and to Grace Tsiang, Victor Lima and John Eric Humphries, for offering valuable advice and guidance.

2A small group of international investors, registered as Qualified Foreign Institutional Investors (QFIIs), are granted right to trade
A shares.

3Eligible investors include all international investors, mainland institutional investors, and mainland individual investors with
¥500,000 in their investment and cash accounts
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and the larger the beta of the restricted stock with respect to the domestic investors optimal portfolio, the
larger the premium of the unrestricted stock. On the other hand, however, Bailey et al (1999) investigate 11
countries with similar dual-listed shares, and show that price premium of shares held by foreigners cannot
be explained by differences in required returns between domestic and foreign investors.

2.2 Liquidity

Amihud and Mendelson (1986) argue that the observed market return increases with the stock’s relative
bid-ask spread and decreases with its relative turnover. The relative bid-ask spread is defined as the closing
bid-ask spread divided by the bid-ask midpoint. The turnover is defined as the number of shares traded
daily divided by the total tradable shares outstanding. The higher the spread and the lower the turnover,
the more illiquid the stock is, and thus the higher returns expected of investors. This relation reflects the
compensation required by investors for their trading costs, and investors require a higher return for stocks
with lower liquidity.

2.3 Dual-Listed Chinese Shares

Specifically to Chinese equity market, Peng et al (2008) use a panel data of A and H share prices of 39
dual-listed stocks from July 2005 to June 2007. By panel unit root tests, they show that price differentials
were stationary (around an average A share premium of 77%), from which a divergence would dissipate
by one half in about 40 trading days. Lin and Liang (2008) find that lower cost of capital is a significant
contributor to A/H share price premiums.

2.4 Ownership Structure and Accounting Standards

Holderness, Kroszner and Sheehan (1999) document ownership by officers and directors of publicly-traded
firms which rose from 1935 to 1995, and find that higher managerial ownership has not substituted for alter-
native corporate governance mechanisms. Lower volatility and greater hedging opportunities associated with
the development of financial markets appear to be important factors explaining the increase in managerial
ownership.

2.5 Time Series and Event Studies

As a technical reference, MacKinlay (1997) summarizes the common event study methodologies in eco-
nomics and finance. Using an example of quarterly earnings announcements from the Financial Accounting
Standards Board and the Securities Exchange Commission, the paper uses constant mean return model and
market model to examine whether there are abnormal returns 20 days before and after earnings announce-
ments. I will utilize similar techniques with market model (Capital Asset Pricing Model) to test the existence
of abnormal returns due to the Stock Connect Program announcement and launch.
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Shleifer (1986) runs event studies on the inclusion of stocks into the Standard & Poor’s 500 Index. He
finds that since September 1976, stocks newly included into S&P 500 have earned a significant positive
abnormal return at the announcement of the inclusion. This return does not disappear for at least ten days
after the inclusion. The returns are positively related to measure of buying by index funds, consistent with
the hypothesis that demand curves for stocks slope down. The returns are not related to S&P’s bond ratings,
which is inconsistent with a plausible version of the hypothesis that inclusion is a certification of the quality
of the stock.

3 Model

I identify the following three areas of greatest interest: liquidity, ownership & share structure, and event
studies on abnormal returns. Within each test, I also consider the industry distribution and time period
specification, for industry and time fixed-effect analysis.

3.1 Liquidity

Rational investors are expected to pay lower prices for stocks with greater illiquidity. I thus hypothesize
that the greater the liquidity of Shanghai market relative to Hong Kong, the higher the A-share premium
over H share. To test this hypothesis, I perform time-series regressions of A-share premiums on its relative
liquidity. As in Amihud and Mendelson (1986), I use the quoted relative bid-ask spread to measure liquidity,
calculated as the daily closing difference between the ask and bid prices divided by the bid-ask midpoint;
and then I take the ratios of A to H share spread, which measures the relative liquidity for different markets.
Another liquidity proxy is the ratio of A share daily turnover to H share daily turnover, where turnover is
defined as the ratio of daily trading volume to the number of shares outstanding.

Premi = δsi + πti + ε

where si is the ratio of A to H share spread and ti is the ratio of the A to H share turnover rate. The liquidity
hypothesis would predict a negative δ and a positive π.

Furthermore, to examine the different premiums across industries, we add industry dummy a to the regres-
sion for industry fixed effect. And to investigate the different impacts before and after the Stock Connect
Program, we interact period dummy d to each term on the right hand side, with d = 0 being before the new
policy, and d = 1 being after the new policy:

Premi = δ1si + π1ti + φ1ai + δ2si ∗ di + π2ti ∗ di + φ2ai ∗ di + εi

3.2 Ownership and Share Structure

International institutional investors often invest in Hong Kong-listed shares after performing substantial
research and thorough valuation on these companies. On the other hand, they approach mainland Chinese
shares with caution due to obscure disclosure standards. The turnover in mainland China’s stock markets
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is still largely generated from individual investors, many of whom tend to have less time and resources to
perform extensive stock valuation, resulting in more volatile share prices.

There are two distinct ownership structures of Chinese stocks that have drawn much public attention. One is
the high percentage of state ownership. A Chinese company tightly controlled by the state may be deemed as
having more inherent government backing; in a market where it is hard for international investors to perform
thorough due diligence, companies with high concentration of state ownership may well be granted extra
premium and more sought-after by international investors. As the Chinese government gradually rolls out
financial market reform to decrease state ownership of public companies, the relationship between state own-
ership and A/H share premiums is of particular interest. The other feature is that some Chinese companies,
especially large established ones, are listed on the U.S. market as American Repository Receipts (ADRs)
and/or on other international markets, especially London (L shares) and Singapore (S shares). ADRs, L
shares and S shares are subject to international accounting standards, which are more transparent than prac-
tices on the mainland Chinese markets, and are deemed more correlated with international markets.

Premi = αAOAi + αHOHi + βbi + εi

where OAi and OHi are the percentage of A and H shares, respectively, owned by the Chinese government,
and bi is a dummy vector for whether the company has US-listed ADR, L shares, and S shares.

Again, as in the liquidity test above, we add industry dummy a and interact with period dummy d for industry
fixed effect and difference before and after the Stock Connect Program:

Premi = αA1OAi + αH1OHi + β1bi + µ1ai + αA2OAi ∗ di + αH2OHi ∗ di + β2bi ∗ di + µ2ai ∗ di + εi

Before proceeding to the next section, it is worth noting that F test was performed between the “full” model of
including both liquidity proxies and ownership as regression covariates, and the “partial” models of liquidity
and ownership ran separately as done above. The F test cannot reject the null hypothesis, and thus the
separate models are considered robust. This makes sense because we would expect state ownership to be
highly correlated with liquidity; in fact, there is a .44 correlation between turnover ratio and percentage of
A shares owned by the government. As explained above, companies with high state ownership are deemed
to be inherently controlled and/or backed by the government, and are typically large companies, and thus
would be expected to have higher trading volumes and liquidity.

3.3 Event Studies: Abnormal Returns

Two event dates are of the most interest: April 10th, 2014, when the Shanghai-Hong Kong Stock Connect
Program was announced; and November 17th, 2014, when the Stock Connect Program was launched. I
conduct event studies around these two dates, to examine whether the stocks exhibited abnormal returns
upon the new policy announcement and launch.

For firm i and event date t, the abnormal return is

ARit = Rit − E(Rit|Xt)
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where ARit, Rit, and E(Rit|Xt) are the abnormal, actual, and normal returns respectively for the time
period t. Xt is the conditioning information for the normal return model. Here I use the market return
model, where expected returns follow a linear relationship with the market portfolio return:

Rit = αi + βiRmt + εit

E(εit) = 0, var(εit) = σ2
εi

where Rit and Rmt are the period-t returns on security i and the market portfolio, respectively. αi and βi
are parameters of the market model. We use the broad-based stock indices for mainland China and Hong
Kong markets – the Shanghai Composite Index and Hang Seng Index – for the market portfolios for A and
H shares, respectively.

As the common practice of event studies specified in Fama (1969) and MacKinley (1997), I define the
estimation window to be one year prior to the event date. I test using different lengths of event windows:
one day after event dates, two weeks after event dates, and one month after event dates. Event dates here are
policy announcement on April 10th, 2014 and actual policy launch on November 17th, 2014.

The abnormal return is the disturbance term of the market model calculated on an out-of-sample basis:

ˆARit = Rit − α̂i − β̂iRmt

where α̂i and β̂i are OLS-estimated parameters from the estimation window. Under the null hypothesis
that the event has no impact on the distribution of returns, the abnormal returns will be jointly normally
distributed with a zero conditional mean and conditional variance σ2( ˆARit), where

σ2( ˆARit) = σ2
εi +

1

L
[1 +

(Rmt − ¯Rmt)
2

σ̂2
m

]

where L is the length of the estimation window.

The conditional variance thus has two components. One component is the disturbance variance σ2
εi from the

abnormal returns, and a second component is additional variance due to the sampling error in αi and βi. This
sampling error, which is common for all the event window observations, also leads to serial correlation of the
abnormal returns despite the fact that the true disturbances are independent through time. But as the length
of the estimation window L becomes large, the second term approaches zero as the sampling error of the
parameters vanishes. The variance of the abnormal return will be σ2

εi and the abnormal return observations
will become independent through time. Here, the estimation window (365 days) is large enough to make it
reasonable to assume that the contribution of the second component to the variance of the abnormal return
is zero. Therefore, under H0, the distribution of the sample abnormal return is

ˆARit ∼ N(0, σ2
εi)

3.4 Robustness Check

For the liquidity and ownership models, I will run tests for multicollinearity, which I will specify in the result
section for each below. Other than multicollinearity concerns, I also consider the following two robustness
checks.
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3.4.1 Time Period Specification

Since there was a seven-month period between the program announcement and actual policy launch, I will
run the liquidity and ownership models specified above, but without the data points in the interim period.
Since the market response to the announcement might have impacted the price behavior (which we also
explore in detail in the event study section), excluding the interim period would check for the robustness of
our model conclusions.

3.4.2 Placebo Test

Lastly, I construct baskets of A and H shares that do not have counterparts listed on the other market, and
run the same event study tests as above across two time periods (before and after the connect program). This
robustness check allows me to inspect whether abnormal returns also exist for stocks not affected by the new
policy.

4 Data

4.1 Data Description

My sample includes all Chinese firms that have issued both A and H shares since July 1993, when the first H
listing occurred. The sample period for each firm starts on the listing date of A or H shares of the company,
whichever is later. The firms also need to have both A and H shares listed by April 2014, when the stock
connect program was first announced. During my sample period, there are 51 firms that have both A and
H shares and satisfy the above conditions. These 51 companies are among the largest and most established
Chinese public companies – an important reason why these companies received approval for dual-listing.
As of February 2016, the total market capitalization of the 51 companies stood around $2 trillion4, 55% of
total Shanghai Stock Exchange market capitalization.

Data on A and H shares’ daily closing prices, closing bid prices, closing ask prices, trading volume, number
of shares outstanding, and number of state-owned shares are from the DataStream database. All the stock
returns are adjusted for dividends and stock splits. Number of tradable and nontradable A shares are from
the China Stock Market and Accounting Research database (CSMAR).

Exchange rates between RMB and USD, and between HKD and USD, are from Quandl. Shanghai value-
weighted market returns and Hong Kong value-weighted market returns are from Yahoo! Finance. The
returns of global portfolio are measured by Morgan Stanley Capital International All Country World Index
(MSCI’s ACWI) and extracted from Bloomberg.

4using USD/RMB exchange rate as of February 29th, 2016
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4.2 Summary Statistics

Of the 51 companies’ total market capitalization, 25.5% are currently traded in Hong Kong as H shares. The
percentage of H shares for a single company, in terms of market shares, ranges from 9% to 96%, with an
average of 27%.

The premium/discount is not uniformly distributed, ranging from an A-share discount of 10% on Anhui
Conch to a 368% A-share premium on Sinopec Oilfield Service Corporation. The unweighted average
A/H ratio of these 51 shares is around 199%, while the weighted average ratio is 133%, indicating that the
difference is greater among companies under-weighted on the index and lower between the bigger and more
liquid companies.

I plotted the premiums of 8 industries over its maximum listing periods (i.e. starting from when the first
company in the industry was listed on both Shanghai and Hong Kong). The dotted blue vertical line signals
April 2014, the announcement of the Stock Connect Program; the solid red vertical line signals November
2014, the start of the program; and the green shaded region refers to 2008 to 2009 global financial crisis.

Figure 1: Aggregate and Industry-wise Premiums
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5 Results

5.1 Liquidity

I run the liquidity test specified above on each individual stock, and then on the aggregate stock basket
controlling for industries using dummy variables. If we run the test on daily returns, the results are too
noisy and we may get false significance due to an extremely large number of observations. Given our time
scope, I run liquidity tests on monthly aggregate premiums, aggregate relative bid-ask spread and aggregate
turnovers.

Summarizing the results, out of the 51 companies, before the Stock Connect Program:

• There are 3 companies with negative coefficients on spread ratio and positive coefficients on turnover
ratio that are both significant;

• There is 0 company with positive coefficient on spread ratio and positive coefficient on turnover ratio
that are both significant;

• 18 companies have statistically significant negative coefficients on spread ratio;

• 12 companies have statistically significant positive coefficients on turnover ratio.

After the Stock Connect Program:

• There is 1 company with negative coefficients on spread ratio and positive coefficients on turnover
ratio that are both significant;

• There is 0 company with positive coefficient on spread ratio and positive coefficient on turnover ratio
that are both significant;

• 2 companies have statistically significant negative coefficients on spread ratio;

• 9 companies have statistically significant positive coefficients on turnover ratio.

Results for the aggregate basket controlling for industries, with Utilities industry as the base line are in Table
1. Overall, for the entire stock basket, the lower the A/H spread ratio, the larger the A/H share premium.
However, the turnover ratio does not appear a significant variable for the premium (and has the opposite
sign of coefficient as what our liquidity hypothesis predicted). Therefore, we posit that the original liquidity
hypothesis is partially confirmed: the higher the A share bid-ask spread compared to the H share bid-ask
spread, the less liquid A share is compared to the H share, and thus the lower A share price compared to the
H share; while daily turnover, although also a liquidity measure, does not have a significant effect on the
price differential.

Comparing before and after the Stock Connect Program, we see the impact of spread ratio on the A/H share
premium had little change.
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Industry-wise, Financials firms tend to have lowest premiums, ceteris paribus. This could be due to the fact
that Financials companies, mostly large banks, are the relatively most globalized firms in the Chinese market;
a Chinese bank is not much different from, say, a Hong Kong or Singaporean bank, in terms of structures
and policies. Therefore, there is less incentive for international investors to chase after the Shanghai shares
of a Financials company.

Looking at the change in premium before and after the new policy, Properties & Construction companies
saw the biggest jump in A/H premium. This could be explained by the mass properties development in
mainland China fueled by heavy government subsidies. For many local government officials, the properties
and construction industry is a significant tax revenue generator and thus a large part of their performance
measurement. Hence, the properties & construction industry is seen to have enormous inherent state backing,
which attracts the most attention from international investors when they pour capital into the newly eligible
A shares.

The full version of Table 1 is available in the Appendix B.1. The three separate columns of regression
coefficients serve as robustness checks for collinearity. The second column, Model (1), has both bid-ask
spread ratio and turnover ratio as regression covariates; the third column, Model (2), only includes bid-ask
spread ratio on the right hand side, without turnover ratio; while the last column, Model (3) only includes
turnover ratio.
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Table 1: Liquidity vs Premium, monthly

Dependent variable:

A/H premium - monthly

(1) (2) (3)

Connect −0.133 −0.150 −0.105
(0.213) (0.211) (0.213)

Spread ratio −0.063∗∗∗ −0.063∗∗∗

(0.014) (0.014)

Turnover ratio −0.010 −0.009
(0.014) (0.014)

Financials −0.690∗∗∗ −0.697∗∗∗ −0.710∗∗∗

(0.079) (0.079) (0.079)

... ... ... ...

Connect:Spread ratio 0.039∗ 0.039∗

(0.021) (0.021)

Connect:Turnover ratio −0.003 −0.004
(0.021) (0.021)

Connect:Properties 0.760∗∗∗ 0.762∗∗∗ 0.804∗∗∗

(0.264) (0.264) (0.263)

... ... ... ...

Constant 1.789∗∗∗ 1.785∗∗∗ 1.772∗∗∗

(0.068) (0.068) (0.068)

Observations 5,433 5,433 5,433
R2 0.125 0.125 0.121
Adjusted R2 0.122 0.122 0.119
Residual Std. Error 1.297 (df = 5413) 1.297 (df = 5415) 1.300 (df = 5415)
F Statistic 40.742∗∗∗ (df = 19; 5413) 45.476∗∗∗ (df = 17; 5415) 43.970∗∗∗ (df = 17; 5415)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Comparing the three different regression model specifications – with both bid-ask spread ratio and turnover
ratio, with only bid-ask spread ratio, and with only turnover ratio – we see that our conclusions above hold
across all three specifications: the bid-ask spread ratio has a negative impact on A/H share premiums, while
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turnover ratio does not have a significant effect. After the Stock Connect Program, the impact of spread ratio
had little change.

In my data sample, the bid-ask spread ratio and the turnover ratio has a correlation of -0.042, which is the
right sign as we would have expected – the higher A share bid-ask spread is to H share’s, the less liquid A
shares are, which can be expressed in lower turnover of A shares. But the correlation magnitude is quite
small. Indeed, running an F test between the full model and the reduced model with only bid-ask spread
ratio, a p-value of .883 indicates that the full model does not provide a significantly better fit than the reduced
model.

5.2 Ownership and Share Structures

Out of the 51 companies tested, 46 experienced change in both A and H share state ownership percentage
before the Stock Connect Program. Out of the 46:

• There are 5 (11%) companies with both negative coefficients on both percentages of A shares and H
shares owned by the state;

• There is 1 (2%) company with both positive coefficients on both percentages of A shares and H shares
owned by the state;

• There are 5 (11%) companies with positive coefficients on percentage of A shares owned by the state,
while negative coefficients on percentage of H shares owned by the state;

• There are 5 (11%) companies with negative coefficients on percentage of A shares owned by the state,
while positive coefficients on percentage of H shares owned by the state;

• 14 (30%) companies have statistically significant positive coefficients on percentage of A shares
owned by state;

• 20 (43%) companies have statistically significant negative coefficients on percentage of A shares
owned by state;

• 8 (17%) companies have statistically significant positive coefficients on percentage of H shares owned
by state;

• 13 (28%) companies have statistically significant negative coefficients on percentage of H shares
owned by state;

After the Stock Connect Program, 22 out of 51 companies experienced change in state ownership of both A
and H shares. Of these 22 companies,

• No company has both negative coefficients on both percentages of A shares and H shares owned by
the state;

• No company has both positive coefficients on both percentages of A shares and H shares owned by
the state;
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• There are 2 (9%) companies with positive coefficients on percentage of A shares owned by the state,
while negative coefficients on percentage of H shares owned by the state;

• There are 2 (9%) companies with negative coefficients on percentage of A shares owned by the state,
while positive coefficients on percentage of H shares owned by the state;

• 4 (18%) companies have statistically significant positive coefficients on percentage of A shares owned
by state;

• 2 (9%) companies have statistically significant negative coefficients on percentage of A shares owned
by state;

• 4 (18%) companies have statistically significant positive coefficients on percentage of H shares owned
by state;

• 4 (18%) companies have statistically significant negative coefficients on percentage of H shares owned
by state;

Thus, no uniform relationship has been established between the individual A/H share premium and the
ownership structures.

Looking at the entire 51 stock basket (the full version of Table 2 is available in the Appendix B.2. “State-
OwnA” refers to the percentage of A shares owned by the state; “StateOwnH” refers to the percentage of H
shares owned by the state. The second column, Model (1), has both StateOwnA and StateOwnH as regres-
sion covariates; the third column, Model (2), only includes StateOwnA; while the last column, Model (3),
only includes StateOwnH), we see that the percentage of A shares owned by the state has a slightly negative
impact on the A/H premium, while the percentage of H shares owned by the state has a positive impact.
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Table 2: Ownership vs Premium, monthly

Dependent variable:

AHpremium

(1) (2) (3)

Connect 0.593∗∗∗ 0.004 0.354∗

(0.216) (0.129) (0.206)

StateOwnA −0.001∗ −0.001∗∗∗

(0.0004) (0.0004)

StateOwnH 0.005∗∗∗ 0.006∗∗∗

(0.001) (0.001)

Financials −0.737∗∗∗ −0.739∗∗∗ −0.747∗∗∗

(0.048) (0.047) (0.048)

... ... ... ...

Connect:StateOwnA −0.005∗∗∗ −0.005∗∗∗

(0.001) (0.001)

Connect:StateOwnH −0.007∗∗∗ −0.006∗∗∗

(0.002) (0.002)

Connect:Properties 1.069∗∗∗ 1.019∗∗∗ 1.048∗∗∗

(0.158) (0.159) (0.158)

... ... ... ...

Constant 1.366∗∗∗ 1.829∗∗∗ 1.333∗∗∗

(0.071) (0.041) (0.069)

Observations 4,976 4,976 4,976
R2 0.240 0.230 0.237
Adjusted R2 0.237 0.228 0.234
Residual Std. Error 0.739 (df = 4956) 0.743 (df = 4958) 0.740 (df = 4958)
F Statistic 82.473∗∗∗ (df = 19; 4956) 87.352∗∗∗ (df = 17; 4958) 90.454∗∗∗ (df = 17; 4958)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Looking at the change in effect before and after the Stock Connect program, we see that impacts of state
ownership decreased after the new policy, for both A and H shares.
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The three separate columns in Table 2 serve as multicollinearity check for the model specification, similar to
the one done in the liquidity section above. In my data sample, the percentage of A shares owned by the state
and the percentage of H shares owned by the state have a correlation of -0.177 – the more government-owned
A shares, the fewer government-owned H shares – although we do not assert certain causal relationships
between the two. An F test yields a large p-value of .664, making us unable to reject the null hypothesis that
the full model does not provide a significantly better fit than the reduced model.

Industry-wise, we confirmed what we found above from the liquidity test: Financials has the lowest premium
among all industries due to it being the most globalized sector, both before and after the new policy. Proper-
ties & Constructions has the biggest premium jump after Connect, due to its “hottest” sector perception.

5.3 Event Studies: Abnormal Returns

5.3.1 Market Return Correlation & Volatility

I first look at the correlation between A and H share daily returns, as well as their volatilities before the
stock connect program announcement (4/10/2014), in between the program announcement and launch, and
after the program launch (11/17/2014). The aggregate correlations (or volatilities) are calculated as weighted
averages of individual correlations (or volatilites), with weights being total assets of the firms.

Table 3: Correlations and Volatilites of Daily Returns

Time Period A&H correlation A volatility H volatility

before 4/10/2014 0.516 0.129 0.065

4/10/2014 to 11/17/2014 0.796 0.017 0.015

after 11/17/2014 0.730 0.106 0.065

We observe an increase in A and H share correlation after the new policy. To test for the statistical signif-
icance of such increase in correlation, I conducted Fisher transformation on the correlations and inferred a
z-score of -40, with p-value essentially 0. Thus we do observe a meaningful increase in A/H share correlation
after the new policy.

I also used an F test inspecting the difference between the pre vs. post-connect volatility. Although I obtain
significance in the volatility difference for both A and H baskets, we do realize that the volatility change
was likely more influenced by the overall market conditions, than the connect policy. Thus we only present
volatility for data overview purposes.
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5.3.2 Event Study Result

Using the event study techniques specified in Section 3.3, with Capital Asset Pricing Model, I obtain the
number of A shares and the number of H shares that experienced abnormal returns during certain periods
after the two event dates of interest:

Table 4: Number of stocks with abnormal returns post program announcement/launch

# of abnormal return A shares # of abnormal return H shares

After announcement

Over 1 day 9 22
Over 2 weeks 0 1
Over 1 month 2 5

After launch

Over 1 day 21 21
Over 2 weeks 11 15
Over 1 month 21 21

We see that, 1 day after the announcement of the Stock Connect Program, a considerable number of both A
and H shares had abnormal returns, with H shares reacting more than A shares. But such abnormal returns
died down rather quickly: 2 weeks after the announcement, almost no share still exhibited abnormal return.
On the other hand, however, the launch of the program had a more lasting impact on the abnormal returns
of both A and H shares. We see that around 40% of both A and H stocks still exhibited abnormal returns 1
month after the program launch.

This behavior is rather curious because, if we consider the shock effect of this new policy, the surprise to the
market should be strongest when the program was announced. In the seven-month interim period between
the program announcement and actual launch, the market should have already prepared for the forthcoming
new policy and priced in regulatory changes; thus there should not have been persistent abnormal returns
after the launch of a pre-announced program. However, this was not the case for the stock connect program.
This may well have a lot to do with the peculiar nature of China’s financial market and the uncertainty of
this policy announcement. First, while the market was “shocked” by the announced policy, investors were
not sure whether the government would actually carry through on such a promise, as Chinese regulators had
flip-flopped on a number of policies (such as circuit breakers). Thus it was another “shock” factor when the
program actually went into effect. Moreover, the Chinese premier only announced that a connect program
would be put into action, without specifying volume quotas and durations. Hence there was still a lot of new
information flooding the market when the program actually went into effect in November 2014.

We do acknowledge, at the same time, that an alternative explanation to the lack of response after announce-
ment was due to liquidity effect, which could have a significant impact on share movements as tested above.
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Since the policy had not actually come into place during the interim period, the liquidity boost had yet to
kick in until the actual program launch, subduing the reaction during the interim period.

5.4 Robustness Checks

5.4.1 Time Period Specifications

As we have tested above, the announcement of the stock connect program did not largely contribute to
abnormal returns of the dual-listed shares; but it indeed had impact on the correlations between the dual-
listed A and H shares. To see whether the fixed-effect regression results might have been skewed by the
interim period – which was included in the “before” period in the results presented in previous sections – I
ran the same tests but excluding observations during the interim, between April 10th, 2014 and November
17th, 2014. The results are in Appendix D.1.

We see that excluding the interim observations does not alter the directions and relative magnitudes of the
estimated coefficients; our findings from the liquidity and ownership sections above still hold.

5.4.2 Placebo Test

I constructed two baskets of “placebo” stocks, one consisting of 8 A shares without H counterparts, and
another of 8 H shares without A counterparts. The 8 companies represent the 8 subindustries, and the
selected companies are of similar sizes (in terms of assets and market capitalization) to the 51 dual-listed
companies. A description of the placebo set is attached in Appendix D.2. I tested for abnormal returns in a
one-month event window – here we choose one month instead of one day or two weeks, because there was
very likely price fluctuation of an individual stock in one day, and because the abnormal returns held for as
long as one month for the tested companies above.

Among the 8 placebos, none of the A or H placebo companies exhibited abnormal returns after program
announcement; none of the H placebo companies had abnormal returns 1 month after program launch, and
only 2 A placebo companies had abnormal returns post launch. While we do realize that the selected basket
may not be a perfect representation of all the outstanding placebos, we do see that the large-cap companies
that are not dual-listed did not exhibit persistent abnormal returns as the dual-listed ones.

6 Conclusion

6.1 Summary

Examining the behavior of A and H share price movements before and after the Stock Connect Program,
we find that for the 51 dual-listed companies, there has been persistent price differential between their A
shares and H shares. One important reason affecting the price differential between A and H shares are the
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relative liquidity between the two classes; the more liquid A shares are compared to H shares, the smaller A
shares’ bid-ask spread is compared to H shares’, the higher the A share prices. And we do not see a decrease
in the impact of liquidity on the share premiums after the Stock Connect Program. Industry-wise, the
more globally connected industries, in particular Financials, exhibit the smallest A/H price differential, both
before and after the new policy. Those industries heavily backed by the mainland government, especially
Properties & Constructions, exhibited the highest change in price premium of A to H shares after the new
policy, indicating that industries with the most state subsidies received the biggest global investor appetite.

Looking at the event itself, the announcement of the Stock Connect Program had little impact on the returns
of both A and H share stocks, while the actual launch of the new program contributed to the abnormal
positive returns of a considerable amount of both A and H stocks.

6.2 Directions for Further Work

Another event of extreme interest concerning regulation and Chinese stock market behavior occurred in July
2015, when the Shanghai market experienced sharp crash which resulted in the suspension of many stocks.
It would be interesting to examine the behavior of A and H shares around the market plunge and suspension
(of both A and H shares, or only one of them).

In fact, each of the subtopics explored above – market correlation, liquidity hypothesis, ownership and share
structures and event studies – can be extended into much more details. For example, more comprehensive
liquidity proxies can be constructed; we can control for more specified accounting standards and regulations;
etc. These topics should all shed instructional lights on future policy directions, for further opening up the
Chinese financial market in both a timely and an orderly manner.
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A Summaries of Shanghai & Hong Kong Dual-Listed Firms

Assets and debts are in billion US dollar.

Table A.1: Consumer Goods Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Fosun Pharma 2196 600196 5.33 1.35 53 31

Baiyunshan Pharm 0874 600332 2.1 0.08 7 6

Tsingtao Brew 0168 600600 3.98 0.08 3 3

GAC Group 2238 601238 9.39 2.17 40 27

Shanghai Pharma 2607 601607 9.72 1.22 28 20

GreatWall Motor 2333 601633 9.39 NA NA NA

Table A.2: Consumer Services Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

China South Air 1055 600029 28.63 17.14 315 71

China East Air 0670 600115 25.13 14.85 326 75

Air China 0753 601111 31.21 17.34 211 65

Guangshen Rail 0525 601333 4.62 0 0 0
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Table A.3: Energy Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Sinopec Corp 0386 600028 219.17 49.93 55 33

Yanzhou Coal 1171 600188 19.33 10.15 172 61

Sinopec SSC 1033 600871 12.31 1.9 67 40

China Shenhua 1088 601088 81.46 13.8 30 20

China Oilfield 2883 601808 13.18 4.11 57 36

PetroChina 0857 601857 362.74 81.85 45 29

China Coal 1898 601898 36.85 14.86 112 48
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Table A.4: Financials Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Minsheng Banking 1988 600016 607.49 190.27 522 83

CITIC Sec 6030 600030 72.38 27.32 181 64

CM Bank 3968 600036 716.47 149.49 313 75

Haitong Securities 6837 600837 53.42 26.1 251 70

ABC 1288 601288 2412.06 241.63 160 60

Ping An 2318 601318 602.49 37.22 95 40

Bankcomm 3328 601328 948.74 233.35 326 76

NCI 1336 601336 97.21 11.87 169 61

ICBC 1398 601398 3123.7 334.32 147 58

CPIC 2601 601601 122.57 7.06 41 28

China Life 2628 601628 340.74 17.7 44 28

CEB Bank 6818 601818 414.86 108.97 401 80

CCB 0939 601939 2534.85 289.97 153 60

Bank of China 3988 601988 2310.52 416.49 256 69

CITIC Bank 0998 601998 626.63 141.59 359 77
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Table A.5: Industrials Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Dongfang Elec 1072 600875 12.73 0.96 32 23

SH Electric 2727 601727 21.37 1.19 22 14

CRRC 1766 601766 22.67 1.58 25 16

CSCL 2866 601866 8.12 3.66 97 49

China COSCO 1919 601919 22.56 13.19 356 66

Table A.6: Materials Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Jiangxi Copper 0358 600362 14.35 4.22 60 36

Shanghai Pechem 0338 600688 4.55 0.86 34 25

CHALCO 2600 601600 29.08 18.99 442 75

Zijin Mining 2899 601899 11.27 3.4 79 39

CMOC 3993 603993 4.21 1.61 72 41
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Table A.7: Properties & Construction Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Anhui Conch 0914 600585 15.47 3.02 30 22

China Rail Cons 1186 601186 93.29 27.51 199 63

China Railway 0390 601390 102.97 28.59 197 63

MCC 1618 601618 48.96 18.7 260 67

China Comm Cons 1800 601800 110.32 NA NA NA

BBMG 2009 601992 17.34 6.13 130 52

Table A.8: Utilities Companies

Name H Ticker A Ticker Assets Debt Debt to Equity Debt to Capital

Huaneng Power 0902 600011 41.62 23.64 222 64

Huadian Power 1071 600027 28.59 17.76 369 73

Datang Power 0991 601991 46.45 26.98 402 73
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B Full Tables of Main Results

B.1 Liquidity5

Table B.1: Liquidity vs Premium, monthly with all observations

Dependent variable:

AHpremium

(1) (2) (3)

Connect −0.133 −0.150 −0.105
(0.213) (0.211) (0.213)

Spread ratio −0.063∗∗∗ −0.063∗∗∗

(0.014) (0.014)

Turnover ratio −0.010 −0.009
(0.014) (0.014)

Consumer Goods 0.199∗∗ 0.188∗∗ 0.207∗∗

(0.091) (0.090) (0.091)

Consumer Services 0.317∗∗∗ 0.311∗∗∗ 0.314∗∗∗

(0.089) (0.089) (0.089)

Energy 0.170∗∗ 0.172∗∗ 0.171∗∗

(0.081) (0.081) (0.081)

Financials −0.690∗∗∗ −0.697∗∗∗ −0.710∗∗∗

(0.079) (0.079) (0.079)

Industrials 0.655∗∗∗ 0.652∗∗∗ 0.648∗∗∗

(0.089) (0.089) (0.089)

Materials 0.486∗∗∗ 0.484∗∗∗ 0.499∗∗∗

(0.088) (0.088) (0.088)

Properties −0.535∗∗∗ −0.538∗∗∗ −0.550∗∗∗

(0.091) (0.091) (0.091)

Connect:Spread ratio 0.039∗ 0.039∗

(0.021) (0.021)

5Model(1) has both bid-ask spread ratio and turnover ratio as regression covariates; Model (2) only includes bid-ask spread ratio on
the right hand side, without turnover ratio; while Model (3) only includes turnover ratio.
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Table B.1: Liquidity vs Premium, monthly with all observations

Connect:Turnover ratio −0.003 −0.004
(0.021) (0.021)

Connect:Consumer Goods −0.126 −0.126 −0.139
(0.262) (0.261) (0.262)

Connect:Consumer Services −0.164 −0.192 −0.150
(0.283) (0.279) (0.283)

Connect:Energy 0.411 0.417∗ 0.417∗

(0.253) (0.253) (0.253)

Connect:Financials 0.369 0.353 0.376
(0.235) (0.233) (0.236)

Connect:Industrials 0.134 0.132 0.159
(0.275) (0.275) (0.276)

Connect:Materials 0.525∗ 0.512∗ 0.520∗

(0.269) (0.269) (0.270)

Connect:Properties 0.760∗∗∗ 0.762∗∗∗ 0.804∗∗∗

(0.264) (0.264) (0.263)

Constant 1.789∗∗∗ 1.785∗∗∗ 1.772∗∗∗

(0.068) (0.068) (0.068)

Observations 5,433 5,433 5,433
R2 0.125 0.125 0.121
Adjusted R2 0.122 0.122 0.119
Residual Std. Error 1.297 (df = 5413) 1.297 (df = 5415) 1.300 (df = 5415)
F Statistic 40.742∗∗∗ (df = 19; 5413)45.476∗∗∗ (df = 17; 5415)43.970∗∗∗ (df = 17; 5415)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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B.2 Ownership & Share Structures6

Table B.2: Ownership vs Premium, monthly with all observations

Dependent variable:

AHpremium

(1) (2) (3)

Connect 0.593∗∗∗ 0.004 0.354∗

(0.216) (0.129) (0.206)

StateOwnA −0.001∗ −0.001∗∗∗

(0.0004) (0.0004)

StateOwnH 0.005∗∗∗ 0.006∗∗∗

(0.001) (0.001)

Goods −0.225∗∗∗ −0.299∗∗∗ −0.235∗∗∗

(0.055) (0.055) (0.055)

Services 0.246∗∗∗ 0.158∗∗∗ 0.241∗∗∗

(0.053) (0.053) (0.054)

Energy 0.041 0.070 0.042
(0.048) (0.048) (0.048)

Financials −0.737∗∗∗ −0.739∗∗∗ −0.747∗∗∗

(0.048) (0.047) (0.048)

Industrials −0.231∗∗∗ −0.190∗∗∗ −0.243∗∗∗

(0.054) (0.054) (0.053)

Materials 0.231∗∗∗ 0.264∗∗∗ 0.222∗∗∗

(0.053) (0.053) (0.053)

Properties −0.647∗∗∗ −0.629∗∗∗ −0.654∗∗∗

(0.054) (0.054) (0.054)

Connect:StateOwnA −0.005∗∗∗ −0.005∗∗∗

(0.001) (0.001)

Connect:StateOwnH −0.007∗∗∗ −0.006∗∗∗

(0.002) (0.002)
6“StateOwnA” refers to the percentage of A shares owned by the state; “StateOwnH” refers to the percentage of H shares owned by

the state. Model(1) has both StateOwnA and StateOwnH as regression covariates; Model (2) only includes StateOwnA; while Model
(3) only includes StateOwnH.
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Table B.2: Ownership vs Premium, monthly with all observations

Connect:Goods 0.299∗∗ 0.381∗∗ 0.290∗

(0.151) (0.151) (0.151)

Connect:Services −0.122 0.010 −0.126
(0.170) (0.161) (0.171)

Connect:Energy 0.440∗∗∗ 0.416∗∗∗ 0.553∗∗∗

(0.147) (0.147) (0.145)

Connect:Financials 0.357∗∗ 0.481∗∗∗ 0.282∗∗

(0.139) (0.136) (0.137)

Connect:Industrials 0.894∗∗∗ 0.872∗∗∗ 0.909∗∗∗

(0.150) (0.151) (0.151)

Connect:Materials 0.801∗∗∗ 0.766∗∗∗ 0.782∗∗∗

(0.154) (0.155) (0.154)

Connect:Properties 1.069∗∗∗ 1.019∗∗∗ 1.048∗∗∗

(0.158) (0.159) (0.158)

Constant 1.366∗∗∗ 1.829∗∗∗ 1.333∗∗∗

(0.071) (0.041) (0.069)

Observations 4,976 4,976 4,976
R2 0.240 0.230 0.237
Adjusted R2 0.237 0.228 0.234
Residual Std. Error 0.739 (df = 4956) 0.743 (df = 4958) 0.740 (df = 4958)
F Statistic 82.473∗∗∗ (df = 19; 4956)87.352∗∗∗ (df = 17; 4958)90.454∗∗∗ (df = 17; 4958)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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C Robustness Check Results

C.1 Full Regression Tables Excluding Interim Period Observations7

Below are the regression results of liquidity and ownership models, excluding the data points between the
policy announcement (April 10th, 2014) and the policy launch (November 17th, 2014).

Table C.1.1: Robustness Check – Liquidity vs Premium, monthly excluding interim period

Dependent variable:

AHpremium

(1) (2) (3)

Connect −0.172 −0.193 −0.145
(0.219) (0.217) (0.219)

Spread ratio −0.064∗∗∗ −0.064∗∗∗

(0.015) (0.015)

Turnover ratio 0.002 0.002
(0.015) (0.015)

Goods 0.215∗∗ 0.217∗∗ 0.224∗∗

(0.097) (0.095) (0.097)

Services 0.319∗∗∗ 0.320∗∗∗ 0.315∗∗∗

(0.094) (0.094) (0.094)
Energy 0.170∗∗ 0.170∗∗ 0.173∗∗

(0.085) (0.085) (0.085)

Financials −0.729∗∗∗ −0.727∗∗∗ −0.751∗∗∗

(0.084) (0.084) (0.084)

Industrials 0.685∗∗∗ 0.686∗∗∗ 0.678∗∗∗

(0.094) (0.094) (0.095)

Materials 0.499∗∗∗ 0.499∗∗∗ 0.511∗∗∗

(0.093) (0.093) (0.093)

Properties −0.571∗∗∗ −0.571∗∗∗ −0.588∗∗∗

(0.097) (0.097) (0.097)

Connect:Spread ratio 0.040∗ 0.040∗

7Model (1), (2), (3) in Table C.1.1 have the same specifications as Table B.1; Model (1), (2), (3) in Table C.1.2 have the same
specifications as Table B.2.
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Table C.1.1: Robustness Check – Liquidity vs Premium, monthly excluding interim period

(0.022) (0.022)

Connect:Turnover ratio −0.015 −0.015
(0.022) (0.022)

Connect:Goods −0.143 −0.155 −0.155
(0.269) (0.269) (0.270)

Connect:Services −0.165 −0.200 −0.152
(0.290) (0.287) (0.291)

Connect:Energy 0.411 0.419 0.416
(0.260) (0.259) (0.260)

Connect:Financials 0.408∗ 0.383 0.418∗

(0.242) (0.240) (0.242)

Connect:Industrials 0.103 0.098 0.129
(0.283) (0.283) (0.283)

Connect:Materials 0.513∗ 0.497∗ 0.508∗

(0.277) (0.276) (0.277)

Connect:Properties 0.796∗∗∗ 0.795∗∗∗ 0.842∗∗∗

(0.271) (0.271) (0.271)

Constant 1.828∗∗∗ 1.828∗∗∗ 1.812∗∗∗

(0.072) (0.071) (0.072)

Observations 5,080 5,080 5,080
R2 0.127 0.127 0.123
Adjusted R2 0.124 0.124 0.120
Residual Std. Error 1.329 (df = 5060) 1.328 (df = 5062) 1.331 (df = 5062)
F Statistic 38.707∗∗∗ (df = 19; 5060)43.235∗∗∗ (df = 17; 5062)41.865∗∗∗ (df = 17; 5062)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table C.1.2: Robustness Check – Ownership vs Premium, monthly excluding interim period

Dependent variable:

AHpremium

(1) (2) (3)

Connect 0.559∗∗ −0.049 0.327
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Table C.1.2: Robustness Check – Ownership vs Premium, monthly excluding interim period

(0.221) (0.132) (0.211)

StateOwnA −0.001∗∗ −0.001∗∗∗

(0.0004) (0.0004)

StateOwnH 0.006∗∗∗ 0.006∗∗∗

(0.001) (0.001)

Goods −0.226∗∗∗ −0.310∗∗∗ −0.239∗∗∗

(0.059) (0.058) (0.059)

Services 0.246∗∗∗ 0.160∗∗∗ 0.239∗∗∗

(0.056) (0.055) (0.056)

Energy 0.034 0.068 0.034
(0.050) (0.050) (0.050)

Financials −0.765∗∗∗ −0.773∗∗∗ −0.777∗∗∗

(0.051) (0.049) (0.051)

Industrials −0.257∗∗∗ −0.214∗∗∗ −0.273∗∗∗

(0.057) (0.057) (0.056)

Materials 0.236∗∗∗ 0.273∗∗∗ 0.225∗∗∗

(0.056) (0.056) (0.056)

Properties −0.689∗∗∗ −0.670∗∗∗ −0.699∗∗∗

(0.057) (0.057) (0.057)

Connect:StateOwnA −0.005∗∗∗ −0.005∗∗∗

(0.002) (0.002)

Connect:StateOwnH −0.007∗∗∗ −0.006∗∗∗

(0.002) (0.002)

Connect:Goods 0.300∗ 0.393∗∗ 0.295∗

(0.154) (0.155) (0.155)

Connect:Services −0.122 0.008 −0.124
(0.174) (0.164) (0.174)

Connect:Energy 0.447∗∗∗ 0.418∗∗∗ 0.561∗∗∗

(0.150) (0.151) (0.148)
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Table C.1.2: Robustness Check – Ownership vs Premium, monthly excluding interim period

Connect:Financials 0.385∗∗∗ 0.515∗∗∗ 0.312∗∗

(0.142) (0.139) (0.141)

Connect:Industrials 0.935∗∗∗ 0.913∗∗∗ 0.954∗∗∗

(0.154) (0.155) (0.154)

Connect:Materials 0.796∗∗∗ 0.757∗∗∗ 0.780∗∗∗

(0.158) (0.159) (0.158)

Connect:Properties 1.095∗∗∗ 1.043∗∗∗ 1.077∗∗∗

(0.162) (0.162) (0.162)

Constant 1.400∗∗∗ 1.882∗∗∗ 1.360∗∗∗

(0.075) (0.043) (0.073)

Observations 4,623 4,623 4,623
R2 0.244 0.234 0.240
Adjusted R2 0.241 0.231 0.238
Residual Std. Error 0.752 (df = 4603) 0.757 (df = 4605) 0.754 (df = 4605)
F Statistic 78.280∗∗∗ (df = 19; 4603)82.813∗∗∗ (df = 17; 4605)85.701∗∗∗ (df = 17; 4605)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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C.2 Summaries of Placebo Stocks

Table C.2.1: A Share Placebo Companies

Name A Ticker Assets Debt Debt to Equity Debt to Capital

Haier 600690 11.37 2.60 77.55 36.77

HNA Group 600221 18.71 1.13 257.55 69.93

Shanghai Energy 600508 2.12 .33 27.28 20.3

Pacific Securities 601099 2.18 .41 42.14 27.31

Sany 600031 9.60 4.31 118.17 53.18

Anhui Xinke New Materials 600255 .53 .18 57.81 35.64

Poly Real Estate 600048 55.90 19.36 205.54 60.95

GD Power Development 600795 37.66 22.00 304.16 68.56

Table C.2.2: H Share Placebo Companies

Name H Ticker Assets Debt Debt to Equity Debt to Capital

Want Want 0151 3.41 1.13 69.08 40.76

China Mobile 0941 244.6 .97 0.59 0.59

China Environmental Energy Inv 0986 .14 .04 42.24 29.93

CASH Financial Services 0510 .32 .04 44.56 30.63

Techtronic Industries Company 0669 50.73 10.59 45.26 31.16

China National Building Material 3323 48.05 30.02 482.24 75.94

Lifestyle International 1212 4.42 1.92 112.53 48.87

Hong Kong and China Gas Co 0003 17.55 5.24 64.84 36.3
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Price Dynamics in England from 1820-1864: 
Corn, trade liberalization, and railway mania
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Abstract

Using price and sales data from 309 markets in England from 1820-1864, I study the 1846 Corn Law trade
liberalization in England. I show that the trade liberalization substantially reduced costs of consuming
staple grains for the average consumer. Most importantly, I show that the liberalization had distributional
effects where some markets experienced substantial price decline, whereas other markets experienced
stagnant or even rising prices. The variation in price changes can be attributed to the varying degree to
which the transportation network improved in the years leading up to the liberalization. Post-liberalization,
access to infrastructure such as roads, waterways or railways turns out to be a good predictor of whether
the prices declined or not in a particular market.
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1. Introduction 
In 1846, a seminal event happened in the economic history of England and more importantly, the world 
trade system. This was when the British Parliament voted to repeal the protectionist Corn Laws and 
allowed tariff-free international grain to enter English ports to be sold in local markets (James and Lake, 
1989). In the debates surrounding trade liberalization, the repeal is considered the most important trade 
liberalization in history due to the preeminence of England as the leading trading nation of the era, and 
the knock-on effect this liberalization had on other European countries (Baldwin and Martin, 1999). 
Using price and sales data from 308 markets in England during the period 1820-1864, this paper will 
show that the Corn Law repeal resulted in lower prices of staple goods being faced by the consumers. 
However, the repeal also resulted in the creation of a two-speed economy where better connected areas 
fared better, and the relatively remote markets failed to fully realize the gains from liberalization. 

The liberalization was not without its detractors. Standard economic theory stipulates that the effect of 
trade liberalization is beneficial to consumers on account of not only an increase in available consumption 
choices, but also of lower prices in consuming the good (Kinsey, 1998). More choices, coupled with 
lower prices effects an increase in welfare as more (both in terms of quantity and quality) can be now 
consumed given one’s original endowment. However, trade liberalizations such as the Corn Law repeal 

still remain contentious due to various reasons in the political economy of countries, the lobbying power 
of unions and other interest groups being foremost among them (Simmons and Elkins, 2004). Further, 
price reductions brought about by liberalization also tend to hurt producers at home who are faced with 
lower incomes as a result (McKay et al., 2004).  

I have two major aims in this paper. First, I show that average transportation costs fell substantially, 
spurred by lower barriers to trade and an increased investment in the railroad infrastructure in the 1840s. 
Second, I show that the trade liberalization was beneficial to the consumers on account of cheaper foreign 
grain being made available for sale in the local markets. However, not all areas of the country 
experienced a drop in prices, with several markets experiencing higher prices post-liberalization. I will try 
to explain this apparent failure of liberalization in certain markets by positing that the growth of 
transportation networks had a great role to play in the creation of such an economy. Lack of access to 
transportation networks resulted in higher prices, as grain could not be moved to off-grid local markets in 
a timely fashion. 

Methodologically, this paper will study price differentials among the local markets as well as between 
England and foreign markets. According to Chilosi et al. (2013), “when traders share information and 

trade costs are small, price differences are quickly arbitraged away and prices converge.” Hence, paper 

will make use of price convergence (or lack thereof) to argue about the distributional impacts of trade 
liberalization. Further, in order to ascertain trade costs, this paper will make use of a locally produced 
grain (beans) and the price differentials between producing and consuming regions to chart how distance 
ceased to matter much in the price faced by consumers. 

 
2. Literature Review 

2.1 History of the Corn Laws 
Throughout the 19th century, nations around the world held tariff rates at extremely high levels to allow 
flourishing of local industry. For example, in the United States, tariff rates were generally above 10%, and 
hovered consistently around 20-30% of the value of goods imported (Bils, 1984). Infant industry 
protection proliferated during this period, and beggar-thy-neighbor policies were norm de jure. However, 
the rising capitalist class of the era was acutely aware of the fruits of liberalization, having made its 
fortune in the textile behemoths of Manchester and Liverpool. Cheaper grain would allow the 
industrialists to pay lower wages to their workers, thus increasing their profits and stimulating industrial 
exports (James and Lake, 1989). It was only the agrarian rural elites, and their greater power in 
government that enabled the Corn Law to remain in place for so long. Further, cheap grain was readily 
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available in the United States and other places around Europe, and hence it was making increasing sense 
for the British government to push for a repeal.  

According to Moore (1965), the rationale behind the Corn Laws was the belief that high agricultural 
prices led to rural prosperity. The countryside population, especially the big landowners, believed that 
prosperity could not be shared by urban and rural populations, and that the sacrifice had to come from the 
urban consumers owing to the inherent importance of agriculture to society.  

During this time, a constituency counter to the agriculturalists was developing rapidly in the urban centers 
of England – the big manufacturers and industrialists setting up factories in cities such as London and 
Manchester (Cottrell 1980). In the years leading up to the 1830s, the export sector saw a massive increase 
in its profits, and in the corresponding social and political power. However, an economic slump in the 
1830s, coupled with near-famine conditions due to failed crops, led to an increasing sense of disquiet 
among the industrialists who protested the seemingly unfair protections enjoyed by the agricultural sector 
(Ibid). The resulting high food prices gave impetus to action from the wage earning poor as well as the 
urban industrialists, uniting them under the auspices of the well-funded Anti-Corn Law League which 
undertook lobbying efforts for the law’s repeal. 

The repeal came in various stages. In the first stage of repeal in 1815, imports were only allowed if the 
average weighted corn price exceeded 80 shillings per quarter (Williamson, 1990). However, the price 
very rarely exceeded 74 shillings and thus the change in law bore minimal effect on imports. In 1822, the 
threshold was reduced to 70 shillings per quarter, but it was again devoid of substance as imports failed to 
nudge higher and prices continued to hover below the threshold. Another milestone for liberalization 
came in 1828 when tariffs on imports were linked to domestic grain prices on a sliding scale – the lower 
the prices at home, the higher the tariff at the ports. In an important development, tariffs on manufacturing 
were removed in 1842 but the proposal to remove tariffs on agricultural products was defeated in the 
parliament. All of this, however, was superseded in 1846 when Prime Minister Robert Peel removed all 
tariff and non-tariff barriers to importing grain from markets such as Prussia, Russia and the United States 
(James and Lake, 1989).  

 

2.2 Theoretical Motivation 
The Corn Laws presented an opportunity for one of the earliest debates on free trade and protectionism to 
take place. On one hand, there were Thomas Malthus and Herbert Spencer with their ideas of 
protectionism, while opposing them were Robert Torrens and David Ricardo who had recently discovered 
the principle of comparative advantage in 1815 (Schonhardt-Bailey, 2006).  

According to Spencer and Malthus, free trade would lower food prices and depress agricultural wages, 
leading the agricultural labor to seek employment in industry where unemployment would surge as a 
result. Malthus’ conclusions were attacked by Buchanan, who asserted that low prices would lead to 
lower wages, and that worker welfare would only improve with higher wages (Ibid). This assertion came 
from the fact that labor wages were traditionally paid in corn; thus a rise in price of corn automatically 
increased wages. However, the relationship was a theoretical one and not fully explored by Malthus 
himself (Ibid).  

On the other end of the spectrum, Ricardo and his associates represented a more modern outlook on the 
debate. They argued that protection resulted in lower wages (or higher corn prices), since lowered profits 
for manufacturers and farmers meant a cut in production costs. In the 1830s, Robert Torrens further 
argued that opening up the English economy to trade would actually raise wages (or lower corn prices) as 
the comparatively high productivity of English workers would trump their foreign counterparts, and they 
would be paid accordingly as a result (Ibid). George Porter, another theorist, agreed with Torrens and 
asserted that high food prices do not necessarily lead to higher wages (Ibid). The intensity of the debate 
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showed how important the issue was to political theorists of the era, and interest in Corn Laws continues 
to this day. 

Bliss (2003) speculates that cheaper corn might not have had the welfare effects that it is simplistically 
assumed to have on the basis of increasing purchasing power for a given wage. The wage level is affected 
by the alteration in terms of trade which is reflected in lower food prices. Further, wages might fall by a 
greater proportion than the proportion by which corn prices fell. However, the data shows that wages did 
rise, and this is attributed more to the rapid technological change rather than the change in trade tariffs. 
Bliss proposes further examination of the link between lower food prices and real wages, but for 
simplicity a fall in food prices will be taken as a rise in real income. 

Not all economists, however, were convinced that the tariff reduction would lead to an increase in 
welfare. Irwin (1988) shows that British welfare only increased when English tariff reductions were 
matched with tariff reductions abroad as well. Ceteris paribus, unilateral tariff reductions were found to 
have reduced British welfare since British exports were still subject to tariffs abroad. However, we do see 
evidence from the 1840s that as trade barriers fell, British consumers did benefit in the end. 

 

2.3 Transportation Networks 
But how was this gain in welfare distributed inside Britain? Schonhardt-Bailey (2006) argues that 
“economic interests in free trade both intensified and spread geographically,” alluding to the power of 

Lancashire industrialists who fervently supported the anti-Corn League. These industrialists were 
extremely active in one other arena as well – railway and infrastructure building. In the 19th century, 
there was no systematic government investment in infrastructure as we see today. Private entrepreneurs, 
such as the ones in Lancashire, engaged in the construction of railways and waterways throughout the 
country on important commercial routes. For example, the opening of Liverpool-Manchester railroad line 
in 1830 was followed by the so-called railway mania of the 1840s, at the end of which almost the entire 
country was covered by the rail network. This had great implications for the way grain was transported. 
For one, spatial price variation was greatly reduced as local price changes would immediately result in 
“flow from, or to the center so that all markets would rise and fall in line” (Schonhardt-Bailey, 2006). 
Hence, the railway network allowed the benefits from Corn Law repeal and other such liberalizations to 
diffuse throughout the country. 

 

3. Data 

I use five data sources, the primary source 
providing price and sales data from 309 English 
markets during the period 1820 - 1864. 
Additional data sources complement my analysis 
by explaining the micro and macro trends during 
the time of the Corn Law repeal.  

3.1 Primary Source 
The principal data source for this study comes 
from Corn Returns Online, an online repository 
containing scanned data from the London 

Gazette, an official publication of the British 
government containing information about price 
and quantity of major ‘corns’. The ‘corns’ refer to 
wheat, barley, rye, oats and beans, which were 
produced in varying quantities all over England. 
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The data were collected at the local market level, with several local markets from a county represented in 
the sample. Quantities are measured in bushels, whereas prices are measured in shillings. Further, the 
observations were on a weekly basis, starting from October 1820 to December 1864. The figure above 
shows the market share by sales of each commodity in the sample over time. 

Table 1: Summary of Prices by Period 
Unweighted Mean Prices 

 
Weighted Mean Prices 

           (1)           (2)           (3) 
 

           (1)           (2)           (3) 
Period 1820-27 1828-42 1847-55 

 
Period 1820-27 1828-42 1847-55 

Wheat  7.09 7.36 6.79 
 

Wheat  7.02 7.34 6.72 
Barley  3.98 4.03 3.95 

 
Barley  3.90 4.05 3.95 

Oats  2.81 2.89 2.86 
 

Oats  2.86 2.89 2.83 
Rye  4.27 4.51 4.43 

 
Rye  4.03 4.45 4.33 

Beans  4.80 4.81 4.88 
 

Beans  4.55 4.73 4.78 
Unweighted Median Prices 

 
Weighted Median Prices 

 
          (1)           (2)           (3) 

 
           (1)           (2)           (3) 

Period 1820-27 1828-42 1847-55 
 

Period 1820-27 1828-42 1847-55 
Wheat  7.09 7.50 6.30 

 
Wheat  7.08 7.54 6.23 

Barley  4.08 3.96 3.94 
 

Barley  4.08 3.99 3.92 
Oats  2.83 2.89 2.66 

 
Oats  2.88 2.90 2.64 

Rye  4.25 4.48 4.25 
 

Rye  4.05 4.35 4.13 
Beans  4.86 4.79 4.75 

 
Beans  4.68 4.70 4.63 

International Unweighted Mean Prices 
 

International Unweighted Median Prices 

 
          (1)           (2)           (3) 

 
           (1)           (2)           (3) 

Period 1820-27 1828-42 1847-55 
 

Period 1820-27 1828-42 1847-55 
Wheat  5.83 5.34 6.24 

 
Wheat  5.25 5.61 5.60 

Rye  3.77 3.45 4.26 
 

Rye  3.24 3.57 3.98 
Oats  2.38 2.27 2.27 

 
Oats  2.32 2.28 2.07 

Barley  3.32 2.97 3.75 
 

Barley  2.87 2.98 3.58 
Note: All prices are in shillings 

 

The geographical extent of the primary source data is as follows: from 1820 the Gazette published the 
Returns from 139 markets from mainly coastal counties. The markets included changed somewhat in 
1822 and 1823, followed by a more substantial change in 1828 when some larger inland towns were 
added to the list. Smaller Welsh towns were removed from the list at the same time. In 1842, the list 
expanded to include 290 markets, and continued with the same markets until 1864.  
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3.2 Secondary Sources 
Secondary data sources for this study include data from British Historical Statistics by B.R. Mitchell 
published in 1988. The book contains detailed statistics about sources of British corn imports and exports, 

often broken up by origin or destination 
countries. Additionally, Geographic 
Information System (GIS) software was 
used to map out the locations of all the 
markets on the list. Using market names in 
the primary data source, I plotted the 
latitude and longitude coordinates of the 
markets in ArcGIS software. The 
coordinate information was used to get 
information about (1) distances among 
markets, and (2) distances between markets 
and production regions of the crops 
represented in the primary data. Further, I 
used data from Historical GIS of Europe to 
ascertain distances of markets from railway 
lines, major roads and waterways. The 
figure here provides an example of the data, 
showing how the railway lines evolved 
from 1820 onwards. 

Finally, census data are drawn from Great 
Britain Historical database (GBH). The 
data set includes county level observation 
on population from the year 1801 onwards, 
collected at 10-year intervals until 1911. 
Also I have made use of Three Centuries of 

Data made publicly available by the Bank 
of England for exploration of concurrent trends in the English economy. Data used includes GDP 
estimates and other aggregate measures of the labor market, financial system and the money market. 

 

4. Estimation Methodology 
The determination of price, in equilibrium, takes place according to the following structural equations. 

𝑄𝐷 =  𝛼0 + 𝛼1𝑃 +  𝜀1 

𝑃 =
−𝛼0

𝛼1
+

1

𝛼1
𝑄𝐷 + 𝜑1 

𝑄𝑆 =  𝛽0 + 𝛽1𝑃 +  𝜀2 

Since in equilibrium Qs = QD, the equations may be rearranged to obtain 

𝑄 =  𝛽0 + 𝛽1 (
−𝛼0

𝛼1
) + 𝛽1 (

1

𝛼1
) 𝑄 + 𝜀1 + 𝜑1 

However, the supply and demand are subject to shocks, such as a decline in transportation costs or an 
increase in supply, modelled in the case of QS and QD as x and z respectively. 

Thus, the equations characterizing supply and demand now become 
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𝑄𝐷 =  𝛼0 + 𝛼1𝑃 + 𝛼2𝑥 +  𝜀1 

𝑃 =
−𝛼0

𝛼1
+

−𝛼2

𝛼1
𝑥 +

1

𝛼1
𝑄𝐷 + 𝜑1 

𝑄𝑆 =  𝛽0 + 𝛽1𝑃 + 𝛽2𝑧 + 𝜀2 

Solving for the equilibrium condition of 𝑄𝑆 = 𝑄𝐷, we obtain 

𝑄 (1 −
𝛽1

𝛼1
) =  𝛽0 − 𝛽1 (

𝛼0

𝛼1
) − 𝛽1 (

𝛼2

𝛼1
) + 𝛽2𝑧 + (𝜀2 −

𝛽1

𝛼1
𝜀1) 

This allows us to estimate the following reduced form equations for P and Q in equilibrium, where the �̂�s 
can be solved for the �̂�s and �̂�s. 

𝑄 =  𝜋10 + 𝜋11𝑥 + 𝜋12𝑧 + 𝜔1 

𝑃 =  𝜋20 + 𝜋21𝑥 + 𝜋22𝑧 + 𝜔2 

Since our variable of interest is price, I will estimate the following, 

(1) 𝑃 =  𝑋𝜷 + 𝑍𝜳 + (𝑋x𝑍)𝜰 + 𝜖 

where: vector X includes dummies representing the three Corn Law regimes 
 vector Z includes the transportation variables 
 vector XxZ includes interactions of interest between X and Z 
 and other controls such as foreign price, market and year fixed effects are included but not shown. 
For a robustness check, I include both nominal and real wheat prices as my dependent variable. 

Secondly, I estimate transportation costs by decomposing the price of beans into the production cost (at 
origin) and transportation cost required to ship the good from origin to destination. It is assumed that 
price at destination market is made up of two components—that is, the production cost and the 
transportation cost. For the following equation, I estimate coefficients 𝛽1 and 𝛽2 for all years available in 
the data. 

(2) ln(𝑝𝑖𝑡) =  𝛽1ln (𝑝𝑡
𝑜𝑟𝑖𝑔𝑖𝑛

) +  𝛽2 ln(𝑙𝑒𝑎𝑠𝑡𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑡
𝑑,𝑜) +  𝜀𝑖𝑡  

where pit is the price at destination market i at time t 

 𝑝𝑡
𝑜𝑟𝑖𝑔𝑖𝑛 is the average price at origin markets at time t, and 

 (𝑙𝑒𝑎𝑠𝑡𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑡
𝑑,𝑜) is the crow-fly distance from origin market to destination market at time t. 

 

5. Results 
The estimation results for equation (1) in Table 2 portray a consistent story for the key variables of 
interest, that is, the regime dummies and the interactions between market distance to rail infrastructure 
and the regime dummies. Firstly, the prices faced by consumers do decrease with each successive wave of 
liberalization, and secondly, the distance to railroad infrastructure becomes increasingly important in 
significance in determining the final price paid in each market.  
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Table 2: Main regression - Variables of interest 
 (1) (2) 
VARIABLES Wheat 

Price 
Real Wheat 

Price 
   
Foreign Price 0.915*** 0.715*** 
 (0.00581) (0.00683) 
period = 2, 1828-1842 -0.715*** -0.00948 
 (0.0450) (0.0529) 
period = 3, 1842-1846 -1.735*** -1.367*** 
 (0.0299) (0.0351) 
Dist. to rail -0.0342 -0.0489* 
 (0.0226) (0.0265) 
period = 1 x raildist Omitted Omitted 
 ----- ----- 
period = 2 x raildist 0.0726** 0.0954*** 
 (0.0287) (0.0338) 
period = 3 x raildist 0.211*** 0.239** 
 (0.0802) (0.0942) 
period = 4 x raildist 0.405*** 0.441*** 
 (0.115) (0.135) 
Year -0.0642*** -0.000263 

 (0.00150) (0.00177) 
Constant 120.1*** 4.607 
 (2.764) (3.249) 
   
Observations 6,970 6,970 
R-squared 0.951 0.890 
Number of mkt 282 282 
Market FE YES YES 
Year FE YES YES 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Period 1 = 1820-1827, period 2 = 1828-1842, period 3 = 1843-1846, Period 4 = 1847-1854 
The periods correspond to different Corn Laws regimes, where 1 refers to total import ban, 2 refers to 80s. price ceiling, 3 refers 

to 66s. price ceiling & 4 refers to liberalization. 
 

The coefficients in regression (1) and (2), having nominal wheat price and real wheat price respectively, 
differ to some extent with regards to the independent variables of interest and the control variables. Both 
models use market and time fixed effects, and have the same sign on all variables of interest, differing 
only in the magnitude and the significance level of the coefficients. 

As expected, the coefficients on the period dummies are negative and successively increase in their 
magnitude, showing that the prices consistently decreased relative to the base period of pre-liberalization. 
The results are largely significant at the 1% level. Further, the coefficients on the transportation variables 
also bear the expected signs. On the variable distance to railway infrastructure, the coefficient is negative 
and significant at the 10% level. Although it might appear counter-intuitive at first, it must be noted that 
the variable mainly captures years before the proliferation of the railway structure. The main railway lines 
that were initially built connected only the big urban centers, and hence prices were higher (due to 
increased demand) the closer a market was to the railway infrastructure. In contrast, markets that lay away 
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from the initial infrastructure were either producer markets or ports, and hence the prices observed in 
those markets were lower due to home-production or imports. 

The increasing importance of the rail network in each period is demonstrated by the coefficients on the 
interaction between rail distance and period dummies. The coefficients are positive, significant at the 5% 
level, and increase in magnitude with each successive period. This shows that the price premium paid for 
being at a unit distance away from the railway infrastructure increased with each period, demonstrating 
the increasing importance of the railway network in determining market prices. 

 

Marginal analysis on the interaction between road quartile, a variable that represents market access before 

liberalization, and rail quartile, a variable that represents market access after liberalization, delivers 
interesting results. Those markets with initially good market access (road quartile = 1) seem to 
consistently display lower prices even when they ended up in the fourth quartile of rail network after 
liberalization. In comparison, those in road quartile 2 initially show an increasing trend as the market ends 
up in higher quartiles of distance to rail infrastructure. Overall, the figure shows heterogeneous effects in 
markets depending on their initial and final positions in relation to infrastructure after successive waves of 
development peaking in the 1840s. 
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5.1 Transportation costs 

 
(a) Distance co-efficient for beans 

 

 
(b) Log(price) coefficient for beans 

 
The regressions estimating transportation costs show a trend consistent with the coefficient on 𝛽1 
reaching unity with time as the prices at the origin and the destination converge.  

The coefficient in (a) can be interpreted as follows: for a unit percentage change in price at origin, the 
price at the destination changes by a unit percentage as well with the improvements in infrastructure and 
greater domestic market integration. Further, the expansion in transport infrastructure is meant to make 
the distances less of a factor in determining the final prices of products. Hence, it is not surprising to 
observe that the coefficient on 𝛽2 approaches the value zero just as the coefficient 𝛽1 approaches unity as 
shown below.  

The changes in 𝛽2 over time can be interpreted as evidence of the fact that improvements in infrastructure 
resulted in lower prices for the consumers. For a unit percentage rise in distance between origin and 
destination markets, the price at destination increased by almost nothing. Hence, this is further evidence 
that improved transportation networks reduced the contribution of distance-based costs from the final 
price paid by the consumers. 

5.2 Robustness checks 
In order to test the robustness of my results, I have performed the regressions on both real and nominal 
wheat prices, and the results seem to hold for both dependent variables. Further, I conduct a Chow test 
with a dummy variable testing for a structural break in the sample. The dummy variable is described as 
follows: 

𝐷𝑖 =  {
0 if year < 𝑡
1 if year > 𝑡

  for 1820 ≤ t ≤ 1864 

I conduct this test to ascertain the point at 
which transportation costs began to matter 
in the determination of prices with the 
expansion of railway infrastructure. The 
results of the Chow test on the dummy 
variable are summarized in the graph here. 

The figure shows that the break in the 
sample can be considered to have occurred 
around the year 1840, the point where the 
dummy ceases to be statistically significant 
at the 10% level as much of the variation in 
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railway infrastructure takes places post-1840. Alternatively, the sample can be considered to have 
structurally changed around the year 1850 when the dummy variable becomes statistically significant at 
the 10% level again. This is the point when all the variation in railway infrastructure more or less comes 
to an end, and hence the sample exhibits a clear break before and after 1850.  

 

6. Conclusion and further work 
The paper has shown that removal of protectionist barriers was successful in lowering the cost of 
consumption for major staple goods in England. However, not all sections of the English public were able 
to benefit from the liberalization. Indeed, certain sections of the population actually ended up being 
worse-off compared to the pre-liberalization state. I show that improvements in transportation networks, 
most importantly railways, is an important predictor of such deviation in national prices. 

Methodologically, price deviation from national and international markets has been used to study the 
distributional implications of the repeal. I also show that the transportation costs declined in England due 
to a proliferation of railroads and waterways in the decade following initial tariff reduction. The private 
entrepreneurs detected an opportunity to profit from potentially increased flows of good flowing into 
England, and thus made investments that reduced transportation costs further in the country. This also had 
an impact on grain prices as they experienced a further reduction due to lower international and intra-
national transportation costs. 

The main contribution of this paper lies in the combined use of very different data sources in order to 
further understand the Corn Law repeal of 1846. Although it was a well-known fact that the liberalization 
worked by allowing imports and consequently reducing the price of major staple goods, my paper shows 
that the distributional impacts can be potentially attributed to markets access. Several extensions are also 
possible to the paper’s findings which are detailed below. 

Firstly, the distance based measures included in my analysis are only based on what is called the ‘crow-
fly’ distance, i.e. the straight line distances from the markets to the production areas. This does not take 
into account the terrain and any other features of the counties that might make access difficult e.g. non-
availability of mean, road and canal infrastructure. Secondly, the region and market-specific factors can 
be studied further. What else, apart from infrastructure, could have led to a higher decline in prices 
compared to other markets? Enriching the data with further sources might help in disentangling the causal 
relationship further. Econometrically, this the data used for this study has a panel spanning many time 
periods (large t) and a large number of units studied (large n). Further analysis should take into account 
issues such as stationarity of the data, meaning that the mean, variance and autocorrelation structure of the 
data do not change over time. Lastly, taking advantage of the large span of this dataset, tariff pass-through 
from producer to consumer areas can be studied to understand the price transmission mechanisms better. 
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Variations in Turkey's Female Labor Market: 
The puzzling role of education
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Abstract

Although Turkey ranks among the world's 20 largest economies, female labor force participation in 
Turkey is surprisingly low. Relative to other developed countries, however, the proportion of Turkish 
women in senior management is high. One explanation for these contrasting pictures of Turkey's female 
labor force is education. To better understand how own education and family characteristics explain 
variations in Turkey's female labor market, I use annual Turkish Household Labour Force Survey 
(HLFS) data from 2004-2012 to estimate five probabilities: the likelihood that a woman (1) participates 
in the labor force, or is employed in an (2) agricultural, (3) blue collar, (4) lower white collar, or (5) 
upper white collar job. University graduates have the highest participation rates overall, yet 
participation peaks among women with a primary school education who work in agricultural and blue 
collar jobs. Highly educated married women are more likely to participate in upper white collar jobs than 
single women with the same education level.

1I would like to thank Professors Kent Kimbrough and Timur Kuran for their patience, wisdom, and constant encouragement. 
Thank you to Suyash Kumar for encouraging me to be a real computer science major, to Professor Goknar for help with 
translation, to the Critical Language Scholarship program for the opportunity to study in Turkey, and to my friends and family for 
their enduring support.
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1. Introduction
Although Turkey ranks among the world’s 20 largest economies, female labor force participation in 
Turkey is surprisingly low.  Out of 142 economies, Turkey ranked 132nd for its gender gap in economic 
participation in the World Economic Forum’s 2014 Global Gender Gap Report.  In 2014, Turkey’s female 
labor force participation rate was 30.8 percent, significantly below the world and European Union (EU) 
averages of 50.8 and 50.7 percent (TurkStat, 2014; ILO, 2013).  In the same year, Turkey ranked last 
among OECD countries in female labor force participation (OECD, 2014).  Yet professional services 
giant Grant Thornton International paints a different picture of Turkish women.  According to its 2015 
International Business Report, 26 percent of senior management roles are held by women in Turkey, 
compared to the EU and United States which had 26 and 21 percent respectively.  In 2012, 12 percent of 
Turkish CEOs were female, placing Turkey not far behind the U.S. with 15 percent (World Bank).

One explanation for these contrasting portrayals of Turkey’s female labor force is education. Education 
significantly increases wage-earning potential, thereby increasing the opportunity cost of time-intensive 
household activities such as childbearing, child-rearing, and domestic chores (Becker, 1981; Schultz, 
1981). As a result, highly educated women participate at higher rates—in 2013, 72.7 percent of Turkish 
female university graduates participated in the labor force compared to 32.1 percent of high school 
graduates (TurkStat, 2014). Only 10.7 percent of women ages 25 and older had higher education degrees; 
however, they earned 91 percent more than high school graduates (TurkStat, 2014; OECD, 2014).  

Besides own education level, Ayşe Gündüz-Hoşgör and Jeroen Smits (2008) find that the labor market 
outcomes of married Turkish women are influenced by the educational and occupational decisions of their 
spouses. Interestingly, having a husband with a tertiary degree increases a woman’s likelihood of being a 
housewife. When the husband has a primary school or higher education, the likelihood of formal 
employment is also significantly lower. Women employed in upper nonmanual occupations tend to have 
husbands who are employed at the same level; wives of manual workers have the highest probability of 
being housewives, and wives of farmers participate in farming at an astonishingly high rate of 59 percent. 

Building upon the work of Gündüz-Hoşgör and Smits, I seek to determine how personal and family 

characteristics affect a woman’s decision to participate in the labor force and her probability of 

employment in a given sector. Using annual Turkish Household Labour Force Survey (HLFS) data from 
2004-2012 to conduct bivariate cross-tabulations and construct linear probability models, I estimate five 
probabilities: the likelihood that a woman (1) participates in the labor force or is employed in an (2) 
agricultural, (3) blue collar, (4) lower white collar, or (5) upper white collar job. Blue collar jobs involve 
manual labor and/or service work, and white collar professions include jobs that are typically performed 
in an office or other administrative setting.  

Increasing low female labor force participation rates is not a challenge unique to Turkey; however, the 
contrast between the non-working majority and senior management position-holding minority of Turkish 
women is puzzling. If Turkey seeks to become one of the world’s ten largest economies by 2023 as its 
president has claimed, then increasing the economic participation of Turkish women is a worthwhile 
strategy towards achieving this goal. Identifying the factors that influence Turkey’s female labor market 
variations will inform policy recommendations to increase female economic participation and catalyze 
inclusive economic growth. 

2. Relevant Background
The work of Gündüz-Hoşgör and Smits (2008) on the variation in participation among married Turkish 
women ages 15-49 serves as a foundation for this paper. They find that married women employed in 
formal jobs tend to be more educated and have husbands employed in skilled occupations. They also tend 
to have fewer children, live in Western Turkey and urban areas, and have less traditional gender role 
attitudes. Probability of formal sector employment increases with each step increase in educational level,
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but women seem to need at least a secondary education for white collar employment. Women with 
university degrees are in a special position; three-quarters are employed and 58 percent have upper 
nonmanual positions.  Since these factors are likely to affect single women differently, I compare the 
relative influence of age, education, location, and spouse and parent characteristics between single and 
married women.  

G ̈und ̈uz-Hoş g ̈or and Smits also find evidence of an added worker effect among married Turkish women, 
which supports the idea that married Turkish women work mostly out of necessity. This finding aligns 
with the work of Karaoğlan and Ökten (2012), who find that unemployment has both a considerable 
discouraging effect on female labor force participation, as well as an added worker effect. Yet both of 
these papers contradict the finding of Yildirim (2014) that only highly educated women in urban areas 
experience an added worker effect. One of the goals of this paper is to determine which result is more 
likely.  

Between 2004 and 2012 the Turkish government enacted a number of policies that affected the cost of 
female employment to employers.  As of 2004, the Work Conditions of Pregnant or Nursing Women and 
Nursery Rooms and Child Care Centers Regulation increased the cost of hiring female employees by 
requiring employers with 100-150 female workers to provide a nursery in the workplace (Dönmez & 
Özmen, 2013). Employers with over 150 female workers had to provide a childcare center. Most 
workplaces in Turkey are small and medium sized, however, so few employers had to comply with the 
rule. Since 2008, employers are allowed to hire private nurseries instead of establishing their own centers. 

In 2008, the Turkish government enacted a policy to encourage female and youth employment and 
decrease informal labor by subsidizing employer social security contributions for female and youth hires 
between May 2008 and May 2010. The subsidies were offered for individuals hired in addition to the 
firm’s normal employment level and who were not employed as tax-registered workers in the six months 
prior to being hired.  Balkan, Baş kaya and Tümen (2014) found that the May 2008 policy subsidizing 
female and young male hires did not have an overall statistically significant effect on women’s 

employment. In their sub-group analysis, they found that the subsidies increased the employment 
probabilities of older women with low education levels and had a weaker positive effect for younger 
women. They had no effect for young men. The authors predict that the observed effects of the program 
would be strong initially, but taper off over time because the beneficiaries of the program are primarily 
older women and the hiring decisions were likely based on favorable cost conditions rather than job 
suitability. Since the data in this paper cover the 2008 policy’s hiring period, I expect that my models will 

predict higher participation probabilities for older women in blue collar employment from 2008 onward.  

3. Theoretical Framework
The theoretical framework for this paper borrows primarily from the life cycle model of labor supply, the 
household production model (Becker, 1965), and the under-participation trap hypothesis (Booth and 
Coles, 2007).  The key takeaway of the life cycle model is the intertemporal substitution hypothesis: when 
wage rates change, individuals substitute between work and leisure so they work more when leisure is 
expensive and less when leisure is cheap. Two important ideas that follow from this hypothesis are the 
added and discouraged worker effects. The added worker effect predicts that secondary income earners
(traditionally married women and daughters) enter the labor force when primary income earners
(traditionally husbands and fathers) become temporarily unemployed or experience a wage cut. The 
strength of the added worker effect depends on the relative size of the loss in household income. The 
discouraged worker effect predicts that workers drop out of the labor force during recessions, and enter 
the labor force when conditions improve. Its relative size may be affected by unemployment benefits.

A major weakness of the life cycle model is its assumption of substitution between work and leisure; in 
reality people also participate in home production. Becker’s household production model offers the 
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critical insight that an increase in the market wage unleashes an income effect and substitution effects 
between each leisure and household production. If the income effect and the leisure-substitution effect 
offset each other, wage changes may have no effect on leisure and yet induce a huge switch from 
housework to market work (or market work to housework) to the point that a woman drops out of (or 
enters) the labor force altogether.  

Whereas the life cycle model predicts that women from wealthy families should be less likely to work, the 
household production model says that a wealthy women’s behavior depends on her preferences. This 

uncertainty aside, the life cycle and household production models support the following predictions about 
Turkish labor force participation: 
 Young and old women should be least likely to work; middle aged women should be the most likely.
 Women with the highest wage-earning potential (i.e. women with high education levels) should be

more likely to participate in the labor force.
 Cross-sectional Turkish married female labor force participation behavior should follow an

approximate M-shape, with a dip around the most common childbearing years.
 Labor force participation of women who do not invest in the labor force when they are young should

not follow the life cycle model, because job experience and skills do not increase with age.
 Labor force participation in occupations that require unskilled labor and offer fewer opportunities for

wage growth (e.g. agricultural and blue collar jobs) should exhibit weaker life cycle effects than
skilled occupations (e.g. white collar jobs).

The other relevant theory for this paper is the under-participation trap hypothesis (Booth and Coles, 
2007), which asserts that increasing returns to education and an imperfectly competitive labor market 
jointly cause poorly educated women to substitute to home production. In Turkey, Taymaz (2009) argues 
that women in urban areas are most likely to work in informal sector jobs, which pay low wages relative 
to the cost of childcare and housekeeping services. Faced with high opportunity costs of market work, 
many poorly educated urban women stay at home where their time is more valuable. Having experienced 
low returns to education firsthand, these women under-invest in their daughters’ education, perpetuating 

the cycle for their daughters. 

4. Data
Data for this study come from the 2004-2012 Household Labour Force Survey (HLFS) conducted
annually by the Turkish Statistical Institute (TurkStat), the Turkish government agency responsible for
producing official statistics on Turkey, its population, economy, resources, society, and culture.  The
sample includes data for 330,429 single and 972,129 married Turkish women ages 15-64.  Single women
include never married women living with one or both parents, who will henceforth be referred to as
“single” women. I describe “married” women as those who are recorded as living with their spouses.

The Turkish HLFS classifies currently and previously employed people according to their economic 
activity, occupation, employment status and educational level.  Based on the ISCO-88 classifications, I 
divide occupations into four groups: (1) agriculture, (2) blue collar, (3) lower white collar, and (4) upper 
white collar.  Agricultural occupations include skilled and subsistence agriculture and fishery. Blue collar 
occupations include both skilled and unskilled manual labor or service work. White collar jobs are 
typically performed in an office or other administrative setting; in particular, professionals, managers, and 
senior officials are upper white collar.  

5. Bivariate Cross Tabulations
Since most of the explanatory variables are categorical and the dependent variables are binary, bivariate
cross-tabulations and other descriptive analyses are useful to determine the relationships between
variables. Table 5.1 shows that both single and married LFP rates are highest for women ages 25-44.
Single women participate at higher rates in the labor force, blue collar, and both types of white collar jobs
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than married women, except for married women above 55 who participate in the labor force and white 
collar jobs more than single women 
above 55. Married women participate in 
agriculture in higher proportions than 
do single women across all age groups. 
Participation in agriculture increases 
with age among married women, yet is 
relatively stable among single women. 
A larger proportion of older women 
may live in rural areas and participate in 
agriculture compared to younger 
women, whose families migrated to 
rural areas as a result of increasing 
urbanization since the 1980s.  

Whether single or married, women with 
a higher education degree participate in 
the labor force at the highest rates 
(79.38 percent for single women and 
64.21 percent for married), followed by 
women who have completed some form 
of vocational high school (52.61 
percent for single women and 28.25 
percent for married). The relationship 
between education and labor force 
participation for women with less than a 
vocational high school education is 
unclear. Single women with a primary 
school education participate about 15 
percent more than single high school 
graduates, yet married women with a 
primary school education participate at 
the same rate as married high school 
graduates.  

As education increases, participation in 
agriculture decreases and participation 
in upper white collar jobs increases for 
both single and married women. No 
obvious relationship exists between 
blue collar jobs and education, perhaps 
because some blue collars jobs are 
skilled. A higher proportion of married 
women with higher education degrees 
participate in white same education 
level (49.64 percent of married women 
compared to 33.91 percent of single 
women). Perhaps married women are 
more qualified for upper white collar 
jobs because they are older than single 
women on average and thus have more 
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job experience. Alternatively, married women may have a higher demand for upper white collar jobs 
because they provide stability through steady income, fixed work hours, social security benefits, and 
childcare services. 

About 30 percent of single women participate in the labor force in both rural and urban areas, yet the 
proportion of married women participating in the labor force in rural areas is more than twice the 
proportion of those in urban areas (40.75 percent compared to 18.25 percent). For both single and married 
women, women in urban areas account for higher participation rates in all occupations except agriculture. 
Over half of employed married women work in agriculture, so the fact that rural married female LFP is 
higher is unsurprising.  

Despite being younger, single women are more educated than married women. In fact, 78.4 percent of 
married women have less than a secondary school education, compared to 67.7 percent of single women 
who have a secondary school education or higher. Since single women are younger, they are more likely 
to have been affected by the Compulsory School Law in 1997, which made completing secondary school 
mandatory for all Turkish nationals. Hence, the difference in educational attainment between single and 
married women is related to birth cohort, not marital status. 

6. Empirical Specification
Although bivariate cross tabulations are useful for finding general trends in the data, multivariate
regressions are needed to estimate the effect of changing one variable while others remain constant.
Linear probability models are appropriate to this task because they estimate “risk” differences, which

have an easier interpretation for interaction effects than odds ratios and marginal effects. In the following
model, the “risk” difference being estimated is the probability that a woman participates in the labor force
or a given occupation based on a number of personal and household characteristics.

In total there are five regressions for five dependent variables – labor force participation, agricultural, 
blue collar, lower white collar, and upper white collar employment. Each dependent variable is a binary 
variable equal to one if a woman participates in the labor force or in the given occupation. Data for single 
and married women are pooled, making it possible to test for differences in the impact of explanatory 
variables across the two groups. Married is an indicator variable equal to one if a woman is married; it 
interacts with all other explanatory variables except for number of children, because only a small number 
of single women have children (N = 588, or less than 0.01 percent of the sample).  

Similarly, single is an indicator 
variable equal to one if a woman is 
single that is used to set parent 
variables to zero for married women. 
Spouse variables for single women are 
also set to zero. The reason for this 
construction is that every single 
woman in the sample lives with at 
least one parent, but not all married 
women live with parents. The dataset 
contains only information on parents 
who live in the reference woman’s 

household, so one cannot distinguish 
the effects of living with no parents by 
choice or necessity.  

As is standard for multivariate regression, a reference category is selected for each categorical variable so 
that the relative change in probability of participation or employment with a change in education or 
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household composition can be estimated. {𝛽0 ... 𝛽23} are the coefficient vectors for the explanatory 
variables to be estimated. 

Household size is a vector of three variables: one for each the number of employed, unemployed, and 
non-participating household members. The household size variables are calculated to avoid double 
counting parents, spouses and reference women. Parents are considered as household employed, 

unemployed or dependents for married women because their parent variables are set to zero. Household 

dependents includes household members ages 15 and over and those under 15 who are not children of the 
reference woman. A woman’s children are accounted for by kids0-5 and kids6-14.   

7. Results
Because of the large number of explanatory variables, the discussion is limited to age and education. 
Unless otherwise noted, results that are referred to as “significant” are statistically significant at the 0.001 
level.  Standard errors are calculated using clustering based on the 26 statistical regions of Turkey.  

Figure 7.1. Predicted Participation Rates by Age and Marital Status 
(a) Labor Force Participation

(b) Agriculture (c) Blue Collar

(d) Lower White Collar (e) Upper White Collar
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7.1 Age 
Significantly positive coefficients for age and negative for age2 suggest that the relationship between 
economic participation and age follows an inverted U-shape (see Figure 7.1). As the life cycle model of 
labor supply predicts, participation is lowest among women young and old and highest during middle age. 
In agricultural and blue collar jobs the age2 coefficients are statistically significant for women, but they 
have magnitudes close to zero. Evidently, these occupations do not follow the life cycle model.  

Age appears to strongly predict single and married female participation in all but blue collar jobs, which 
have low overall female participation rates. As expected, married women are less likely to participate in 
all but agricultural jobs compared to single women, and the effect of age on their economic participation 
is less pronounced. The life cycle effect is most pronounced strongest for lower white collar jobs, which 
require skills and experiences that are likely to increase with age.  

Counter to expectations, married women’s participation in agriculture increases with age. For one thing, 

there is a cohort effect. Older women are more likely to work in agriculture because they were raised in 
farming families at a time when labor force participation was higher in rural areas. Also, older women 
seeking employment may not have the technological skills or connections necessary for either blue collar 
or white collar jobs. Alternatively, older women may prefer working in agriculture because they can 
easily change tasks and hours as they age. Women in formal jobs outside of agriculture may not have the 
same flexibility to adapt tasks to their needs, which explains why labor force participation declines after 
50.  

For another, older married women may participate more in agriculture because of how participation is 
defined. In families that practice subsistence farming, younger married women may take care of children 
and perform physically demanding household tasks like cleaning, while older women perform farming 
tasks such as feeding the chickens. Because the first group of actions are considered outside of the labor 
force and the second are not, older women are counted as part of the labor force. The same trend is not 
seen for single women, but there are very few older single women in the sample (only 5 percent are 35 or 
older), so predictions for older single women are not robust.  

7.2  Education 
Except for married women in urban areas, participation peaks at primary school among women with high 
school education or less (Figure 7.2a). This is a surprising finding that may be explained by the theory 
that women who stop their education after primary school do so in order to join the labor force. Such 
women would include both single and married women whose families work in subsistence agriculture in 
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rural areas, and single women from poor families in urban areas who generate extra income for their 
families by working in blue collar jobs. 

Although plotted using the predictions of separate regressions, Figures 7.2b and c support this theory. 
Women with primary school education in rural areas are the most likely to work in agriculture among 
those with formal schooling, and single primary school graduates in urban areas have the highest 
likelihood of participation in blue collar jobs overall. 

The only group in Figure 7.2a whose participation rates increase with each educational step as expected is 
married women in urban areas, who also have the lowest predicted participation rates overall. All but 
those with a higher education have extremely low predicted participation rates This provides some 
evidence of an under-participation trap for married women. They do not have the same opportunities as 
poorly educated single women to participate in blue collar jobs, because the wages are low relative to the 
cost of childcare and other domestic services. Single women, who have no children and who may perform 
fewer household tasks, are able to take these jobs. Another possible explanation is that stigma toward 
manufacturing jobs may prevent married women from participating in blue collar jobs.   

Also counter to expectations, married women with a higher education have the highest probability of 
participation in upper white collar jobs, regardless of rural or urban location (Figure 7.2e). As 
hypothesized during the cross tabulations, married women with higher education degrees may be more 
attracted to white collar jobs because they offer stability and possibly childcare benefits.  

Figure 7.2a Predicted labor force participation by education level 
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(b) Agriculture (c) Blue Collar

(d) Lower White Collar (e) Upper White Collar

Employers may favor hiring married women with higher education degrees over single women because 
they are less likely to switch jobs. Alternatively, married women could have greater access to these jobs 
through their husbands. The actual white collar participation rates of single women with higher education 
degrees is probably higher, because the sample excludes single women living with no parents—a group 
relatively likely to have a higher education and work in upper white collar jobs. 

Overall the results in Table 7.2 support the existence of an under-participation trap in urban areas. Across 
all education levels, single and married women participate less in urban areas than their rural counterparts 
(Figure 7.2a). Highly educated women are an exception; their predicted participation probabilities are not 
significantly different between rural and urban areas. Figure 7.2 suggests that urban married women need 
a higher education degree to have the same probability of participation as rural women, and single urban 
women need at least a high school degree have the same participation probability as rural women. Upper 
white collar professions almost exclusively require a higher education degree; agriculture requires less 
than a secondary school education; blue collar jobs employ single women who are literate or have a 
primary school education. 

7.3 Attending School 
Attending school decreases the likelihood of economic participation; however, the negative effect 
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diminishes with age. Thus, older women are more likely to attend school to improve their labor market 
outcomes. The size of the effect is the same for single and married women, so the differences in 
participation rates between single and married women attending school identified in Section V can be 
explained by the fact that married women tend to be older. To see how this is possible, Table 7.4 shows 
the labor force participation regression predictions for single and married women of mean age. Although 
attending school decreases a single woman’s predicted participation probability by over 60 percent, it 
increases the probability of a married woman by 9 percent in rural areas and an astounding 130 percent in 
urban areas. 

The one exception to this trend is for single women in upper white collar jobs, whose participation 
probability is not affected by their school attendance. I suspect that single women employed in upper 
white collar jobs who attend school study for a second university degree, which have more flexible 
coursework. Alternatively, single women, having fewer household duties than married women, have more 
time to pursue employment during university; by comparison, married women who attend school only 
have time for education and their regular household duties. 

7.4 Urban 
Even after accounting for urban-education and urban-children interaction effects, living in an urban area 
has a significant negative effect on both single and married participation at the 0.001 level. 
Unsurprisingly, living in an urban area decreases the probability of working in an agricultural job and 
increases the probability of lower white collar work for single women. Unexpectedly, living in a city has 
a negative effect on blue collar and upper white collar work for married women, despite the greater 
availability of these jobs in urban areas. While there is no explanation for these coefficients, their 
magnitude is very small (less than one percentage point), so it is unlikely that they have great economic 
significance.  

8. Conclusion
In addition to confirming many findings from the literature, the results in this study suggest some
unexpected patterns about Turkish female labor force participation.  The first remarkable finding is that
highly educated married women are more likely to participate in upper white collar professions than
single women with the same education level. Living in an urban area increases single women’s upper

white collar employment, but it has no significant effect for married women. My explanation for this
trend is that married women may have access to better jobs through their husbands, but they also have
stronger preferences for jobs that offer regular work hours, childcare services, and fair compensation for
their time. Most likely this trend is an artifact of empirical design, because I exclude single women living
with no parents, who have higher upper white collar participation rates than the single women in my
sample.

The second finding is that although participation increases with each educational step, I find significant 
evidence that women with a primary school education participate at unusually high rates. I hypothesize 
that these women likely stopped their education to work in agricultural jobs in rural areas and blue collar 
jobs in urban areas. The effect is only observed among single women in urban areas because married 
women do not seem to have access to blue collar jobs, perhaps because their families do not want them 
performing stigmatized manual labor or the opportunity cost of their time in the household is too high 
relative to market wages.  

Blue collar employment seems to be the most difficult occupation to predict, and also the occupation that 
Turkish women enter out of necessity. Less than 4 percent of women in my sample work in blue collar 
jobs. Both the cross-tabulations and regression results show that single women with a primary school 
education in urban areas are the most likely to participate in blue collar work. 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

83

PAGES 73-86



I remarked in the literature review that the previous work is inconclusive about added and discouraged 
worker effects; my mixed results seem to demonstrate why. With confidence I claim that added worker 
effects are larger for single women. I hypothesize that the typical response to reductions in income among 
poor, urban families is blue collar employment for single women. This hypothesis is supported across my 
results for education and household and parent employment effects. 

There are important policy implications of this work for Turkey, which has national goals of achieving 
economic growth by 2023. The results of this study suggest that increasing the pathway to higher 
education and subsidizing childcare may reverse the under-participation trap’s depressing effect on 

female labor force participation. Future research should seek to build a more statistically robust model of 
labor force participation that accounts for endogeneity in the explanatory variables, and education in 
particular. Multinomial logistic or mixed linear effect models may do the trick. It would also be 
worthwhile to repeat this analysis using a longitudinal data set, which would allow the effect of marriage, 
childbirth, and increases in education to be estimated using differences in differences estimators.  
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Football and Domestic Abuse in Greater
Manchester1

Lukas Bolte
The London School of Economics and Political Science

Abstract

This paper examines the effect of football2 on domestic abuse in Greater Manch-ester. I hypothesise
a Loss-of-Control Model that considers the effect of emotional cues caused by football games on the
likelihood of domestic abuse via gain-loss utility.Games of Manchester United and Manchester City are
considered separately. If Manchester United had an early match, with a kick-off time before 4pm, and
Manchester City did not have a game that day, I find that amongst the games Manchester United won, a
1% increase in the pre-game probability of a win increases domestic abuse by 1.58%from midnight to 4am
the following day. Similarly, amongst the games Manchester United lost, an increase in the probability of
a loss by 1% decreases domestic abuse from midnight to 4am by 3.03%. That is, for Manchester United,
it holds for a certain subset of games that, the more unexpected a win is, the lower the level of domestic
abuse, and the more unexpected a loss is the higher the level of domestic abuse. As predicted by an
asymmetric gain-loss-utility function, the effect of an unexpected loss is larger in size than the effect of
an unexpected win. I give reasons for why the parameters on the independent variables associated with
Manchester City do not show a clear pattern.

1I am grateful to the Greater Manchester Police for allowing me access to their data, Tom Kirchmaier, Ria Ivandic, Aleksandra
Katolik, Stephen Machin and Judith Shapiro for valuable advice and Matthew Levy and the EC331 students for helpful comments and
feedback.

2To avoid confusion, here, football refers to association football as opposed to American football.
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1 Introduction
In this paper, I study the effect of football on domestic abuse in Greater Manchester. From 1st April 2008
to 30th September 2015, around 68,800 cases of domestic abuse were reported to the Greater Manchester
Police3 (henceforth GMP) annually. While domestic abuse in itself is already directly harmful, it is further-
more often associated4 with the need for health care and housing services, or the absence from work and
school,all of which are costly consequences. Walby (2004) estimates that the costs associated with domestic
abuse for one year in England and Wales total to around 23 billion. The costs can be divided into costs of
services provided (3.1 billion), loss of economic output (2.7 billion) and human and emotional costs (17
billion). This motivates the study of domestic abuse to inform policy makers to ultimately reduce these costs
and improve social and economic welfare.

Even though recent economic literature on domestic abuse is somewhat limited, the topic has been of
interest to economists for quite some time. Mill (1869)5 advocates economic emancipation and the advance-
ment of education for women and notes that dependence as a result of societal and legal structures can lead
to domestic abuse. Tauchen et al.(1991) develop a non-cooperative model of the family that considers vio-
lence as a possible source of direct gratification as well as an instrument to control the partner’s behavior.
They predict, and test empirically, the relationship between income levels and domestic abuse. Utilising this
idea, Aizer (2010) estimates the effect of a shrinking male-female wage gap on, amongst others, domestic
abuse. Researchers have also noted the cyclical nature of domestic abuse (Walker, 1979). He finds that
some abuse relationships follow a common pattern including four phases:“Honeymoon Phase”’: the apolo-
getic phase which promises improvement, “Tension Building Phase”: tension rises, communication breaks
down and first instances of abuse begin, “Crisis Phase”’: abuse, physical, sexual or emotional, takes place.
Sturbe (1988) suggests psychological entrapment, learned helplessness, cost/ benefit analysis and reasoned
actioned as theoretical issues associated with leaving an abusive relationship. Another explanation of the
cyclical nature of domestic abuse are time-inconsistent preferences. (Aizer and Bo Dal, 2009) develop a
model of time-inconsistent preferences and find empirically that no-drop policies6 serve as a commitment
device for the victim and increase reporting levels. Iyengar (2007) tests empirically whether certainty of ar-
rest or a recommended arrest policy can help reduce intimate partner homicides and finds a perverse effect.
Farmer and Tiefenthaler (1996) develop a signalling model of leaving a violent relationship, while Pollak
(2002) considers inter-generational transmission mechanisms of domestic abuse.

To contribute to the existing understanding of domestic abuse, I develop a Loss-of-Control Model similar
to the model suggested by Card and Dahl (2011). Emotional cues may affect consumption choices (Laibson,
2001) or motivate the individual to engage unspecific behaviour (Loewenstein, 2000). Utility functions
become state-dependent. Based on this observation, I hypothesise that emotional cues resulting from football
games affect domestic abuse levels. Instead of developing a framework that considers varying levels of utility
gained from domestic abuse depending on the different states, here the visceral factor resulting from football,
I directly incorporate the emotional cue in the utility function and thus into the model determining domestic
abuse levels. Prospect Theory (Kahnemannand Tversky, 1979) proposes that value is assigned to gains and
losses rather than final assets. Interpreting Prospect Theory in the context of football, I assert that utility
derived from watching a football game does not only depend on the outcome of the game, but also on the

3The Greater Manchester Police is responsible for law enforcement in the metropolitan county of Greater Manchester with a popu-
lation of 2.7 million in 2014 (Office for National Statistics)

4The National Center for Injury Prevention and Control, a U.S. government agency, conducted the National Intimate Partner and
Sexual Violence Survey amongst other highlighting characteristics of domestic abuse.

5It is noteworthy that while the essay is officially authored by John Stuart Mill, Harriet Taylor Mill, his wife, possibly contributed
as well.

6A no-drop policies mandates that prosecutors may not drop the case merely on the victim’s request.
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outcome of the game relative to a reference point formed prior to the game. The change in utility associated
with football games directly affects domestic abuse levels through a Loss-of-Control Model. Based on
experimental (Abeler, Gotte and Huffman, 2009) and empirical findings (Crawford and Meng, 2009), I
assume the reference point to be formed by expectations. Accounting for the over round7, betting odds
may provide a good approximation of pre-game expectations of the outcome of a football game (Wolfersand
Zitzewitz, 2006)

I test the developed model using over seven years of data on domestic abuse incidents reported to the
GMP and football data including betting odds of games played by Manchester United and Manchester City
in the Premier League.

The richness of my data sources enables me to raise, justify and critically address the following three
considerations.

1.1 Opportunity bias
. On the one hand, the transitory nature of emotional shocks may suggest that the change in domestic abuse
is concentrated in the time period directly following the game. On the other hand, a proportion of football
fans watches the games in pubs or in the football stadium, and thus, is unable to commit domestic abuse.
This question of opportunity needs to be taken into account when assessing the effect of the outcome of
football games and the pre-game expectations on domestic abuse.

My response is to consider fixed time periods centred around midnight and also report the results from
relative time periods. However, the strict institutional framework of pub closing hours suggests that the effect
of football games together with the pre-game expectations on the level of domestic abuse might be found in
fixed rather than relative time periods. The fixed closing hours of pubs have two effects. First, the fans do
not have the opportunity of abusing their wives8 directly after the games due to the geographical distance
between them. Second, assuming some persistence over time of the emotional cues, an effect of football on
domestic violence is expected when the football fans typically go home. Here, alcohol potentially also plays
an important role in understanding the difference between the fixedand relative time periods considered.
Exum (2002) has shown in an experiment that alcohol increases aggression and anger levels. Hence, the
effects during the second fixed time period, from midnight to 4am and thus after pub closing hour, might be
relatively larger than for the first fixed time period, from 8pm to midnight,and also the relative time periods.
Note, that all specifications discussed above allow me to include all games.

1.2 Variety of teams
. Greater Manchester accommodates seven football clubs9 that play in fully professional football leagues.
For reasons discussed later, I restrict my attention to two clubs only, namely Manchester United and Manch-
ester City. It is a well known feature of sports, that if a supporter sympathises with Club A, they dislike
Club B, where the aforementioned clubs are geographically close to each other. Hence, a loss of a disliked

7An example illustrates the accounting of bookmaking and thus the overround possibly best. Consider the following odds: Win
1.66, Draw 2.5 and Loss 5.0. Assuming that each bet is fair, that is the expected payoff is 0, we must have that P (Win)∗1.66−1 = 0,
P (Draw)∗2.5−1 = 0 and P (Loss)∗5.0−1 = 0, which implies that P (WIN) = 60%, P (Draw) = 40% and P (Loss) = 20%.
Note that P (Win) +P (Draw) +P (Loss) = 60%+40%+20% = 120%. The amount by which the bookmaker’s book exceeds
100% is considered the over round.

8I occasionally adopt a heteronormative perspective, due to linguistic simplicity and statistical dominance. By no means does this
imply that this is the only form of domestic abuse.

9Namely Bolton Wanderers F.C., Bury F.C., Manchester City F.C.,Manchester United F.C., OldhamAthletic A.F.C., Rochdale A.F.C.
and Wigan Athletic F.C.
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club that occurred rather unexpectedly might pose a positive emotional cue. To address this complexity,
I consider the relative sizes of the clubs located in Greater Manchester and their local support base when
specifying the regression equation and later interpreting the results.

1.3 Discrete probabilities of winning
. Consider a simple classification of games into four categories: unexpected losses, expected wins, unex-
pected wins and expected losses. As this example is purely to illustrate a problem, include draws in losses for
simplicity. Note that for example unexpected losses and expected wins have the same pre-game expectation,
here a win. Card and Dahl (2011) determine this expectation by creating intervals for the observed pre-game
point spread (similar to betting odds). However, note that the probabilities of a win of games that are clas-
sified as unexpected losses and of games that are classified as expected wins are differently distributed. But
the probability of a win might, independent of the outcome, affect domestic abuse. Say, the probability of a
win is low indicating a big match. The likelihood of watching the match (in a pub) could be affected. Hence,
domestic abuse might be affected, both directly after the game as well as during the fixed period at night. I
propose a different approach using the continuous pre-game probability of a win interacted with a dummy
variable indicating a win, the pre-game probability of a win interacted with a dummy variable indicating a
draw, the pre-game probability of a loss interacted with a dummy variable indicating a loss, as well as the
three dummy variables individually. This allows me to understand how the effect of a particular outcome
changes depending on the pre-game expectations. Certainly, log-linearity, as will be imposed by the Poisson
distribution specified later, of the effect of the probabilities is a strong assumption. However, it enables me
to fully utilise the pre-game expectations and does not force me to assume that for example the pre-game
probability of a win on its own does not affect domestic abuse.

Accounting for time of the day, day of the week, their interaction, and month, I find that for a certain
subset of games10, amongst those games that Manchester United won, a 1% increase in the pre-game prob-
ability of a win of Manchester United increases11 domestic abuse from midnight to 4am by 1.6%. That is,
the more unexpected a win is, i.e. the lower the probability of a win, the lower the level domestic abuse.
Similarly, for the same subset of games, amongst those games that Manchester United lost, a 1% increase in
the pre-game probability of a loss of Manchester United decreases12 domestic abuse from midnight to 4am
by 3.0%. That is, the more unexpected a loss is, i.e. the lower the probability of a loss, the higher the level
of domestic abuse.

For Manchester City, only the effect of the pre-game probability of a win given that the outcome of the
game is a win is significant. For a a certain subset13, a 1% increase in the pre-game probability of a win
of Manchester City decreases14 domestic abuse from midnight to 4am by 0.5% given that Manchester City
won this particular game. That is, the more unexpected a win is, i.e. the lower the probability of a win, the
higher the level domestic abuse. This might be explained by the adverse emotional cue experienced by, say
a supporter of Manchester United if the other local team achieves a (surprisingly) positive result.

10Those were Manchester United played before 4pm and Manchester City did not play at all that day.
11At the 5% significance level.
12Again, at the 5% significance level.
13Now, consider the games were Manchester City played before 4pm and Manchester United did not play at all that day.
14At the 5% significance level.

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

90

PAGES 87-95



2 Empirical Results
The constructed sample sums up domestic abuse incidents for a fixed period of time. Assuming that, after
conditioning on the independent variables, the incidents occur independently, and given the discrete nature of
these incidents, i.e. domestic abuse occurred or not, I specify a Poisson regression model for the distribution
of the number of incidents. I justify the use of Poisson distribution by noting

• the number of domestic abuse incidents is a non-negative integer;

• a domestic abuse incident does not affect the probability of a different domestic abuse incident hap-
pening, after controlling for time co-variates and football;

• again, after controlling for co-variates, the probability of a domestic abuse incident taking place is
constant;

• two domestic abuse incidents cannot take place at the same time; this holds, by approximating the
time at which GMP receives the emergency call as the time of the domestic abuse incident. Thus, a
continuous modelling of time and a constant probability of a domestic abuse incident within a time
period implies that the probability of domestic abuse incident at a given point in time to be zero;

• the probability of a domestic abuse incident is proportional to the length of that interval; this again,
after controlling for co-variates, seems reasonable. If all of the above assumptions are justified, the
number of domestic abuse incidents in a given time period is distributed as a Poisson Distribution (S.
Poisson 1838). To be precise, by assuming the above conditions, I assume that,

E[DAt|outcomet, p, zt] = eθzt+µ(outcome|pre−game expectation)

where t = 1; ...; 6573515 indicates the one-hour time period, that is the number of domestic abuse
incidents at time t,ztis a parameter of time controls accounting for month, day of the week, and in some
specifications hour of the day, with their parameter θ, and µ, as before,

µ(outcome|pre− game expectation) = 1winα1 + 1winα2 × pwin
+ 1drawβ1 + 1drawβ2 × pdraw
+ 1lossγ1 + 1lossγ2 × ploss

This gives the following linear regression model

log(DAt) = ztθ + 1winα1 + 1winα2 × pwin
+ 1drawβ1 + 1drawβ2 × pdraw
+ 1lossγ1 + 1lossγ2 × ploss + errort

Consider Figure 1 below. It depicts the change in domestic abuse on a Sunday (from 7am Sunday until
6.59am Monday). A particular day of the week is chosen, as the relation of time of the day and level of
domestic abuse controls for day of the week. This also means,that the scale on the vertical axis is, with the

15That is the number of hours in my sample.
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exception of the differences, meaningless. The figure considers the changes in domestic abuse levels by three
different types of days. There are days where no match took place. These refer to the days where neither
Manchester United nor Manchester City had a game in the English Premier League. The second group are
days with late match. Here, the days considered have the characteristic that at least one of Manchester United
or Manchester City played a game with a kick-off time from 4pm onward. Similarly, the third group of days,
days with early match, considers days where at least one of Manchester United or Manchester City played
a game with a kick-off time (strictly) before 4pm. Note, that this is not a partition of all Sundays. While
all Sundays fall in one of the groups, some Sundays, exactly those where one of Manchester United and
Manchester City played early and the other played late, fall in more than one of the groups. This, however,
shall not be of great concern as Figure 1 shall merely guide the focus to the correct specification of the
regression equation. Looking at the figure itself, note that the level of domestic abuse is only significantly
affected after midnight until around 4am.Furthermore, note that the effect is significantly stronger for early
matches. This, shall motivate the precise specification of the regression equation.

Figure 1: Late vs Early vs None on a Sunday

The next step is to reduce the error term by introducing further explanatory variables. That is, I consider
the pre-game expectations, approximated by the pre-game probabilities which are, in turn, derived from
the betting odds, together with the respective outcome of the game. The previous results, the graphical
indication that football games might be more relevant to domestic abuse levels somewhat late at night and
the regression to support this claim, lead to the following specification.

Consider two fixed periods: from 8pm to midnight and from midnight to 4am. I run the regressions for
each of these fixed time periods separately. The precise regression equation is now
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log(DAt) = ztθ + δ1,uwint,u + α1,uwint,u × pwin,t,u
+ δ2,udrawt,u + α2,udrawt,u × pwin,t,u
+ δ3,ulosst,u + α3,ulosst,u × ploss,t,u
+ δ1,cwint,c + α1,cwint,u × pwin,t,c
+ δ2,cdrawt,c + α2,cdrawt,u × pwin,t,c
+ δ3,closst,c + α3,closst,u × ploss,t,c + errort

here, t = 1, ..., 2425ort = 1, ..., 225416 and captures a full 4-hour interval, depending on the specifica-
tion, from 8pm to midnight or from midnight to 4am. The independent variables are specified as before. I
exclude days during which Manchester United and Manchester City played as the interaction might create
additional noise and hide the individual effects.

The output of the regression is given in Table 1 below.
The parameters are reported in terms of incidence rate ratios. As an example, consider the parameters

given in (3). Suppose Manchester United won in an early match. That decreases the number of domestic
abuse incidents from midnight to 4am by 63.5%. However, this cannot be seen isolated as the effect of a win
should be analysed together with the pre-game probability of a win, since a win is always associated with
some pre-game probability of a win. Here, a 1% increase in the pre-game probability of a win corresponds
to a 1.58% 17 increase in domestic abuse from midnight until 4am. Say, the pre-game probability of a win
was 50%. Then, the change in domestic abuse is +38.9% 18.

3 Discussion
My analysis shows that for a certain subset of games, those, where Manchester United played before 4pm
and Manchester City did not play at all, the pre-game probabilities have the following effects: i) amongst all
games that Manchester United won, a 1% increase in the pre-game probability of a win increases domestic
abuse by 1.58%, ii) amongst all games that Manchester United lost, a 1% increase in the pre-game probability
of a loss decreases domestic abuse by 3.03%, and iii) amongst all games that Manchester United drew, a 1%
increase in the pre-game probability of a win decreases domestic abuse by 1.73%, all with respect to the 4h
period from midnight to 4am the day following the game.

These parameters have to be used together with their respective dummy variables, as they are all con-
ditioned on a particular outcome happening. However, for somewhat reasonable pre-game probabilities,
those, where the log-linearity assumption seems reasonable, I find the aforementioned relationships between
pre-game probabilities and domestic abuse. These pre-game probabilities, derived from betting odds, shall
approximate the pre-game expectations regarding the outcome of the game of a supporter. Supposing that
this relationship holds, at least to some extent, I find that i) the more unexpected a win, the lower domes-
tic abuse, ii) the more unexpected a loss, the higher domestic abuse, and iii) the more unexpected a draw
with respect to high expectations for a win, i.e. a draw is a disappointing result, the lower domestic abuse.
Observation i) and ii) are explained by the effect of the outcome of the game on the gain-loss-utility. Here,

16The number of days in my sample during which not both Manchester United and Manchester City played and excluding days with
late and early games respectively

17Since 4.781
1

100 − 1 = 0.01577.
18Since 0.635 ∗ 1.0157750 − 1 = 0.388459.
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Table 1: Regression Output: Fixed time periods
(1) (2) (3) (4)
8pm-midnight midnight-4am

VARIABLES Early Late Early Late
Domestic Abuse
CV *** *** *** ***
P(win) if win (United) 1.408 0.896 4.781** 1.587

(0.449) (0.187) (3.079) (0.523)
P(win) if draw (United) 0.955 0.939 0.174*** 1.214

(1.211) (0.325) (0.111) (0.645)
P(loss) if loss (United) 3.450*** 1.641 0.0463** 0.665

(1.548) (0.833) (0.0632) (0.518)
win (United) 0.873 1.111 0.365** 0.771

(0.188) (0.150) (0.164) (0.169)
draw (United) 1.159 0.941 3.325*** 0.749

(0.889) (0.189) (1.421) (0.205)
loss (United) 0.904 0.741 2.170** 1.041

(0.120) (0.153) (0.729) (0.239)
P(win) if win (City) 1.019 1.006 0.625** 0.439*

(0.299) (0.297) (0.131) (0.217)
P(win) if draw (City) 0.638 0.889 0.627 0.782

(0.184) (0.215) (0.425) (0.402)
P(loss) if loss (City) 2.175 0.873 0.598 1.023

(1.070) (0.344) (0.273) (1.319)
win (City) 0.977 0.978 1.234* 1.757*

(0.173) (0.190) (0.149) (0.588)
draw (City) 1.408* 1.074 1.326 1.158

(0.270) (0.176) (0.635) (0.293)
loss (City) 0.858 0.986 1.433 0.988

(0.153) (0.127) (0.342) (0.265)
Constant 13.36*** 13.61*** 7.641*** 7.598***

(0.391) (0.375) (0.543) (0.515)

Observations 2,425 2,254 2,425 2,254
Robust seeform in parantheses

*** p<0.001, ** p<0.05, * p<0.1
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the supporter observes the outcome relative to their expectation of the outcome and hence receives a utility
shock. There are two contributions to existing literature attempted in this paper.

Firstly, the significance of the pre-game expectations add to the theory of reference dependent prefer-
ences first discussed by Kahneman and Tversky (1979). The findings also show that this reference point may
be formed using rational expectations.

Secondly, this paper gives an example of how emotional cues affect violent behaviour, here, domestic
abuse. Rather than by non-cooperative models discussing bargaining positions, dependencies and time-
inconsistent preferences, the level of domestic abuse is determined by external emotional cues. My theoretic
framework is based on the idea that these emotional cues affect the ability to control oneself. A different
interpretation might be to see the change in domestic abuse as a coping mechanism of emotional cues rather
than inevitable result. In any case, the imminent emotional state of the perpetrator causes domestic abuse.

The paper does not find a significant effects of the pre-game probabilities of a particular outcome on the
level of domestic abuse immediately after the game.

When possible, I stated and critically assessed all assumptions made, such as the level over dispersion,
the functional form of the distribution and the functional form of the effect of the pre-game probabilities,
made. The paper does not fully address the mechanism with which football affects domestic abuse.

I proposed alcohol and pubs as an amplification mechanism and possible explanation for the lagged
effect of football on domestic abuse levels. Further research could confirm this proposition by analysing
strictly alcohol related incidents as a function of the pre-game expectations of football games.
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Bond Yield Determinants and Stock Market Spillover 
Effects during the European Sovereign Debt Crisis

Lilia Chobanova1

American University in Bulgaria2

Abstract

The sovereign debt crisis spiral that started in the Eurozone following the global financial recession was 
deemed by many as a serious challenge for the sustainability of the currency union. This paper focuses on 
the bond yield determinants of Portugal, Ireland, Italy, and Spain in the period from 1998 until 2014. We 
try to answer the question whether domestic financial system stress had spillover effects on the national 
bond markets for the countries outlined above throughout the crisis period (2009-2012). Existing literature 
focuses mainly on the unilateral transmission of shocks from the sovereign bond to stock markets. The 
following analysis undertakes the reverse approach by studying the effects from domestic stock market 
shocks on the periphery countries sovereign bond yields. The methodology used comprises a second 
stage least squares estimation, followed by a differenced GMM model. The results provide support for the 
hypothesis that sovereign bond yields respond positively to surges in external debt (both private and public) 
and negatively to changes in domestic stock market prices. An increased comovement of government bond 
yields with stock market prices during the crisis period implies that a downward stress on the domestic 
financial s ystem c ould u ndermine a  g overnments a bility t o r epay i ts d ebt a nd t hus e xacerbate f ears of 
sovereign default.

1B.A. in Economics and Business Administration from the American University in Bulgaria; lily.t.chobanova@gmail.com
2I would like to express my sincere gratitude to prof. Jeffrey Nilsen for his continuous support and valuable feedback in the process

of completing this research
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1. Introduction 
Since the establishment of the European currency union, sovereign bond yields have converged, suggesting 
expectations that in case of a country’s default on its debt, the European Central Bank (ECB) and rest of the 
union would be pressured to bail it out for the sake of the union’s stability. Once the European Sovereign Debt 
Crisis (ESDC) had started, a “wake-up call” seems to have happened that allowed adjustments in the 

sovereign cost of debt to take place in all countries exhibiting unfavorable public debt figures. The 5 countries 
that were unable to repay their debt or rescue domestic banks from bankruptcy without the assistance of a 
third party (namely the ECB) include Greece, Portugal, Ireland, Italy and Spain (referred to as the PIIGS 
countries). This paper studies bond yield determinants and possible spillover effects from national stock 
markets of those countries during the period starting from 1998 until 2014.  

Most studies on spillover effects during the ESDC focus on the unilateral transmission of shocks from 
sovereign bond to stock and derivative markets (Sovereign Credit Default Swaps), in an attempt to establish 
the degree to which public debt crises are associated with financial market stress and particularly with banking 
crises through balance sheet effects. Such an approach is limiting, as the causal direction may not necessarily 
be unilateral.  Allowing for spillover effects from domestic financial markets (responsive to the overall health 
of the financial system) to the sovereign bond markets is necessary in order to better comprehend the 
underlying dynamics between private and public debt crises. Such an approach would also contribute to a 
better understanding of sovereign bond yield determinants in normal and crisis periods.  

The following section presents a review of existing literature and motivation for the study. The analysis then 
examines important factors related to sovereign bond yield determination, namely private and public foreign 
debt, the overall stability of the domestic financial system, the interbank lending rate in the Eurozone 
(Euribor), and capital outflows associated with changes in foreigners’ holdings of government debt. Section 3 
includes a panel data model proposed for the determination of the sovereign bond yields of Portugal, Ireland, 
Italy and Spain, which is followed by a descriptive section of the data used and analysis of potential issues. 
Section 4 covers the empirical analysis of a second-stage least squares estimation. A general method of 
moments (GMM) estimator is also provided as a form of robustness check and basis for comparability. 
Section 5 includes a brief summary and concluding remarks. 

1.1. Literature review 
The terms contagion and spillover will be used interchangeably throughout the paper. Dornbusch, Park and 
Claessens (2000) define contagion as an increase in the degree of comovement of asset prices or financial 
flows across markets in the crisis period as opposed to a lower degree of comovement in normal periods. The 
definition is based on several requirements. Primarily, there needs to be an initial shock in the originating 
country to start the transmission process. This shock could potentially be transmitted to other countries 
through financial links (interdependence of banks’ balance sheets), cross-nation shocks, international trade 
linkages or through herding behavior exhibited by investors. 

Several empirical studies of contagion during the European Debt crisis attempt to shed light on the effects of 
the sovereign crisis on financial markets. Glover and Shubik (2014) concentrate on expected spillover effects 
in Credit Default Swap (CDS) markets. Introducing a network model of credit risk, they forward the idea that 
that spillover effects occur via direct losses to assets, held by creditors in a balance sheet framework. They 
highlight the importance of centrality: some countries have the potential to pose higher contagion risk than 
others in case they default. Glover and Shubik show no significant spillover effects from sovereign bond to 
stock markets during the crisis, but emphasize the transmission potential of other channels such as risk 
preferences or investors’ beliefs of future default.  

Empirical studies dealing with bond and CDS spreads apply various econometric methodology and seem to 
result in controversial conclusions regarding the magnitude of contagion. Kalbaska and Gątkowski (2012) 

perform an Exponentially Weighted Moving Average (EWMA) correlation analysis, Granger Causality Test 
and Impulse Response Function (IRF) analysis and conclude, similarly to Glover and Shubik (2014), that core 
countries have much higher capacity to trigger contagion, as compared to peripheral countries. Since mainly 
peripheral countries were considered at risk of default, the authors’ conclusion suggests that if the sovereign 
debt crisis had any spillover effects, these will only be temporary, as the crisis remained limited to EU’s 

periphery, and the series would adjust back to their long-run equilibrium.  
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Poghosyan (2012) highlights the debt-to-GDP ratio and expected growth as long term determinants of bond 
yields, and inflation and short-run interest rates as short-run determinants. If people are risk averse, then 
higher inflation would be expected to have a negative effect on interest rates. In a panel cointegration analysis 
that covers the initial stage of the debt crisis, he finds that short-run bond yield deviations from long-run 
equilibrium adjust within one year for 22 advanced countries over a 30-year period. He also points out that 
Northern Eurozone countries acted as a safe haven for investors, while peripheral countries were experiencing 
an increase in borrowing costs. 

Ferreira et al. (2014), on the other hand, find evidence for structural breaks and cointegration between 
government bond yields (hence interest rates) and stock market prices in six European markets. They utilize a 
regime shift model proposed by Gregory and Hansen (1996) in order to explain contagion during the 
sovereign debt crisis. Their results point to 2010 as the year with the most significant structural breaks and 
stress that the regional credit and stock markets were almost fully integrated pre- and post the crisis. This 
implies that price signals (bond yields in particular) are late to react to worsening sovereign debt conditions 
since the establishment of the European Monetary Union (EMU). Consequently, sovereign bond yields in the 
Eurozone did not act as a good indicator of default risk. 

1.2. Motivation 
Studies in the literature focus mainly on the unilateral direction of spillover effects from bond markets to stock 
and CDS (Credit-Default Swap) markets. This paper will take the reverse approach and try to answer the 
question of whether stress from the domestic financial markets had any effect on the sovereign bond yields of 
4 of the periphery EU countries for the period from 1998 until 2014. The analysis would be useful as to 
suggest whether the direction of financial shock transmission during the ESDC was two-directional, meaning 
that there were spillover effects from the sovereign bond to stock markets and vice versa. The GFC resulted in 
systemic banking stress for the Eurozone, and the ESDC, on its turn, reinforced the effects of financial stress 
through banks’ balance sheet effects, sudden stops in capital flows and an increased cost of borrowing for 
sovereigns. Thus, we would expect that the two types of crises could reinforce each other and result in 
changing dynamics between the stability level of the private and the public sector. On one hand, a sovereign 
debt crisis could destabilize the domestic financial system and exert downward pressure on financial markets. 
On the other hand, systemic banking crises that require government intervention result in stock market stress 
and increases in fiscal spending. This could undermine investors’ trust of the sovereign’s ability to repay its 

debt obligations, especially if it already has a relatively high levels of government debt.  

Having a better understanding of the complex relationship between sovereign bond yields and stock market 
stress during normal and crisis periods is essential when evaluating possible bailout and policy intervention 
measures and their effectiveness. The reason why a sovereign is deemed by investors as incapable to repay its 
debt is important. Long history of lacking fiscal discipline could be one reason, but rapid surges in banks’ 

exposure to external debt could also have an effect on sovereigns’ cost of borrowing. Thus, austerity measures 
concentrated to deal unilaterally with fiscal discipline and debt-to-GDP measures may not be a suitable 
remedy in cases of public debt discipline where it was private external debt that triggered a banking crisis and 
required government intervention.  

2. Factors affecting sovereign bond yields behavior 
The following section will cover four channels associated with sovereign bond yields’ behavior. These include 
factors that incite panic on the sovereign bond markets, namely: 

 Level of Indebtedness (as measured by external-to-total debt ratio) 
 Domestic financial system stability (proxied with % change in a capitalization weighted 

domestic stock market index)  
 Interbank lending rate (Euribor)  
 Capital flows (associated with the trade of government debt instruments)  

2.1. External debt  
Most studies on sovereign bond yield determination take public debt as a long-term explanatory variable for 
government bond yields’ determination. There are limitations to this approach, however, as public debt –to-
GDP ratio does not reflect the overall indebtedness of an economy. It isolates the public from the private 
sector, assuming they are independent of one another.  
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Rapid surges in private borrowing from abroad could have a potentially close relationship with sovereigns’ 

cost of borrowing. Reinhart and Rogoff (2011) find evidence that surges in external private debt often precede 
or accompany banking and sovereign debt crises. They highlight the complexity of the relationship between 
sovereigns and the banking system. Whenever a systemically important bank or other financial institution is at 
risk of default, it is reasonable to expect that will cause stress on the domestic financial market.   

Ireland and Spain both exhibited declining public debt-to-GDP ratio until 2008, while simultaneously 
enjoying an increase in foreign funding. Six of the major Irish banks’ foreign funding grew from 15 to 110 

billion from 2004 to 2008 (Ahearne, 2012), which represents more than 700 percent increase. It is not 
particularly surprising, then, that the influx of foreign money funded a housing market bubble. Spanish banks 
were also exposed to housing sector loans. Spain, however, represents one of the EU’s biggest economies, 

which carries significant implications for the stability of the union. Spanish rising private debt resulted again 
in a housing bubble.  

An important implication of the two cases is that surges in external private debt held by systemically 
important financial institutions could carry significant consequences for the public sector. The sovereign’s 

incentive to intervene is too high and driven by concern for the overall health of the financial system.  A rapid 
increase in external private debt could therefore have an indirect effect on the sovereign cost of borrowing. 
This might happen through two main mechanisms.  

The first mechanism is associated with changes in future growth expectations. Credit bubbles (funded by 
foreigners) can destabilize the domestic banking system, resulting in banking crises and consequently, output 
losses. Hoggart, Reis and Saporta’s study of advanced and emerging economies (2002) suggests that output 

losses as a result of banking crises, on average, are about 15 to 20 percent of GDP, with significant country 
variation. Output losses of such amount imply lower growth expectations for the economy, which according to 
Mody (2012) are associated with higher cost of sovereign debt. The relationship is simple: if an economy’s 

expected GDP growth decreases, investors will require higher return for lending out funds to the respective 
government as the latter will find it harder to repay the debt with lower expected income. 

The second mechanism is related to fiscal costs. Unsustainable levels of private external debt imply increased 
fiscal spending, through recapitalization, bailout costs and payments to depositors (Hoggart et al, 2002). This 
is confirmed by the rapid increase of Ireland and Spain’s public debt-to-GDP ratios that was caused by 
excessive fiscal spending in the years following the onset of the 2008 crisis. Lower expected output along 
with increased fiscal spending could therefore have an effect on sovereigns’ cost of borrowing, even when it 
was private debt that triggered the crisis. 

2.2. Stock market stress and the overall stability of the financial system 
Stock markets are generally representative of the overall health of the domestic financial system. By taking 
changes in the capitalization weighted stock market indices for each country, we try to account for any shocks 
to the stability of the domestic financial systems of Portugal, Ireland, Italy, and Spain. Changes in the stock 
market indices also reflect changes in investors’ risk preferences in crisis and non-crisis periods. In crisis 
periods, companies are facing higher costs of borrowing (interest rates) and falling stock prices. This means 
that stocks are relatively riskier than bonds in such times. Nevertheless, since sovereign bond yields are 
representative of the interest rate of the economy, we would expect to see a negative relationship between 
stock prices and bond yields. In the presence of spillover effects during the sovereign debt crisis period, this 
relationship is expected to be magnified. 

2.3. Euribor rate  
The Euribor represents the rate at which majority of the largest volume European banks borrow from each 
other uncollateralized funds denominated in euros. Since its introduction it has been an important benchmark 
rate in the European money market that provides reference for the pricing of other financial instruments. The 
Euribor is highly responsive to changes in the ECB’s refinancing rate, which is the rate banks pay when they 

borrow from the ECB (analogous to the discount rate in the US). If too high, the Euribor could act as a 
liquidity shortage symbol in the Eurozone, implying that sovereigns would find it more costly to borrow short 
term, therefore increasing the risk of default on maturing obligations. Therefore, we expect a positive 
expected correlation with sovereign bond yields. 
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2.4. Capital outflows  
Demand for sovereign debt is likely to affect its price on the international financial market, and therefore, its 
return. Understanding the drivers behind changes in foreign investors’ demand for government bonds requires 
taking their perspective. The Gordon Growth Model theory of stock price determination provides a simple and 
intuitive understanding of the substitute relationship between stocks and bonds, as financial instruments with 
different levels of riskiness. According to the Gordon Growth Model, the intrinsic value of a stock depends on 
the expected dividend payment in one year 𝐷, divided by investors’ required rate of return 𝑟, less the dividend 
expected growth rate 𝑔, as shown below:  

                                             Po = D

𝑟−𝑔
                                                       (1) 

Therefore we can solve for 𝑟: 
 
                                                                     𝑟 =  

𝐷

𝑃𝑜
+ 𝑔                                                                         (2)  

or     

𝑟 = 𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑 𝑦𝑖𝑒𝑙𝑑 + 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑 𝐺𝑟𝑜𝑤𝑡ℎ 𝑅𝑎𝑡𝑒 

The above formula has several implications. In crisis periods, investors would require higher rate of return 𝑟 
due to an increase in perceived risk. This, on its turn, would further reduce stock prices, rendering bonds a 
better investment opportunity. The substitute relationship between stocks and bonds is termed as a flight to 
safety, with Germany, Switzerland, US and Australian bonds all considered safe haven countries. 

The model can be applied in a comparative analysis of demand for government bonds as well. With the 
announcement that Greece is going to default on its sovereign debt, and subsequent announcements for 
Portugal, Spain and Ireland, these countries’ sovereign bonds’ perceived risk increased. As a result there was 

also a reduction in their liquidity. In such a situation, a rational investor would differentiate between risky and 
safe-haven sovereign bonds, preferring to sell the former and buy more of the latter. As a result, we would 
expect an increase in financial outflows from the periphery EU countries. The decrease in demand for the 
risky bonds implies rising yields and falling bond prices. 

A counterargument will take into account capital controls that obstruct outflows at least in the short run. 
Forbes and Warnock (2012) find little connection between capital controls and sudden stops related to 
changes in foreign capital flows. They also argue that net inflows are a poor measure of capital flows, and that 
contagion is related to the change in gross inflows and outflows.  

Since we are interested in controlling for demand for government debt only, I take as a proxy foreign 
investors’ holdings of sovereign instruments (including foreign bank and nonbank sector holdings). The 
expected relationship with sovereign bond yields is negative, meaning that when there is a decrease in the 
demand for government bonds (a capital outflow), a rise in the sovereign bond yield is expected. 

3. Model and specification framework 
The following specification is based on a model proposed by Baur (2012) for studying contagion from the 
financial sector to the real economy during the Global Financial Crisis. I use a similar model to study spillover 
effects from the national stock markets of each country. The study uses panel data and covers the period from 
1998 until 2014, taking into consideration the channels outlined in the previous section. They include total 
external debt, the Euribor rate, domestic financial market indices, effects from the Greek yield, as well as a 
dummy variable to account for any increase in the comovement with the stock market index in the crisis 
period (contagion component). The proposed estimation is as follows: 

𝑌𝑖,𝑡 =  𝛼i, 0 +𝛼1𝑌𝑖,𝑡−1 + 𝛽1𝐷𝑖,𝑡 +  𝛽2𝑟 𝑖,𝑡 + 𝛽3𝑆𝑖,𝑡 +  𝛽4𝑆𝑖,𝑡𝐷0 + 𝛽5𝑌𝐺𝑟∗,𝑡 + 𝛽6𝐾𝑖,𝑡 + 𝜐𝑖,𝑡 +  𝑒𝑖,𝑡        (1) 

Where 𝑌𝑖,𝑡 is the 10-year sovereign bond yield of country i at time t,  

 𝑌𝑖,𝑡−1  – sovereign bond yield of country i, at a time t-1 
 𝐷𝑖,𝑡  – external-to-total debt ratio for country i at a time t (debt-to-GDP ratio is also 

used for comparability purposes) 
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 𝑟 𝑖,𝑡 – Euribor rate  
 𝑆𝑖,𝑡 – national stock market index at a time t, monthly average 
 𝐷0 – crisis period controlling dummy 
 𝑌𝐺𝑟∗,𝑡  – the 10-year Greek sovereign bond yield 
 𝐾𝑖,𝑡 – capital outflows  
 𝜐𝑖,𝑡 – between entity error term 
 𝑒𝑖,𝑡 – within entity error term 

The coefficient 𝛼1 measures the dependence of the yield on its previous period value (suggesting a degree of 
auto regression), 𝛽1  measures the effect from a change in the external-to-total debt ratio for each country 
(reflecting indebtedness of both the private and the public sector). The coefficient 𝛽2 measures the dependence 
on the Euribor rate, 𝛽3  measures the effect from national stock market prices on bond yields in normal 
periods, 𝛽4  measures the marginal increase in the effect from stock market prices on bond yields in the crisis 
period (spillover), 𝛽5 measures effect from a change in the Greek yield, and 𝛽6 measures the effect from 
capital flows associated with the sale or purchase of government bonds by foreigners.  

The expected correlation of the yields (dependent variable) with lagged yield values, the amount of external 
debt, the Euribor rate, and the Greek yield is positive, while expected correlation with the domestic stock 
market index (in crisis and non-crisis periods) and with changes in capital outflows (a measure of foreign 
investors demand for sovereign debt) is negative. Consequently, the null and alternative hypothesis regarding 
spillover effects are:  
 

Null Hypothesis: 𝛽4 < 0 (Increase in comovement, or spillover effects from domestic stock to 
sovereign bond market) 
 
Alternative Hypothesis: 𝛽4 ≥ 0 (No increase in comovement, no spillover effects from domestic 
stock to sovereign bond market) 

The dummy variable 𝐷0 assumes a value of one from October 2009 until 2012, and a value of zero otherwise. 
The sample period includes the pre-crisis and crisis years from 1998 until 2014. The equation would allow to 
test for contagion from the stock market to the sovereign bond markets and for any effect from Greece, 
considered to be a shock-originating country.  

3.1. Data  
Data is collected from The Federal Reserve Bank of St. Louis database (OECS, 2015), Eurostat (European 
Commission, 2015), and the World Bank’s Quarterly External Debt Statistics database (2016). It includes 
seasonally unadjusted 10-year, monthly government bond yields for the PIIGS countries, respective total 
external debt figures , public debt-to-GDP ratios (for comparison), the rates of 12-month Euribor interbank 
loans (average monthly rates), and monthly averages of national capitalization weighted stock market indices. 
The latter include PSI20 for Portugal, ISEQ for Ireland, MIB for Italy, and IBEX35 for Spain. Data for 
sovereign debt liabilities to foreign investors were collected from a publicly available dataset developed by 
Arslanalp and Tsuda (2012) and represent a summation of foreign bank and non-bank holdings of sovereign 
debt.  

Performing a Hausman test in the linear panel data estimation holds the null hypothesis that the preferred 
model is random effects as opposed to the alternative that is fixed effects. Results from the test indicate to use 
random effects estimation, suggesting that errors due to individual components are not correlated with the 
regressors. 

3.2. Estimation issues 
3.2.1. Endogeneity  
Due to the expected dual causality link between changes in domestic stock market indices, the Greek yield 
and the respective sovereign bond yields of the PIIGS members, the proposed model is likely to suffer a 
misspecification if an ordinary least squares estimation is performed.  The assumptions are that: 

i) Cov(𝑆𝑖,𝑡, 𝑒𝑖,𝑡) ≠ 0,   
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ii) Cov(𝑌𝐺𝑟∗,𝑡 𝑒𝑖,𝑡) ≠ 0,     

meaning that there is bi-directional causality between 𝑆𝑖,𝑡, 𝑌𝐺𝑟∗,𝑡  and 𝑌𝑖,𝑡 . To account for this, I use a second 
stage least squares procedure, followed by an Arellano–Bond linear dynamic panel estimator for robustness 
purposes. Addressing endogeneity problems effectively depends on the cross sectional and time size of the 
sample. The GMM model is likely to work well with large cross-sectional groups, but results may be biased if 
the number of groups is small relative to the time periods used, as in our case. Therefore, the second stage 
least squares estimator is expected to provide more reliable results. It is important to note that the two 
estimators have a different treatment of the endogeneity problem. The 2SLS assumes a system dynamic and 
uses all specified exogenous variables as instruments to derive the structural parameters 𝛽, whereas the 
differenced GMM estimator takes past lags in order to instrument the endogenous variables. Having this 
different treatment in mind, it is noteworthy to compare the coefficients obtained from the two estimators.  

3.2.2. Structural changes  
Another potential problem is the existence of structural changes in the behavior of sovereign spreads for the 4 
countries of interest. Such have been highlighted in the case of Greece in studies of wider breadth. If present, 
a break implies model unreliability concerns and forecasting errors. To avoid this danger, our model takes the 
Greek yield as exogenous for purposes of simplicity that are in line with the scope of work. Testing the PIIGS 
countries’ yields for a structural break, however, is necessary in order to ensure that the estimation can be 
performed for the entire period of interest. The results of a test using a time shift dummy variable support the 
hypothesis of no structural break for the period 1998 – 2014. This implies that there were no structural 
changes in the sovereign bond yield determinants for Portugal, Italy, Ireland, and Spain, consequently we can 
proceed with estimating the model. 

 

4. Empirical results and analysis  
The following results were obtained with a crisis identification period starting in October 2009 and continuing 
until January 2014. Table 1 and 2 display results from a second-stage least squares (2SLS) and a differenced 
GMM estimation. The stock market index, and the Greek yield are specified as endogenous variables, and 
instrumented according to the two estimators’ procedure. Due to heteroscedasticity of the series, robust 

variances are specified. Coefficients for changes in Debt-to-GDP ratio and Euribor rate, as well as coefficients 
for changes in capital flows and external-to-total debt levels are not used in the same regression due to high 
correlation exhibited by the series. 

The proposed estimators test for spillover effects from the domestic stock markets to the four countries’ 

sovereign bond markets, where the change in Stock Market Index (normal period) controls for normal period 
comovement between the series, and change in Stock Market Index (crisis period) measures the marginal 
increase in comovement during the crisis period. Based on the results in Table 1. We could argue that public 
debt-to-GDP ratio acts as a weaker determinant of changes in sovereign bond yields, as compared to external-
to-total debt ratio. The latter is significant at the 10% level and has a higher beta coefficient.  

The negative effect from stock market stress on bond yields confirms expectations that in crisis periods, a 
destabilization or weakening of the private financial sector could lead to an increase in the cost of borrowing 
for sovereigns. The significance of the crisis period beta for stock market comovement points to increased 
interdependence between the private and the public sector during the crisis, implying the possibility of a 
feedback loop of negative shock transmission. 

During the crisis period, demand for risky bonds offered by highly leveraged countries is expected to 
decrease, which results in large capital outflows from the Portugal, Ireland, Italy and Spain (as suggested by 
the negative beta coefficient for changes in Capital flows). Capital flows measured are strictly related to 
foreign bank and non-bank sector holdings of sovereign debt. This allows us to trace the effect from the sale 
of government debt instruments only. The betas in the first and second column in Table 1 show a 1% level of 
significance, suggesting that investors’ sudden decrease in demand for government bonds is likely to increase 

the cost of sovereign debt for the four countries, therefore justifying fears of sovereign default. The idea is 
practically an application of the concept of sudden stops in capital flows outlined in the existing literature 
(Forbes and Warnock, 2012, Mendoza, 2010) in the context of the international sovereign bond market. 
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Table 1: Estimation results for bond yield determinants using a second-stage least squares method. 

Dependent variable: Δ in Sovereign Bond Yields 

  2SLS 
(euribor) 

2SLS 
(public debt-to-GDP) 

S2LS 
(external debt) 

Δ in Lagged Yield 0.087** 0.095** - 
  (0.043) (0.043)  

Δ in Debt - 0.006 0.012* 
   (0.011) (0.006) 

Δ in Euribor rate 0.205** - 0.188** 
  (0.095)  (0.094) 

Δ in Stock Market Index 
(normal period) -0.009*** -0.007**  -0.006* 
 (0.003) (0.003) (0.003) 

Δ in Stock Market Index 
(crisis period) -0.022*** -0.022*** -0.021*** 
  (0.004) (0.004) (0.004) 

Δ in Greek Yield 0.037*** 0.039*** 0.036*** 
  (0.011) (0.011) (0.011) 

Δ in Capital Flows -0.051*** -0.052*** - 
  (0.017) (0.017)  

Δ in US Yield 0.537*** 0.575*** 0.499*** 
  (0.078) (0.076) (0.076) 

Constant term 0.000 0.000 0.000 
  (0.000) (0.000) (0.000) 

No of obs. 480 480 480 
     
Wald Test 𝜒7

2: 117.55 
(0.000) 

𝜒6
2: 100.42 
(0.000) 

𝜒7
2: 108.01 
(0.000) 

Legend: Beta coefficient/ (SE)  
*** denotes 1% level of significance 
** denotes 5% level of significance 
* denotes 10% level of significance 

Table 2: Estimation results for bond yield determinants using a differenced GMM estimator (robustness 
check)* 

Dependent variable: Δ in Sovereign Bond Yields 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

103

PAGES 96-107



 GMM (euribor)  

robust 

GMM (debt)  

robust 

Δ in Lagged Yield 0.089*** 0.096*** 
 (0.008) (0.009) 

Δ in Debt/GDP ratio - 0.006** 
  (0.002) 
Δ in Euribor rate 0.158** - 
 (0.054)  

Δ in Stock Market Index -0.005*** -0.004*** 
(normal period) (0.001) (0.001) 
   
Δ in Stock Market Index -0.015*** -0.017*** 
(crisis period) (0.004) (0.004) 
   
Δ in Greek Yield 0.038*** 0.039*** 
 (0.005) (0.006) 

Δ in Capital Outflows -0.054*** -0.052*** 
 (0.016) (0.016) 

Δ in US Yield 0.469*** 0.508*** 
 (0.066) (0.060) 

No of obs. 476 476 

Wald Test 180.03 
(0.000) 

84.88 
(0.000) 

# of Groups 4 4 

# of Instruments 477 477 

Sargan/Hansen: 𝜒469
2  483.94 

(0.307) 
483.129 
0.316 

AR(1)  -1.719  
(0.087) 

-1.716 
(0.086) 

AR(2) -.611 
(0.541) 

-.694 
(0.488) 

 
* Note: The instrument matrix for the GMM model includes second up to fourth lags for the yields and second 
up to third lags for the stock market index respectively. The model serves for robustness and comparability 
analysis with the second stage least squares estimation outlined in Table 1.  

The dependence on previous lag terms in the differenced GMM model includes the first lag of the dependent 
variable, and up to second lag for the stock market index for both the crisis and non-crisis coefficients. 
Coefficients for the lagged yield are consistently positive and significant with slight variations in the 
estimates. The coefficient for the Euribor rate and the US yield are relatively high in all estimations. The 
former highlights liquidity as an important determinant for sovereigns’ cost of debt. The latter reflects the 

overall demand for sovereign bonds and stability of the global financial market. 

The GMM model post estimation is an important step in order to establish model reliability. Performing 
autocorrelation tests of degree one and two is expected to confirm the null of existing autocorrelation for the 
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first order test (p-value less than alpha) and reject the null for the second order test (p-value larger than alpha). 
Results from the tests are shown in Table 2, suggesting no autocorrelation. The GMM procedure, however, is 
bound to exhibit instrument proliferation bias due to the small number of cross sectional groups studied. 
Therefore, interpretation of results should be done with caution.  

Overall, the results support the hypothesis that the private sectors’ influence on the cost of sovereign debt 
increases during the crisis period tested. This is especially important in the context of the monetary union, 
where members are exposed to shared risks and sovereign debt default of one country can trigger subsequent 
crisis in another union member.  

 

5. Conclusion 
The paper studied the connection of sovereign’s cost of borrowing with the private and public sectors’ 

external debt levels, the domestic financial system stability, the Eurozone lending rate (Euribor) and capital 
flows associated with foreigners’ exposure to sovereign debt for Portugal, Ireland, Italy, and Spain. Greece 
was considered a shock-originating country that started the transmission process and the debt crisis spiral 
within the union. Results point to the conclusion that government debt-to-GDP ratio, which has been the basis 
reference point for a country’s indebtedness in policy measures and requirements, is not necessarily a strong 
determinant of the riskiness of sovereign debt, as its adjustment to increases in risk is lagging in nature in the 
context of a monetary union. The external-to-total debt level, on the other hand, measures indebtedness of 
both the private and the public sector and thus is implicitly associated with the cost of government debt. The 
dependence between the debt levels of the public and private sector comes from the notion that sovereigns 
will be highly incentivized to intervene in a situation of a banking crisis. Such intervention is demonstrated 
with the Irish and Spanish example of private credit bubbles, and is realized through bailout costs, payments 
to depositors, and increases in fiscal spending. Unsustainable levels of external borrowing whether from 
private or public origin can thus have an effect on government bond yields through two channels. The first one 
includes output losses resulting from banking system instability, and the second is related to increases in fiscal 
costs.  Output losses make it harder for a sovereign to repay its obligations, due to expected decreases in 
income (Mody, 2012). Investors perceive this as a warning sign and adjust their expected return for holding 
government bonds, which on its turn affects the asset side of banks’ balance sheets negatively, causing a 

further shock in the private financial sector.  

Our study has provided support for the hypothesis that during the ESDC, the comovement of sovereign bond 
yields with the domestic stock market index of a periphery country increases, implying increased 
interdependence between the private and the public sector. These changing dynamics from the non-crisis to 
the crisis period are important and should be taken into account when deciding on the type of crisis resolution 
efforts and their timing. A major policy implication of the findings is that in a monetary union where countries 
share the same currency, it is relatively easy to observe rapid financial inflows and outflows based on the 
demand for lending and borrowing of funds. If these funds are not directed towards productive use, they 
generally result in credit bubbles. Therefore, preemptive efforts aimed at limiting the instances of sovereign 
debt crises should consider the banking system and financial institutions exposure to external debt, along with 
the government levels of public debt-to-GDP ratio. Concentrating only on the latter is analogous to treating 
the symptom, while ignoring the cause of the problem. In particular, policies regarding bank’s capital and 
external debt requirements should be carefully designed in order to control for flexibility in risk assessments. 
They should also be aimed at limiting rapid surges in private external debt exposure that are likely to result in 
destabilization of the domestic financial sector and an increase in the sovereign’s cost of borrowing. 
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Missing Women in the Workplace:
The challenge of retaining women in employment post-childbirth

Felicia Hui Ting Choo
Georgetown University

Abstract

This paper studies the effect of increased parental leave benefits on Japanese maternal labor outcomes post-
childbirth. Parental leave payments are tied to employee insurance, and only women who have worked 
for at least a year before pregnancy and are expected to return to work a year from childbirth are eli-
gible. Since an increase in parental leave benefit payments i s expected to raise the opportunity cost of 
resignation, this incentivizes women to stay employed. While previous studies on parental leave benefits 
have utilized difference-in-difference and ordinary least squares (OLS) methods, the non-random nature
of parental leave uptake implies that OLS estimates will be biased due to selection bias. Thus, I utilize 
matching methods in order to replicate as closely as possible a randomized experiment to examine the 
size of the effect of increased parental leave benefits on the rate at which mothers return to employment 
post-childbirth. Consistent with the model of rational cost-benefit analysis, I find that an increase of 25%
of parental leave benefit p ayments i ncreases t he p robability t hat w omen r eturn t o t he w orkforce post-
childbirth across the linear probability model and matching methods estimations. Amongst women who 
are eligible for increased benefit payments, this probability further rises.
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1. Introduction 
The issue of maternal labor outcomes after childbirth is significant for countries throughout the world 
seeking to deal with the twin issues of declining birth-rates and the gender employment gap. In particular, 
the departure of females from the workforce in Japan after childbirth is especially dire, due to traditional 
expectations of women being in charge of housework and childcare, lower pay relative to men, and 
unfavorable working hours and conditions.  
 
According to a 2013 study by Goldman Sachs on Womenomics, over 60% of Japanese women quit 
working after giving birth to their first child, and more than 70% of mothers with children younger than 
the age of three are unemployed, the highest among developed OECD countries. Japanese women are 
notably the fourth oldest in the world, with a mean of 30.30 years of age, to give birth to their first child. 
With the Japanese economy experiencing over a decade of stagnant growth, one central tenet of 
Abenomics to kick-start economic growth is Womenomics, or the raising of the female labor participation 
rate. It is expected that increased female participation in the labor force can boost Japan’s GDP by nearly 

13%i (Matsui, 2014). A prolonged departure from the workforce due to resignation hurts women in terms 
of human capital depreciation and a more difficult re-entry into the workforce, often with salary and 
occupational downgrades. As such, both on a personal as well as a national level, it would be beneficial to 
increase the rate at which women are retained in the workforce.  
 
The low female labor force participation rate can be viewed from two angles: women being dismissed by 
employers or voluntarily resigning. Policies prohibiting discriminatory treatment towards pregnant 
employees and the nature of parental leave payouts (paid out from employee insurance instead of the firm 
directly) have reduced to an extent the push factors from employers’ side in the dismissal of women with 
young children. However, the voluntary resignation of women who are pregnant is still rampant. This 
paper deals with a potential pull factor: the increase in the percentage of income replacement payments 
during parental leave from 25% from before 2000 to 50% in 2007, whose payout is tied to employee 
insurance, as a means of incentivizing women to remain employed post-childbirth.  
 
The structure of parental leave payments is such that 55% of payments are funded by the governmentii 
(2013 Ministry of Health, Labor and Welfare Study 89), with the rest borne by employee insurance. Paid 
parental leave is available for ten to sixteen months following the end of maternity leave (around two 
months) after childbirth but only regular employees who have worked for at least a year, and are expected 
to return to work a year after childbirth (both part-time and full-time), are eligible for the benefit 
paymentsiii (Child Care and Family Care Leave Act, 2013). 
 
2. Literature Review 
With increased attention on increased female employment and falling birth rates globally, there is a 
growing literature on how paid parental leave affects parental employment and earnings, child 
developmental outcomes, and fertility rates. However, literature in this area has been largely confined to 
Western developed countries where data on childcare leave uptake and subsequent employment is readily 
available. Further, there is a lack of consensus on whether paid parental leave provisions improve parental 
employment outcomes and earnings, given the wide variation of maternal labor outcomes across and 
within countries as a result of maternity and childcare leave provisions. Methodology-wise, existing 
studies have mostly used cross-sectional data and difference-in-difference modelling to estimate the 
effects of paid parental leave on maternal employment.  
 
My paper intends to investigate the effect of the 2007 Japanese Childcare Leave policy reform increasing 
the income replacement rate of parental leave payments from 25% to 50% on the rate at which women 
return to the workforce after childbirth. It contributes to this growing literature on maternal employment 
in three ways. Firstly, it examines the efficacy of increasing monetary incentives to retain women in the 
regular workforce in Japan, where previous research has focused on fertility and marriage rates. Secondly, 
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it uses matching methods, a relatively new methodology that has rarely been employed in seminal works 
on paid parental leave provisions, to overcome selection bias in estimating causal effects of such 
provisions on maternal labor outcomes. Thirdly, it adds to the literature surrounding measures to improve 
maternal employment in Asia, given the heightened attention to this issue in recent years and the paucity 
of studies in the region.  
 
3. Theoretical Model Characterizing Maternal Employment Decisions 
 
3.1. Human Capital Cost-Benefit Model 
Models surrounding female employment patterns around the time of childbirth indicate that there are two 
models characterizing a woman’s employment decisions: human capital, and social norms. One model of 

decision-making uses cost-benefit analysis (Wenk and Garrett, 1992iv, Vlasblom and Schippers, 2004v), 
where women compare the costs of not working (and taking up childcare personally), or continuing to 
work, and pay for external childcare costs. Thus, the higher the human capital of the woman (educational 
level, years of experience etc.), the higher the opportunity costs of resignation, and the more likely they 
will return to the workforce soon after childbirth. The other model is based on social norms and 
preferences, which could dictate gender roles in the household (Hakim, 2000vi). Some women may 
choose or be expected to undertake the caretaker and homemaker role in the family, with little attachment 
to the labor force; others will choose to focus on their careers, and then have children at a later age, and 
interrupt employment temporarily around childbirth (Vlasblom and Schippers, 2004). Especially in a 
country like Japan where the cultural norm of patriarchy danson johi (男尊女卑) dominates Japanese 
society, a notable dual-track career system has been created which separates the elite jobs reserved for 
males: sougoshoku (総合職) from clerical, support-type jobs for females: ippanshoku (一般職)vii.   
 
The model for this paper is situated within the human capital approach, as it assumes that the treatment of 
increased parental leave payments directly help to defray the costs of childcare, conditional on continued 
employment. Further, given the time structure of childbirth in Japan, where women usually give birth at a 
later age (around thirty years of age), and would have accumulated more experience and skills, usage of 
the human capital model may be more relevant.  
 
3.2. Indifference Curve Analysis Based on Cobb-Douglass Preferences 
The theoretical framework behind how paid parental leave affects maternal labor outcomes can be 
interpreted using an individual’s preferences to return to the labor force. The labor-supply decision model 
is characterized by a decision between consumption (where income is necessary) and leisure (childcare 
undertaken by the mother herself), where:  

𝑤(�̅� − 𝑅) + 𝐴 = 𝑝𝐶 
w = wage earned 
�̅� = total possible hours a day 
R = total recreational hours (leisure) 
A = existing stock of money 
pC = price per unit of consumption 
 
The preferences of individuals are assumed to be well-behaved, meaning that they are monotonic (prefer 
more of both to less of both) and convex (prefer averages to extremes) and can be represented by any 
typical Cobb-Douglass utility function1. 

1 For example, such a function could take the form of 
 𝑈 = 𝐶𝛼𝑅1−𝛼 and 𝐶 =  𝛼(

𝑤𝑅+𝐴

𝑝
) and 𝑅 = (1 − 𝛼)(

𝑤𝑅+𝐴

𝑤
) 

which is suggested solely for the purposes of illustration. 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

110

PAGES 108-122



 
The increased opportunity costs of not working upon higher parental leave payments is illustrated with a 
budget constraint diagram (see Figure 1). Here, childcare is interpreted as a form of leisure as mothers do 
not work. The increased payments of parental leave benefits can be viewed as an increase in the wage as 
it supplements income during the period of parental leave. Under such assumptions, non-mothers face the 
highest budget constraint with the total amount of wages earned. Correspondingly, the highest 
indifference curve possible is tangent at point X, where the number of hours worked is the most (least 
leisure hours). Mothers face the costs of childcare, and thus have the lowest budget constraint, where the 
amount of hours worked is the least (leisure hours at Y). With the increase in parental leave payments, the 
budget constraint is raised because of additional income, but as these payments only amount to a 
maximum of 50% the regular employment salary, the budget constraint is still below that of non-mothers. 
We expect that due to this increase in payments, mothers are now working more (leisure hours at Z are 
lesser than at Y) than before, which would support employment continuity post-childbirth. 
 
The effect of increased parental leave payments can be decomposed into two effects: the substitution 
effect and endowment income effect, acting in opposite directions (see Figure 2 below). The substitution 
effect refers to the increased relative cost of leisure because of additional income that is provided during 
parental leave, conditional on continued employment post-childbirth. It is shown by the green pivot line 
around the original consumption bundle of leisure at Y1 such that leisure is reduced to Y2. The 
endowment income effect refers to the increased demand for leisure because of the additional income. It 
is shown by the parallel shift of the red line outwards, which results in the final consumption of leisure at 
Z, lower than the original of Y1.  
 
The key to this model is the outweighing of the endowment income effect by the substitution effect such 
that the overall number of leisure hours (for childcare) is reduced, and mothers are induced to work more 
i.e. return to employment post-childbirth. This phenomenon is exhibited particularly when the wage rate 
is relatively low (below W2 in Figure 2), and may change when the wage rate is high (above W2 in Figure 
3), according to a backward-bending supply curve of labor. This supply curve indicates that increasing the 
wage rate (W1) increases the number of hours worked (H1 to H2) until a certain wage rate (W2), where 
further increases in the wage rate instead decrease the number of hours worked (see Figure 3 below). 
Since we assume that the average age of women who give birth is at around thirty years of age, we would 
expect that the salaries of workers have not yet reached the tipping point to prefer increased demand for 
leisure over increasing hours worked.  
 
Indifference curve analysis thus indicates that increased parental leave benefits should help to raise 
female labor supply post-childbirth and raise maternal employment rates. When the opportunity costs of 
not working are raised because of parental leave payments tied to employee insurance, the utility of 
returning to regular employment is greater than the utility of not working, and women are induced to 
return to the workforce earlier instead of resigning. 
 
4. Data and Empirical Strategy 
 
4.1. Data Description 
The data used in this paper originates from the 2000 and 2009 National Survey on Family and Economic 
Conditions (NSFEC) collected by Noriko Tsuya, Minja Choe, Larry Bumpass, and Ronald Rindfuss with 
the Keio University COE project. It is a national, two-stage stratified probability sample of Japanese men 
and women aged 20-49, with individuals aged 20-39 selected at twice the rate of those aged 40-49. The 
stratification was done by first randomly selecting three hundred fifty locales based on the census tract 
distribution. Then, twenty individuals aged 20-49 were randomly selected within each locale, based on 
the registration of current domicile (jumin kihon daicho).  
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4.2. Variable Selection and Definition 
The dependent variable in this study is a binary variable for whether the mother returns to employment 
post-childbirth while the main independent variable is a dummy variable for whether mothers received the 
treatment of increased parental leave payments post-reform in 2007. In addition to the treatment variable, 
there are three groups of independent variables: the first being individual-level characteristics of mothers 
e.g. age, place of upbringing, education etc.; employment-related characteristics like income, type of 
occupation; and lastly attitudes related to child-raising such as ease of access to childcare, division of 
familial responsibilities between parents etc. These three groups of independent variables are especially 
important in affecting maternal decisions to return to work as they pertain to specific determinants of 
career interruption by childbirth in Japan (Nakamura, Ueda 1999viii) and account for much of the variation 
in maternal decisions to return to employment post-childbirth.  
 
Nakamura and Ueda claim that variables such as place of residence in metropolitan areas, age, type of 
occupation and employment, husband’s income, the ease of access to childcare etc. are variables which 
are influential in a mother’s decision to return to employment post-childbirth, and such variables are 
highly similar to the ones I employ in the three groups of independent variables discussed above. The 
only category in which I add more variables to in my model which differs from that of which the paper 
proposed are factors relating to cultural norms and socio-cultural realities which reveal attitudes 
surrounding child-raising. Variables looking at whether there is a household division of labor, or whether 
within the family there are preferences for the mother or father to work pertain to the alternative model of 
social norms for maternal employment decision-making and are important to include so that we can 
determine whether the human capital cost-benefit model is indeed appropriate for characterizing maternal 
employment decisions. 
  
4.3. Empirical Strategy: Matching Methods 
To examine the effects of increased parental leave benefit payments on maternal labor outcomes, this 
paper compares the return to work rate of mothers from the control group in 2000 and those of the 
treatment group in 2009 exposed to the policy reform. However, as women voluntarily select into 
returning to work and the uptake of parental leave, we would expect that selection bias would cause the 
coefficients obtained from Ordinary Least Squares methods alone to be biased (either upwards or 
downwards). Thus, the average treatment effect estimated through OLS will be biased, and these 
estimates cannot be used for causal inference.  
 
In order to resolve the issue of selection bias, the need for random assignment is needed, and matching 
methods (Stuart, 2010ix) such as propensity score matching and nearest neighbor matching, are used to 
replicate as closely as possible a randomized experiment in which individuals in the treatment group are 
given a counterfactual from the control group based on the degree of similarity they have on observed 
covariates.  
 
The empirical strategy of matching methods is derived from the Rubin Causal Model (Rubin, 1974x,  
1997xi) which creates the counterfactual for units in the control condition by matching treatment pairs to 
them. The key assumption involved with using matching methods is strong ignorability, where potential 
outcomes are independent of treatment selection conditional on the set of observed covariates (𝑌1, 𝑌0)  ⊥
𝐷|𝑋| such that the average difference in outcomes can be attributed to the treatment of increased parental 
leave benefits. There are several matching techniques relevant for causal inference, and the Euclidean 
distance multivariate matching technique and propensity score matching technique in particular will be 
used in this paper. 
 
Using Euclidean distance and propensity score matching, the average treatment effect (ATE) and the 
average treatment effect on the treated (ATET) is obtained respectively. The ATE measures the difference 
in labor force participation rate of mothers a year after childbirth between mothers in the treatment and 
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the control group. The ATE is defined as the difference between the potential outcome of the control 𝑌0𝑖 
and the treatment outcome 𝑌1𝑖. Under matching, random assignment of treatment is achieved and the 
average treatment effect is now consistent since the new difference in average outcomes is as follows:    

𝐴𝑇𝐸 = 𝐸[𝑌𝑖|𝐷𝑖 = 1] − 𝐸[𝑌𝑖|𝐷𝑖 = 0] = 𝐸[𝑌1𝑖 − 𝑌0𝑖|𝐷𝑖 = 1] =  𝐸[𝑌1𝑖 − 𝑌0𝑖] 
where: 
𝑌1𝑖: labor force outcome of mothers receiving treatment 
𝑌0𝑖: labor force outcome of mothers not receiving the treatment 
D: treatment – increased parental leave benefits 
X: covariates simultaneously associated with both treatment status and potential outcomes 
 
The ATET measures the effect of increased parental leave benefits on the rate of maternal return to the 
workforce only amongst those who were exposed to this treatment:  

𝐴𝑇𝐸𝑇 = 𝐸[𝑌1𝑖 − 𝑌0𝑖|𝐷𝑖 = 1] = 𝐸[𝑌1𝑖|𝐷𝑖 = 1] − 𝐸[𝑌0𝑖|𝐷𝑖 = 1] 
where: 
𝑌1𝑖: labor force outcome of mothers with increased parental leave payments 
𝑌0𝑖: labor force outcome of mothers without increased parental leave payments 
D: treatment – increased parental leave benefits 
 
The Euclidean distance metric, which creates individual paired matching using covariates, quantifies the 
dissimilarity between the pairs of control-treatment observations (units i and j) (Steiner and Cook,  
2013xii). The standard distance between units i and j is the sum of the squared differences in covariates: 

dij = (Xi – Xj)’(Xi – Xj) = Σp
g-1 (xig –xjg)2 

where: 
dij: distance between units i and j 
X: originally observed set of baseline covariates  
χg : for g = 1, …, p covariates 
 
Ideally, the treatment and control groups are highly similar in all other characteristics apart from 
treatment, and thus individuals are matched on the smallest Euclidean distance. During the matching 
process, 1:1 matching for exact matches or an average of the k-nearest neighbor matches between the 
treatment and control group can be used. 1:1 is usually preferred for precision because the most similar 
observations are matched, but efficiency is decreased when unmatched control cases are not utilized. 
Thus, in order to maximize the usage of available data, we utilize k-nearest neighbor matching (k=4) in 
estimating the average treatment effect. 
 
The propensity score (PS) is defined as the probability that an individual receives treatment conditional 
on the set of covariates, where PS(X)= P(D = 1|X). It is calculated through a logit model by regressing 
the set of covariates on the treatment variable. The propensity score, which ranges from 0-1, is then used 
to match observations between treated and control groups. Propensity score matching allocates a weight 
for each of the covariates in matching to avoid the problem of matching treated to control cases exactly. 
Of the possible weighting methods (Imbens, 2000xiii) including 1:1 nearest neighbor matching, k-nearest 
neighbors matching (k>1), kernel density matching etc., this paper utilizes two forms of kernel density 
weights in propensity score matching to estimate the ATET. Kernel density matching refers to how 
individuals which are closest in terms of their propensity score are given more weight while those who 
are further away are given less weight. Specifically, normal distribution and Epanechnikov weighting 
techniques2 (Hansen, 2009xiv) are used to match treated observations to the control sample. In particular, 
the ATET for propensity score matching using weighting techniques will be estimated using the formula 
below (Hussey, Kanjilal, Nathan, 2014xv): 

2 Equations of the Epanechikov and Gaussian Kernel amongst other common kernels are presented in the 
Appendix: Figure 4 
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𝐴𝑇𝐸𝑇 =  
1

𝑁𝐷
∑ (𝑌𝑖 − ∑ 𝑤(𝑖, 𝑗)𝑌𝑗

𝐽∈𝐶𝑗

)

𝑖∈𝐷

 

where: 
𝑌𝑖: labor force outcome of mother with increased parental leave payments 
𝑌𝑗: labor force outcome of mother without increased parental leave payments 
𝑁𝐷: number of mothers with increased parental leave payments 
𝐶𝑗: set of matched mothers from the control group 
w (i, j): weight function 
 
In order to compare results, a linear probability model is also carried out using ordinary least squares 
regressions (see Table 2). Although the dependent variable is binary, and thus a limited dependent 
variable model like a probit or logit regression could have restricted the probabilities to be between 0 and 
1, the specification of the model only with binary variables results in a significant loss (~50%) of 
observations with multi-collinearity arising from categorical variables. As such, a linear probability model 
(LPM) is used in order to preserve as much of the original data as possible. Further, with the use of robust 
standard errors in the LPM to help to correct for heteroscedasticity and all variables with a predicted 
probability of between 0 and 1, econometric interpretations of the LPM are still considered valid. 
 
Matching methods are superior over the use of OLS in the LPM for two main reasons. Firstly, the LPM 
uses a linear specification to define the relationship between the dependent variable (return to work rate) 
and independent variables, but the use of non-parametric methods such as Euclidean distance matching 
and kernel density estimation in propensity score matching avoid misspecification of fitted models and 
allows for arbitrary covariate heterogeneity in impact of the treatment, thus reducing estimation biasxvi 
(Sianesi, 2010). Nonetheless, it must still be noted that a logit specification is used in the creation of 
propensity scores, and thus such methods are not completely non-parametric. Further, matching methods 
are conducted over a common support, where matched control and treatment individuals are as alike as 
possible on all observed covariates such that the comparison between them gives a more direct estimate of 
the treatment effect on the dependent variable as opposed to the LPM.  
 
5. Results and Analysis 
 
5.1. Linear Probability Model 
The LPM model is as follows: 

𝑅𝑒𝑡𝑢𝑟𝑛 𝑡𝑜 𝑊𝑜𝑟𝑘𝑖𝑡

=  𝛽0 + 𝛽1𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖𝑡 + 𝛽2𝑰𝒏𝒅𝒊𝒗𝒊𝒅𝒖𝒂𝒍 + 𝛽3𝑬𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕 + 𝛽4𝑪𝒉𝒊𝒍𝒅𝒓𝒂𝒊𝒔𝒊𝒏𝒈
+ 𝛼𝑖 + 𝜀𝑖𝑡 

where: 
Individual: individual-level characteristics such as age, upbringing, and education level etc. 
Employment: employment-related characteristics such as work status, income, and occupation etc. 
Child-raising: variables related to child-raising such as housework division, childcare access, and 
attitudes towards mothers working etc. 
𝛼𝑖: time fixed effects 
 
The dependent variable is return to work, a binary variable that is coded 1 if a woman returns to work 
(both full-time and part-time) the year after childbirth, and 0 if she does not. As Japanese labor laws 
stipulate that parent are allowed to request for flexible or shorter working hours with a child of preschool 
age, mothers are thus still entitled for parental leave payments when returning to part-time work. The 
main independent variable is treatment, a binary variable which is coded 1 if mothers were eligible for the 
reform of increased parental leave payments by 25% in 2007. Other independent variables include 
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Individual, Employment, and Child-raising which potentially affect a mother’s choice of return to the 

workforce. Further, in the interest that all possible covariates are covered to prevent omitted variable bias 
in the matching methods section, all variables are included in the regression (see Table 1A, 1B, and 1C: 
Descriptive Statistics for the list of all variables), but only variables which yield significance will be 
presented in the table of results below. 
 
Estimated coefficients from the LPM for the 2000, 2009, and combined 2000 and 2009 dataset are 
presented in Table 2 in the Appendix. The first column presents results from the LPM using Ordinary 
Least Squares estimates for the data in 2000 without the treatment variable, as the reform only affects 
mothers in 2007 onwards. The second column presents regression results from 2009 and the third column 
consists of results from the combined 2000-2009 dataset. The fourth column consists of results from the 
combined dataset with year fixed effects and robust standard errors to control for changes across years 
and correct for heteroskedasticity.  
 
Regression results from the LPM indicate that increased parental leave benefits indeed help to raise 
maternal return to employment by increasing the likelihood that a woman returns to work by 9.14% (see 
Column 4, Table 2), controlling for variation over time.  
 
Individual-level characteristics such as place of upbringing, educational status, age and number of 
siblings are highly significant. Age of the mother has a positive effect while age of spouse has a negative 
effect, which is expected since the age of the parent may be correlated with years of experience, and the 
longer a mother has worked, the higher her salary and opportunity cost of resignation, according to the 
life-cycle hypothesis. However, if the spouse is older, the more he would earn and better support 
childcare costs which de-necessitates the mother returning to work based solely on the need for additional 
income. Spouses who complete vocational training are also 7.4% more likely than those who finish high 
school to support women returning to the workforce, and assuming that education has a positive 
correlation with income, we would expect that dual-income families are better able to afford external 
childcare, rather than self-provision. 
 
Employment-related variables such as income, work status, and occupation also highly influence a 
mother’s decision to return to work post-childbirth. Working part-time, on fixed contracts, as 
homemakers etc. for mothers are less likely to cause a woman to return to work post-childbirth as 
compared to working full-time, which is in-line with the cost-benefit model theorizing that women who 
earn more will be more likely to return to work because of the higher opportunity costs of resignation. 
Similarly, income has a positive effect on the rate in which women return to work, and this effect grows 
as income grows. However, if spouses prefer to work overtime, women are discouraged from returning to 
work by 4.1% because they take on more familial responsibilities if their spouses work longer hours.  
 
It is important to note that most variables related to the attitudes towards child-raising and the division of 
household responsibilities are not significant in affecting a women’s decision to return to work after 
childbirth. This is an important finding which suggests that contrary to current debate, patriarchal gender 
norms that dictate a woman’s place as belonging in the household, are not the root cause of women 
leaving the workplace. Rather, findings from the LPM indicate that a woman’s decision to return to the 

workplace after childbirth is better characterized as rational cost-benefit analysis on whether resignation 
or continued employment can better defray childcare costs. As such, statistical discrimination theories 
which deal with how women are systematically discriminated against in the workplace may better explain 
their calculated choice to remain at home rather than pay for external childcare. 
 
Nonetheless, given that treatment assignment is non-random due to the choice of mothers to undertake 
parental leave, the estimates from the LPM are ultimately biased and cannot be used for causal inference. 
In the following section, matching methods are thus used to construct counterfactual controls to the 
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treated individuals in order to achieve a similar effect to that of a randomized experiment, where causal 
inference is then possible. 
 
5.2. Matching Methods: Euclidean Distance and Propensity Scores 
In order to estimate the ATE and ATT of increased parental leave benefits on maternal labor outcomes, 
Euclidean distance and propensity score matching are used to match observations from the treated group 
(mothers who gave birth after 2007) and the control group (mothers who gave birth between 1995-2000). 
The dependent and independent variables are similar to that of the LPM, with the dependent variable as 
return to work and the independent variables including individual-level characteristics, employment-
related variables, and child-raising variables.  
 
The ATE and ATT results for Euclidean distance matching using k-nearest neighbor (k=4) are presented 
in Table 3. For robustness, k-nearest neighbor matching (k=2 and k=6) are also carried out and the 
estimate for the ATE does not deviate too much and remain significant, indicating that the ATE estimate 
obtained from Euclidean distance matching is reliable. The average treatment effect on the population is 
9.15%, thus women are 9.15% more likely to return to work when exposed to the treatment of increased 
parental leave benefits. The ATT indicates that for women who are exposed to the treatment, they are 
12.2% more likely to return to work. 
 
In propensity score matching, kernel density estimation is used in the weighting of all observations within 
the common support region to match treated to control individuals. However, as standard errors do not 
take into account that the propensity scores are estimated and not true, only estimates of the ATT of 
propensity scores can be validated and will be discussed. The ATT from propensity score matching using 
a normal kernel indicates that for women who are exposed to the treatment, they are 11.8% more likely to 
return to work. Using the Epanechnikov kernel, the ATT is slightly higher at 12.1%. For robustness, 
kernels that are listed in Figure 4 have also been used to measure the ATT (but whose results are not 
presented) with highly similar results to that of the normal and Epanechnikov weighting techniques. 
These results indicate that weighting techniques do not change the size of my estimates, which are highly 
similar to those obtained through Euclidean distance matching. 
 
5.3. Addressing Limitations in Methodology 
In examining the balance of covariates during the matching process, a weighted mean difference equal to 
zero and the variance ratio equal to one indicate a perfectly balanced covariate. Tests for covariate 
balancing reveal that for Euclidean distance matching, most independent variables are balanced across the 
treatment and control groups, with the differences in weighted means close to zero for all variables except 
for upbringing, work status, educational status, and the ease of access to preschool childcare. In addition, 
the variance ratios for age, age of spouse, choice of being a homemaker, occupation for spouse are also 
slightly above or below one. However, several of these covariates have a time lag aspect, especially for 
age, place of upbringing and educational status, as it is expected that with modernization, urbanization 
and greater development in education will occur, thus explaining the lack of balance. For propensity score 
matching, balance on these covariates worsens slightly in terms of numerical magnitude. However, given 
the general good balance of covariates, common support is still judged to be relatively good and bias for 
the participation equation is reducedxvii.  
 
Nonetheless, it is also important to note that the efficacy of matching methods in removing selection bias 
is conditional on the assumption that potential outcomes are assumed to be independent of treatment 
selection conditional on the set of observed covariates. Thus, if confounding constructs are not measured, 
or cannot be reliably measured, bias cannot be fully removed. Omitted variables which are confounding 
can thus be a huge problem for matching methods, which result in biased estimations. Including irrelevant 
variables can also problematic because distance matching can be affected if treatment and control groups 
are highly dissimilar on the irrelevant variable, ceteris paribus. However, with three categories covering a 
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wide spectrum of individual-level, workplace, and attitudinal characteristics, this paper attempts to 
minimize such bias. Further, it should also be noted that as nearest-neighbor matching estimators are also 
not consistent when matching on two or more continuous covariates, (Abadie and Imbens, 2006xviii, 
2011xix) bias-corrected estimators which use a linear function of variables have instead been employed 
(Stata Manuals 13xx).  
 
6. Conclusion and Policy Implications 
 
6.1. Conclusion and Policy Implications 
Given that several countries worldwide are struggling with the twin problems of an ageing population and 
shrinking labor force, raising the fertility rate and labor force participation rates of women are of 
paramount importance. This paper examines the policy of increasing parental leave benefits in order to 
help women balance the twin demands of raising children while retaining their economic activeness in a 
cultural environment which has traditionally viewed them as mutually exclusive. This paper finds that an 
increase of about 25% in parental leave benefits tied to continued employment has a positive effect in 
making maternal return to the workplace post-childbirth around 9.15% more likely. Among women who 
are eligible for these benefits, we also see a higher likelihood of them returning at around 12%. From 
these results, we see the efficacy of using monetary incentives to raise the opportunity costs of resignation 
for mothers.  
 
In addition, since women seem to be making decisions about their employment based on a highly rational 
model of cost-benefit analysis, as opposed to conforming to patriarchal social norms, the design of 
parental leave benefits with an employment guarantee post-childbirth and monetary assistance to support 
the temporary loss of income during parental leave thus cater to helping women balance the competing 
demands of employment aspirations and shouldering childcare costs. This further indicates that measures 
expanding the access to and affordability of externally-provided childcare through subsidies could 
motivate women to return to the workforce if they are also worked into the employment-tied system of 
parental benefits. Such subsidies constitute a similar form of monetary incentives to raise the opportunity 
costs of mothers directly providing childcare. Thus in the short to medium term, such measures may be 
effective to reverse the M-shaped phenomena of female employment and are valuable for consideration in 
other East Asian countries facing similar problems. This is especially since mothers have reflected that 
access to preschool childcare is a key problem. 
 
In the long term however, it is undeniable that patriarchal social norms of Japanese culture will continue 
to feed into the reluctance of women to return to the workplace if working conditions (income, range of 
occupation, promotions etc.) are highly biased in favor of men. When women are systematically 
discriminated against in the workplace, their economic contributions to the family are relatively lower 
than that of their spouses, which results in the decision for them to shoulder the childcare burden through 
resignation. Thus, these results underscore the need for structural reform in the labor market to improve 
working conditions of women and raise the opportunity costs of economic inactivity. The Womenomics 
reforms that Prime Minister Shinzo Abe has proposed in terms of encouraging higher female 
representation at the leadership levels and providing more child-friendly workplace policies is thus a 
testament to the government’s commitment to raise Japan’s female labor force participation rate. 
 
6.2. Areas for Further Research 
With the understanding that the effect of increased parental benefit payments may differ across socio-
economic strata, greater availability of data stratified by income and educational level may produce more 
nuanced results regarding the efficacy of monetary incentives to motivate retention in further studies. For 
example, it would be interesting to distinguish the effects of increased parental leave benefits on women 
who are in various occupations. We would expect women who earn higher wages (in higher positions or 
white-collared occupations) to not respond as sensitively to increased parental leave benefits if they are 
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close to the tipping point wage of the backward-bending labor supply curve. On the other hand, as 
parental leave policies are expected to be expanded to non-regular workers3 (part-time, fixed-contract, 
irregular hours), we should expect to see greater continuity in such non-regular work as wages in these 
occupations are lower than that of regular employment, and shorter working hours should provide greater 
flexibility in the provision of childcare. 
 
Secondly, it might be productive to observe other factors which directly affect a woman’s choice of 
directly providing childcare or hiring external providers. For example, with data on the uptake of external 
childcare facilities, the availability of such avenues, and their respective costs, we would also be able to 
better analyze how and by what amount these factors influence maternal labor outcomes. Such results 
would be beneficial in helping governments to consider more targeted policies (whether increasing 
subsidies by economic strata or provision of auxiliary childcare services) to support mothers resuming 
employment more quickly.  
Given that mothers currently shoulder the bulk of the childcare burden, further research into the design of 
paternity leave benefits to encourage fathers to share this childcare burden could greatly support mothers 
returning to the workforce. Especially since women reflect that there is a greater role for men to play in 
the household in terms of sharing housework, expanding paternity leave benefits would enable fathers to 
share the physical burden of childcare which should support maternal return to the labor force. On a larger 
level, the greater availability and uptake of paternity leave would further bolster the notion that both 
parents should share in the responsibility of childcare, rather than it falling solely on the mother, and 
encourage mothers to remain in the workforce post-childbirth. 
 

Appendix: Figures and Tables 
Figure 1: Budget Constraints of Mothers, Non-Mothers, and Parental Leave Payments 

 
 
Figure 2: Substitution Effect Dominating the Income Effect Leading to Increased Worked Hours  

 

3 Reforms post 2010 indicate that the Child Care and Family Act will expand the provision of parental 
leave benefits to those in non-regular employment with the Government bearing a heavier share of the 
financing burden. 
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Figure 3: Income Effect Dominating the Substitution Effect Leading to Increased Worked Hours 

 

 
Figure 4: Examples of Common Kernel Functions 

 

 
 

 

Table 1A     Descriptive Statistics for Individual Level Characteristics

Variable Min Max

Control Treatment Control Treatment Control Treatment
Treatment 1208 383 0.241 0 1

(0.428)
Age 2380 2982 33.03 37.7 20 59

(8.19) (9.20)
Age of spouse 1366 1913 39.68 43.4 21 69

(7.99) (9.31)
Educational status 2361 2963 1.88 1.97 1 3
1:  Finished High School
2:  Vocational Training
3:  University

1: 49.3%
2: 13.8%
3: 36.93%

1: 44.3%
2: 14.7%
3: 41.0%

(0.920) (0.923)

Educational status of spouse 1356 1901 1.85 1.91 1 3
1:  Finished High School
2:  Vocational Training
3:  University

1: 54.3%
2: 7.2%
3: 38.6%

1: 49.5%
2: 9.7%
3: 40.9%

(0.950) (0.947)

Place of upbringing 2338 2957 0.36 0.648 0 1
0: Rural
1: Urban (0.481) (0.478)

Place of upbringing of spouse 1351 1891 0.38 0.627 0 1
0: Rural
1: Urban (0.485) (0.484)

More than one sibling 1924 2978 0.43 0.445 0 1
0: 1 other sibling
1: >1 sibling (0.50) (0.497)

Spouse has more than one 
sibling 1126 1912 0.51 0.457 0 1

0: 1 other sibling
1: >1 sibling (0.50) (0.498)

No. of children 1273 2972 2.04 1.27 0 6
(0.74) (1.15)

% Breakdown Observations Mean
(S.D.)

Table 1B     Descriptive Statistics for Employment-Related Characteristics

Variable Min Max

Control Treatment Control Treatment Control Treatment
Work status 2373 2976 2.13 2.99 1 7
1: full-time
2: part-time
5: unemployed
6: homemaker
7: other

1: 42.6%
2: 23.0%
5: 3.8%
6: 23.5%
7: 3.1%

1: 30.6%
2: 28.4%
5: 3.7%
6: 20.1%
7: 3.7%

(1.28) (2.03)

Workstatus of spouse 1374 1918 1.10 1.68 1 7
1: full-time
2: part-time
5: unemployed
6: homemaker
7: other

1: 97.2%
2: 0.9%
4: 0.1%
5: 1.0%
6: 1.0%

1: 77.0%
2: 2.4%
5: 1.6%
6: -
7: 1.4%

(0.628) (1.35)

Working overtime 2327 2956 0.78 0.259 0 1
0: < 42h per week
1: ≥ 42h per week (0.43) (0.438)

Working overtime for spouse 1361 1902 0.20 0.767 0 1
0: < 42h per week
1: ≥ 42h per week (0.41) (0.422)

Occupation 2362 2948 3.08 3.19 1 7
1: Not working
2: Skilled white collar
3: Unskilled white collar
4: Blue collar
5: Agriculture/forestry/fishery
6: Professional
7: Other

1: 31.6%
2: 3.9%
3: 40.9%
4: 8.4%
5: 0.6%
6: 4.5%
7: 11.2%

1: 25.2%
2: 5.5%
3: 40.4%
4: 9.9%
5: 1.2%
6: 9.0%
7: 8.8%

(2.14) (1.84)

Occupation of spouse 1363 1910 3.67 3.61 1 7
1: Not working
2: Skilled white collar
3: Unskilled white collar
4: Blue collar
5: Agriculture/forestry/fishery
6: Professional
7: Other

1: 1.0%
2: 22.1%
3: 25.8%
4: 30.6%
5: 1.5%
6: 3.5%
7: 15.5%

1: 2.6%
2: 27.4%
3: 21.5%
4: 29.7%
5: 2.5%
6: 6.1%
7: 10.3%

(1.51) (1.61)

% Breakdown Observations Mean
(S.D.)
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(1) (2) (3)
2000 2009 Combined 2000-2009

Increased benefit payments 0.103***
(0.03)

Upbringing (Rural or Urban) 0.02 -0.0844*** -0.0612***
(0.04) (0.02) (0.02)

Upbringing (Rural or Urban): 
Spouse (0.01) -0.0588** 0.0503**

(0.03) (0.02) (0.02)
Age: Spouse (0.03) -0.0568* (0.04)

(0.04) (0.03) (0.03)
Vocational Training: Spouse 0.03 0.04 0.0750*

(0.08) (0.04) (0.04)

More Than One Sibling: Spouse 0.02 0.0619*** 0.0527**

(0.04) (0.02) (0.02)
Work Status: Part-time -0.547*** -0.447*** -0.481***

(0.14) (0.06) (0.06)
Work Status: Fixed Contract -0.423*** -0.501***

(0.08) (0.08)
Work Status: Self-Employed -0.198** -0.210**

(0.08) (0.10)
Work Status: Unemployed -0.452* -0.393** -0.390*

(0.23) (0.15) (0.23)
Work Status: Homemaker (0.30) -0.400*** -0.508***

(0.26) (0.12) (0.18)
Work Status: Other -0.402*** -0.445***

(0.11) (0.12)
Work Status (Spouse): 
Homemaker 0.16 -0.200* -0.176*

(0.11) (0.12) (0.09)
Work Status(Spouse): Other 1.011*** -0.160** -0.179*

(0.36) (0.08) (0.10)
Income: 1-1.99 mil yen 0.12 0.0970** 0.107**

(0.12) (0.04) (0.05)
Income: 4-5.99 mil yen 0.298* 0.186** 0.260***

(0.15) (0.08) (0.07)
Income: 6-7.99 mil yen 0.474*** 0.355*** 0.348***

(0.16) (0.08) (0.10)
Income: 8-9.99 mil yen 0.345*** 0.569***

(0.09) (0.14)
Income: >12 mil yen 0.685*** 0.831***

(0.13) (0.18)
0.833***

(0.18)

0.260***
(0.07)

0.347***
(0.10)

0.571***
(0.14)

-0.170*

(0.10)
-0.181*
(0.10)

0.107**
(0.05)

-0.394*
(0.23)

-0.510***
(0.18)

-0.447***
(0.12)

-0.483***
(0.06)

-0.505***
(0.08)

-0.210**
(0.10)

(0.04)
(0.03)

0.0738*
(0.04)

0.0529**

(0.02)

0.0914**
(0.04)

-0.0611***
(0.02)

0.0485**

(0.02)

Combined 2000-2009
Variables

(4)

Table 2     Linear Probability Model Results

 
 
 
 
 
 
 
 
 
 
 
 
  

Table 1B     Descriptive Statistics for Employment-Related Characteristics (cont.)

Variable Min Max

Control Treatment Control Treatment Control Treatment

Prefer work overtime 2371 2972 0.2 0.209 0 1
0: prefer < 42h per week
1: prefer ≥ 42h per week (0.40) (0.407)

Spouse prefers to work 
overtime 2360 2957 0.6 0.655 0 1

0: prefer < 42h per week
1: prefer ≥ 42h per week (0.49) (0.475)

Income 2276 2920 4.16 3.72 0 9

1: <1 mil yen
2: 1-1.99 mil yen
3: 2-3.99 mil yen
4: 4-5.99 mil yen
5: 6-7.99 mil yen
6: 8-9.99 mil yen
7: 10-11.99 mil yen
8: >12 mil yen
9: No income

1: 22.9%
2: 17.8%
3: 23.2%
4: 5.8%
5: 1.9%
6: 0.2%
7: 0.04%
8: 0.04%
9: 28.2%

1: 26.3%
2: 20.3%
3: 22.0%
4: 6.7%
5: 2.0%
6: 0.4%
7: 0.14%
8: 0.2%
9: 21.9%

(3.17) (2.98)

Income of spouse 1295 1848 4.15 4.07 0 9

1: <1 mil yen
2: 1-1.99 mil yen
3: 2-3.99 mil yen
4: 4-5.99 mil yen
5: 6-7.99 mil yen
6: 8-9.99 mil yen
7: 10-11.99 mil yen
8: >12 mil yen
9: No income

1: 1.3%
2: 3.6%
3: 29.2%
4: 34.7%
5: 17.8%
6: 7.2%
7: 3.2%
8: 2.4%
9: 0.7%

1: 2.4%
2: 4.7%
3: 30.3%
4: 31.7%
5: 18.9%
6: 5.8%
7: 2.9%
8: 2.5%
9: 1.0%

(1.36) (1.42)

Observations Mean
(S.D.)% Breakdown

Table 1C     Descriptive Statistics for Childraising Characteristics

Variable Min Max

Control Treatment Control Treatment Control Treatment

Positive towards being a 
homemaker 2,379 2971 0.15 0.164 0 1

1: Agree that homemaker is as 
fulling as working for pay
0: Disagree homemaker is as 
fulling as working for pay

(0.35) (0.370)

Discrimination against women 
working 2,378 2975 0.78 0.751 0 1

1: Agree that men should 
work, women at home
0: Disagree that men should 
work, women at home

(0.42) (0.433)

Sharing housework with men 2376 2975 0.68 0.763 0 1
1: Agree that men should help 
out at home
0: Disagree that men should 
help out at home

(0.46) (0.425)

Preschool child suffers if mom 
works 2377 2976 0.24 0.219 0 1

1: Agree that child suffers if 
mom works
0: Disagree that child suffers if 
mom works

(0.43) (0.414)

Access to childcare (preschool) 1819 2454 0.50 0.272 0 1

1: Easy to enroll preschool 
child in daycare
0: Difficult to enroll preschool 
child in daycare

(0.50) (0.445)

Access to childcare 
(kindergarten) 1909 2471 0.81 0.707 0 1

1: Easy to enroll kindergarten 
child in daycare
0: Difficult to enroll 
kindergarten child in daycare

(0.39) (0.455)

% Breakdown Observations Mean
(S.D.)
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(1) (2) (3)

2000 2009 Combined 2000-2009

Skilled White Collar 0.473** 0.11 0.13

(0.22) (0.13) (0.18)
Prefer To Work Overtime: 
Spouse (0.02) (0.01) (0.04)

(0.03) (0.03) (0.02)
Preschool Child Suffers If Mom 
Works (0.02) -0.0574** (0.01)

(0.02) (0.03) (0.02)

Year Fixed Effects NO NO NO

Observations 241 1,090 923

R-squared 0.71 0.42 0.49

Table 2     Linear Probability Model Results (cont.)

Variables
(4)

Combined 2000-2009

(0.18)

YES

923

0.49

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

(0.01)

(0.02)

-0.0410*

(0.02)

0.13

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Treatment Treatment

Nearest Neighbor - 4 Nearest Neighbor - 4
ATE Treated Untreated ATT Treated Untreated

0.0915* 383 1208 0.0122** 383 1208
0.0489 0.037

Nearest Neighbor - 2 Nearest Neighbor - 2
ATE Treated Untreated ATT Treated Untreated

0.0760* 383 1208 0.132*** 383 1208
0.0432 0.0384

Nearest Neighbor - 6 Nearest Neighbor - 6
ATE Treated Untreated ATT Treated Untreated

0.109** 383 1208 0.0126*** 383 1208
0.0502 0.0363

Treatment Treatment

Normal Kernel Normal Kernel
ATE Treated Untreated ATT Treated Untreated
0.125 383 1208 0.118*** 383 1208

(0.03)

ATE Treated Untreated ATT Treated Untreated
0.123 383 1208 0.121*** 383 1208

(0.04)

Epanechnikov KernelEpanechnikov Kernel

Return to Work

N N

Return to Work

Return to Work

Propensity Score

Return to Work

Return to Work

Table 3     Matching Methods - Euclidean Distance and Propensity Score Matching 

Euclidean Distance
N N
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Oil and International Clout:
America’s clash in the United Nations General Assembly

Griffin Cohen
Georgetown University

Abstract

How does a world with $100 oil compare to one with $30 oil? The steep drop in oil prices from 2014 has 
created many effects, but what this change means for international affairs remains largely unexplored. In 
this paper, I examine how yearly changes in oil prices affect the international clout of states, particularly 
the United States. To capture changes in international clout, I examine voting coincidence with the United 
States in the United Nations General Assembly. By analyzing voting data from 1960-2012, as well as the 
role of voting blocs, namely the Group of 77, and the oil incomes of states, I find t hat o il p rices p lay a 
pivotal role in voting. In particular, I find the ability of the United States to win votes is inversely affected 
by oil prices, especially against Group of 77 states. My findings fill an important void in the international 
political economy of oil literature, offer new analysis on international power dynamics, and ultimately 
support the notion that a world with cheap oil should help the United States get what it wants.

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

123

PAGES 123-133



1. Introduction  
The collapse in world oil prices has put the global economy in disorder.  After recovering from the 2008 
financial crisis, world oil prices hovered around $100/barrel until mid-2014 when they fell off a cliff. With 
a growing influx of supply and weakening global demand, prices dropped 50 percent by January 2015, 
before resuming a decline to under $30 in early 2016.  
 
The collapse of the oil market has created major shockwaves. The drop has jolted world financial markets, 
uprooted country’s fiscal plans, and given consumers increased savings, just to name of few. But what does 
this collapse in oil prices mean for international relations between countries? In other words, how does a 
world with $30 oil compare to one with $100 oil in terms of international power dynamics?  
 
This broad question is the focus of this paper. In particular, I analyze how oil prices affect the international 
clout of the United States, using roll-call voting in the United Nations General Assembly (UNGA) from 
1960-2012 as a measure for international clout. Here, international clout represents the ability of countries 
to gain support from other countries. Support can be expressed in a number of ways, from forming coalitions 
and alliances to assisting militarily. I argue voting in agreement with a country in the UNGA is also a key 
sign of international support and thus use this measure to signify changes in clout. In short, my findings 
paint a world in which the international clout of the United States is inversely affected by oil prices: When 
oil prices are higher, fewer countries support the United States in voting (and vice-versa). Overall, my 
analysis discusses what the 2014 drop in oil prices may mean for international affairs, as well as fills an 
important void in the literature on the international political economy of oil and oil prices.    
 
This paper is arranged as follows. Section 2 highlights the main literature on the political economy of oil 
and UNGA voting. In Section 3 I discuss the theory behind my analysis. Section 4 introduces the data. The 
results of my analyses are discussed in Section 5, and Section 6 offers implications for my findings.    
  
2. Literature Review  
The main premise of my analysis rests on the importance and symbolism of UNGA voting. The ability to 
use UNGA voting to measure changes in foreign policy is well documented. Voeten (2012) discusses how 
UNGA voting has been used extensively to examine common interests between states, while Vengroff 
(1976), Moon (1985), and Hagan (1989) employ voting data to examine shifts in foreign policy and 
interests. Voting has also been used for a variety of other topics, from how regime changes impact foreign 
policy (Dreher and Jensen 2013), to examining the isolation of the U.S. on foreign policy issues on which 
it has lobbied (Voeten 2004), the cohesiveness of the European Union’s foreign policy (Drieskens 2010), 
how global preferences among states shifted before and after the Cold War (Voeten 2003), and the 
probability and severity of international conflict and disputes (Gartzke 1998, Oneal and Russett 1999, Reed 
et al 2008, Sweeney 2003).  
 
While voting has been used extensively, scholars recognize the complexity of using voting, especially 
noting the challenges in measurement and in identifying what a vote represents. On the challenges of 
measurement, Voeten (2012) focuses on the importance of taking into account changes in the voting agenda, 
which may impact year over year changes in aggregate agreement between countries. As a result, while 
vote coincidence is the standard measure, I also use an alternative measure of voting Ideal Points (from 
Bailey, Strezhnev, and Voeten 2013) to ensure that greater agreement (or disagreement) is not a result of 
changes to the voting agenda. Despite this challenge of quantifying year over year changes, Voeten (2012) 
still notes why roll-call voting is an effective measure of foreign policy, focusing on its extensive, well-
documented data; its concentration on global matters; and how it encompasses strategic international 
alliances and blocs.  
 
As for what a vote signifies, it is clear voting takes into account many factors beyond the substance of the 
actual vote topic. These notably include voting blocs (see Ball 1951; Lijphart 1963; Alker 1964; Alker and 
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Russett 1965; Mueller 1967; and Newcombe, Ross, and Newcombe 1970) and vote buying (see Carter and 
Stone 2011 and Vreeland and Dreher 2014). As I maintain Section 3, these added complexities actually 
improve voting as a measure of clout because voting is often less about actual substance of the votes and 
more about strategic relations between countries. Further, the occurrence of vote buying suggests that 
countries do substantively value votes and only adds to the notion that votes represent state preferences and 
strategic alliances. 
 
While no known research on how oil prices affect UNGA voting exists, oil and oil prices have been used 
to examine changes in international relations. The impact of being an oil-rich state or petrostate is especially 
well documented. Colgan (2010) finds petrostates engage in more militarized disputes, while Ross (2001), 
Lake (1992), and Andersen and Ross (2014) find that oil wealth hurts democracy. Domestically, Ross 
(2012) outlines how oil wealth can monopolize a country’s economy. Internationally, Ross and Voeten 
(2015) discuss how petrostates tend to be economically and socially assimilated but lack political 
integration, a term they call “unbalanced globalization.” 
 
Oil prices gain importance because they (often unexpectedly) magnify or diminish these effects of being an 
oil-rich state. This relationship, coined the “First Law of Petropolitics” by Friedman (2009), demonstrates 
that decreases in oil prices should be accompanied by increases in the pace of freedom and, internationally 
speaking, more sensitivity to how one’s country is viewed by others. The impact of oil prices on 
international affairs, however, typically has been explored indirectly: Prices affect domestic politics and 
economics, which in turn impact foreign policy. For example, Hendrix (2014) finds petrostates behave less 
aggressively militarily when oil prices are low. This argument rests on the notion that a drop in oil prices 
cuts government revenue for petrostates, leading to spending cuts, where leaders tend to decrease military 
spending first (Powell 1993).  
 
How oil prices affect international clout—both via domestic institutions and directly via international 
affairs—remains unexplored. It is this void which I aim to examine.  
 
3. Argument  
“International clout” can mean a variety of things, but at its core, international clout represents the ability 
of a country to gain support (tangible and intangible) from other countries. Clout then encompasses a 
country’s reputation, foreign policies, and most importantly strategic strength and bargaining power in 
international affairs. While clout may typically be impacted most by military force (the strongest countries 
can often exert their desires without great fear of backlash from weaker states), it can also be quite 
constructivist. In other words, countries with strong international clout can diplomatically gain support for 
their policies and goals, as others respect their policies and look to them for leadership.  
 
Because clout centers on gaining support, I argue it is both relative and zero-sum. A gain in clout for one 
country should also mean a loss in clout for those states in opposition. In particular, I argue the United 
States rests on one end of this spectrum, for its foreign policy goals tend to be unique. The United States is 
most likely opposed by major petrostates, which, for example, often have authoritarian governments and 
social policies that cast down women (see Ross 2008). As a result, I argue changes in oil prices should 
inversely affect the clout of the United States, and losses in clout for the United States should translate to 
gains in clout for major petrostates (and vice-versa). I believe changes in UNGA roll-call voting can capture 
this dynamic, but before turning to voting, I must first discuss why oil prices affect international clout.  
 
Oil prices affect international clout through two main avenues: via domestic economics and via 
international economic interdependence. Most directly, changes in oil prices impact government revenues 
especially for oil-rich nations. For these petrostates, drops in oil prices—which are often unexpected—

create a budget squeeze, in which spending cuts are necessitated. Often, military spending is easiest to cut, 
for governments would receive more domestic backlash for decreasing social spending (see Powell 1993). 
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Consequently, with less money and more focus on maintaining domestic support, petrostates under low oil 
prices should place less focus on international affairs. In contrast, with high oil prices and a stable domestic 
condition, leaders are more likely to seek international influence and improvements to their international 
status 
 
The second avenue is economic interdependence. While economic interdependence tends to push states 
towards greater international cooperation, petrostates often do not need to nor want to seek economic 
interdependence. The inelasticity of demand for oil provides petrostates with constant buyers (see Ross and 
Voeten 2015). Further, large petrostates tend to have economies that revolve solely around oil. One such 
cause of this monopolization is the “Dutch disease,” whereby inflows of foreign currency increase the 
domestic currency, making exports more expensive and internationally uncompetitive. As a result, oil 
exporters often do not need to seek economic interdependence, for they have only one main good to sell, 
oil, which is always in demand. This dynamic, however, shifts when oil prices are low: Petrostates must 
seek new ways to offset the drop in oil revenues and, as a result, have much greater incentives to seek 
economic interdependence. Here, international cooperation begins to matter, for how other states view these 
petrostates suddenly has economic implications. 
 
The translation of this dynamic to UNGA voting is relatively straightforward. I argue when a country’s 

international clout rises, it should see other countries vote in agreement with it more often. This effect is 
particularly strong for the United States, which places a great emphasis on voting as a signal for 
international support. Further, this process should be magnified by the fact that many states de-emphasize 
UNGA voting. Simply, many states care more about domestic economics and politics than international 
resolutions (and UNGA voting). A vote then may more so signal support for a particular state (which cares 
about the vote’s outcome) rather than an actual country’s opinion on an issue. As a result, UNGA voting 
can capture changes in key state’s influence or clout, making this an ideal outcome variable for clout.  
 
What should follow in terms of UNGA voting (and clout) is a “tug-of-war” between the United States and 
major petrostates. Under high oil prices, the United States has less international clout and as a result, should 
see a decrease in vote coincidence. In contrast, petrostates should gain more votes under high oil prices. 
(This dynamic reverses under low oil prices.) It is also worth adding that oil prices here are a strong 
predictor in that changes to the world price of oil are exogenous to voting and actually influenced by a huge 
equilibrium of factors. In other words, the price of oil is a strong experimental variable.  
 
In order to round out this analysis, I also examine the roles of UNGA vote topics, voting blocs, and vote 
buying. UNGA votes cover a range of topics, from colonialism to nuclear weapons. The magnitude of the 
effect of oil prices on voting should be greatest for controversial vote topics on which the United States and 
petrostates most oppose each other. Consequently, votes on human rights, for example, may see relatively 
large swings based on oil prices.  
 
Another key component of this argument is voting blocs. The mere presence of voting blocs indicates how 
voting is often less about the substance of issues and more about expressing support for key international 
leaders or blocs of countries. That said, voting blocs do make the analysis more difficult because a change 
in oil prices would be less likely to influence an entire bloc of countries than an individual country. The 
strongest bloc, The Group of 77 (G77), incidentally comprises a majority of the states that vote in the 
UNGA and rarely has any vote dissension. Further, the G77 is interesting in that it comprises many of the 
world’s largest petrostates. As a result, any analysis on oil prices and voting must take into account the G77 
bloc dynamic. In terms of how this bloc affects my analysis, I maintain the magnitude of oil’s effect should 

be magnified for states in the G77. In short, under high oil prices, the bloc should strengthen and align with 
the views of the major petrostates in the G77, but under low oil prices, some countries may deviate from 
the bloc vote.  
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Lastly, the role of foreign aid is worth analyzing. Vreeland and Dreher (2014) discuss how aid can be used 
to win votes, a tactic especially used by the United States. As a result, I argue under high oil prices, the 
United States will likely increase Official Development Assistance (ODA) to stabilize the loss of votes 
from the oil price effect. Here, I believe the United States will target more neutral countries (non-
petrostates), which may be more likely to change their votes. Additionally, the use of ODA should be more 
effective in gaining votes under high oil prices, because if oil prices are high, more countries will be voting 
in opposition to the United States (so there are more states or votes to win over).  
 
These factors collectively comprise the basis of my argument, which I now examine. 
 
4. Data    
Oil Data 

Country-year oil data are assembled by Ross (2012) and are originally sourced from the World Bank and 
British Petroleum Statistical Reviews. Oil price data are taken as the average world price of oil in each year 
from 1960 to 2012 in constant 2005 U.S. dollars. As a result, large intra-year fluctuations are minimized. 
(See Figure A1 in the Appendix.) I account for oil income per capita, computed as one plus the natural log 
of a country’s oil income divided by its population in a given year. I take the natural log to correct for a 
skewed distribution. Using a per capita measure focuses on the strategic importance of oil for that country. 
Further, this measure emphasizes the role oil wealth plays for a domestic economy, not what role a country’s 
production plays for the global market. From this “oil wealth per capita” variable, I generate an “oil 

producer” dichotomous indicator, coded “1” if a country-year has greater than 100 oil income per capita, 
as Ross (2012) uses. In total, about 25 percent of observations are considered oil producers. Also considered 
is oil exports (as a percent of total exports) and an “oil exporter” dichotomous indicator,1 which generally 
captures the same group as the oil income per capita measure.  
 
UNGA Voting Data  
My outcome variable—voting agreement with the United States—is taken from UNGA roll-call voting data 
from 1960 to 2012. The data are from Voeten, Strezhnev, and Bailey (2013). Here, I use two different 
datasets for UNGA votes. The first is a country-resolution dataset, such that each observation records how 
a country voted on a specific resolution. The second is a country-year dataset, such that each observation 
is an average of how a country voted in a given year. This dataset also included Ideal Point voting estimates 
from Voeten, Strezhnev, and Bailey (2013).  
 
The focus of my analysis is on voting agreement with the United States. In the country-resolution dataset, 
I use a dichotomous indicator if a country’s vote on a resolution matched the United States’ vote, including 

abstention. The second measure I use in the country-year dataset is the average voting agreement (or 
coincidence) between a country and the United States in a given year. I also use distance from the U.S. 
Ideal Point to measure voting agreement. The UNGA voting agreement measure is also grouped by vote 
topic. Here, votes are coded as being on topics of (1) human rights, (2) colonialism, (3) disarmament, (4) 
nuclear weapons, and (5) economics. I also include a measure for votes deemed “important” by the U.S. 

Department of State, used by Voeten, Strezhnev, and Bailey (2013). These votes were deemed important 
and were lobbied on by the U.S.  
 
For regression output that measures voting coincidence with the United States, coefficients represent 
percent agreement with the United States. For example, if the oil price coefficient is 0.05, then every dollar 
oil price increases is predicted to lead to five percent more agreement with the United States.   

 
Group of 77 Membership  

1 Coded as “1” if a country-year’s oil exports are greater than 10 percent of total exports. 
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Part of my analysis focuses on how the G77 affects the relationship between oil prices and voting 
agreement. Thus, determining which countries were G77 members at various points in time from 1960 to 
2012 is an integral part of the analysis. To do so, I assemble an estimated G77 membership list over time, 
something not known to exist in the literature. While the G77 formed in 1964, its size has grown from an 
original 77 members to well over 100 today. And since its commencement, countries have joined at various 
points (and a few have left). My membership time series is primarily based on G77 official documents 
organized by Ahmia (2008) and Suavant and Muller (1981). Other country-year estimations are based on 
G77 membership lists at various points in time (Williams 1991, Suavant 1981, Central Intelligence Agency 
World Factbook 1982-2014). While this membership time series is an estimation, it is a strong estimation 
and enables analysis of the G77 across time. Figure 1 presents this timeline, and Table A1-A and Table A1-
B in the Appendix give sources for each membership data point. 
  

Group of 77 Vote Cohesion  

As part of my analysis on the G77, I look at the strength of the group’s voting cohesion. To do so, I compute 
a “G77 average vote” for each resolution and then measure the difference  
between a specific country’s vote and the G77 average.2 I then compute yearly averages of distance from 
the G77 vote average, also breaking down this variable by UNGA vote topics.  
 
United States Official Development Assistance  

United States ODA is computed per year as both the nominal amount distributed by the United States and 
as a percent of the recipient country’s gross domestic product in that year. ODA data are from OECD 
(2015).  
 
Control Variables 

In my analysis I also control for net trade (% of GDP, taken from World Development Indicators 2015), 
GDP per capita (constant 2005 USD, taken from World Development Indicators 2015), and polity score (a 
-10 to 10 yearly discrete measure where -10 is the most autocratic and 10 is the most democratic, taken 
from Voeten and Ross 2012). All three variables capture different elements which may influence how much 
oil prices should impact voting.  
 
Table 1A provides summary statistics for the country-resolution dataset and Table 1B provides summary 
statistics for the country-year dataset. 
 
5. Results 
I first analyze trends in distance from the United States Ideal Point since 1960, for the following groups: 
(1) G77 countries, (2) Non-G77 countries, (3) oil producers, (4) non-oil producers. Figure 2, below, presents 
a matrix of these groupings.  

2 Votes are coded as follows: 1 for “no,” 2 for “abstention,” 3 for “yes.” Hence, if the G77 tended to vote 
“no” on a specific vote, a “yes” vote would be farther from the average than a vote of abstention.  
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Table 1A. Summary Statistics: Country-Resolution  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
 obs Mean min max p25 p50 p75 sd Var 

          
Nuclear (Dummy) 881,602 0.142 0 1 0 0 0 0.349 0.122 
Disarmament (Dummy) 881,602 0.170 0 1 0 0 0 0.376 0.141 
Human Rights (Dummy) 881,602 0.169 0 1 0 0 0 0.375 0.140 
Colonialism (Dummy) 881,602 0.161 0 1 0 0 0 0.368 0.135 
Economic (Dummy) 881,602 0.0889 0 1 0 0 0 0.285 0.0810 
Important Vote (Dummy) 510,247 0.129 0 1 0 0 0 0.335 0.112 
Oil Price ($/Brl) 669,696 35.08 7.879 82.56 20.0

1 
27.46 49.50 20.70 428.5 

Oil Exports (% of Total Exports) 487,989 0.123 0 1 0 0 0.010
6 

0.277 0.0769 

GDP per Capita (2005 US$) 669,691 8,657 50.04 158,80
3 

702.
9 

2,343 9,618 14,845 2.204e+0
8 

Trade (% of GDP) 641,435 75.667 0.308
8 

531.73 43.2
0 

65.315 97.14
7 

48.774 2378.99 

ODA from U.S. 897,641 29.45 -376 11,228 0 0 11.91 177.6 31,528 
ODA from U.S.  (% of recipient 
GDP) 

669,691 0.0557 -
0.171 

8.741 0 0.00025
8 

0.019
4 

0.308 0.0946 

Vote Coincidence with U.S. 654,026 0.261 0 1 0 0 1 0.439 0.193 
Oil Producer (Dummy) 669,443 0.249 0 1 0 0 0 0.433 0.187 
Oil Income per Capita (Nat. Log) 669,443 2.385 0 11.15 0 0.450 4.611 2.913 8.484 
G77 Consensus (Dummy) 813,158 0.791 0 1 1 1 1 0.407 0.166 
G77 Consensus (Human Rights, 
Dummy) 

146,865 0.671 0 1 0.53
8 

0.720 0.810 0.187 0.0348 

G77 Consensus (Economic, 
Dummy) 

76,016 0.853 0.400 1 0.80
0 

0.857 1 0.141 0.0198 

G77 Consensus (Disarmament, 
Dummy) 

146,161 0.808 0 1 0.73
5 

0.800 0.857 0.0975 0.00950 

G77 Consensus (Nuclear, Dummy) 120,648 0.845 0.167 1 0.77
8 

0.844 0.917 0.121 0.0146 

G77 Consensus (Colonialism, 
Dummy) 

128,345 0.816 0.412 0.952 0.72
7 

0.867 0.909 0.123 0.0150 

G77 Consensus (Important, 
Dummy) 

65,908 0.461 0.222 0.704 0.38
5 

0.500 0.571 0.145 0.0211 
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Table 1B. Summary Statistics: Country-Year  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
 obs mean min max p25 p50 p75 sd Var 
          
Distance from U.S. Ideal Point 8,180 -

2.610 
-4.960 0 -3.364 -2.791 -1.839 1.022 1.045 

Oil Price ($/Brl) 7,700 32.35 7.879 82.56 18.26 24.95 45.82 20.84 434.3 
Oil Exports (% of Total Exports) 5,874 0.118 0 1 0 0 0.00076

1 
0.273 0.0743 

GDP per Capita (constant 2005 US$) 7,930 8,580 50.04 158,80
3 

706.9 2,361 9,415 14,81
5 

2.195e+08 

Polity Score (democracy) 7,051 .3671
8 

-10 10 -7 -1 8 7.594
2 

57.6723T 

Trade (% of GDP) 7,607 75.34
8 

.3088 531.73
7 

43.98
4 

66.941 97.762 48.40
8 

2343.40 

ODA from U.S. 11,31
8 

29.97 -376 11,228 0 0 11 179.3 32,156 

Vote Coincidence with U.S. (Human 
Rights) 

7,635 0.268 0 1 0.062
5 

0.182 0.421 0.266 0.0710 

Vote Coincidence with U.S. (Economic) 7,406 0.156 0 1 0 0.0526 0.237 0.223 0.0498 
Vote Coincidence with U.S. (Nuclear) 7,392 0.328 0 1 0.111 0.273 0.500 0.264 0.0698 
Vote Coincidence with U.S. 
(Disarmament) 

7,498 0.348 0 1 0.176 0.312 0.471 0.231 0.0533 

Vote Coincidence with U.S. 
(Colonialism) 

7,621 0.125 0 1 0 0.0588 0.176 0.190 0.0362 

Vote Coincidence with United States 8,151 0.274 0 1 0.135 0.227 0.372 0.184 0.0338 
Vote Coincidence with U.S. (Important) 5,080 0.367 0 1 0.200 0.364 0.545 0.226 0.0512 
Oil Producer (Dummy) 7,696 0.239 0 1 0 0 0 0.427 0.182 
Oil Income per Capita (Nat. Log) 7,696 2.308 0 11.15 0 0.322 4.459 2.874 8.258 
G77 Average Vote Difference  5,424 0.170 0.0141 1.795 0.098

2 
0.129 0.192 0.131 0.0170 

G77 Average Vote Difference 
(Economic) 

5,024 0.098
6 

0 1.976 0.031
0 

0.0536 0.116 0.136 0.0186 

G77 Average Vote Difference (Human 
Rights) 

5,154 0.237 0 1.656 0.121 0.181 0.290 0.193 0.0372 

G77 Average Vote Difference 
(Colonialism) 

5,076 0.134 0 1.874 0.058
2 

0.0873 0.146 0.155 0.0239 

G77 Average Vote Difference (Nuclear) 4,920 0.145 0 1.826 0.071
4 

0.0963 0.156 0.140 0.0197 

G77 Average Vote Difference 
(Disarmament) 

4,980 0.142 0 1.662 0.079
9 

0.113 0.160 0.121 0.0145 

G77 Average Vote Difference 
(Important) 

3,587 0.307 0.0155 1.655 0.202 0.277 0.373 0.160 0.0256 
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Figure 2. Voting Versus United States: G77-Oil Matrix* 
 

 
 
 

 
 
 

*Closer to United States as y-axis increases; Red Line: Group of 77 Formation
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Resource Abundance and
Landlockedness: Double curse?

Corruption across Resource Types in Resource-Rich Landlocked Developing Countries

Dash Enkhbayar
Georgetown University

Abstract

Are certain commodities more likely to generate the so-called resource-curse? Given that resource abun-
dance as well as landlockedness usually lead to deteriorating economic and political institutions, are
resource-rich landlocked developing countries predisposed to a double curse? Examining different groups
of commodities separately and their impact on corruption in the aforementioned group of countries, this
paper finds that bulk and low-value commodities such as fuels and ores are more likely to induce higher
rates of corruption than agricultural produce as well as high value-added commodities such as gold and di-
amonds in resource-rich landlocked developing countries due to certain transmission channels and higher
transaction costs associated with former group of commodities that ultimately breeds corruption.
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1. Introduction  
Presidential hopeful Donald J. Trump stated, “one of the key problems today is that politics is such as 

disgrace, good people don’t go into government.”1 While Mr. Trump does have a record of making 
statements that are not fashionable to everyone, in this case, he actually makes an excellent point about the 
dangers of corruption.   
 
Corruption is one of the most complex, ubiquitous, and challenging issues in the world. It has the power to 
affect every sector, level, industry, region, institution and country across the world. It is also responsible for 
poverty, poor economic growth, violence and numerous other socio-economic challenges.  In the simplest 
way, corruption is defined as “using public office for private gain,” (Treisman, 1999) but the complexity of 
the issue cannot be overstated. Looking at the world today, we see that corruption is concentrated among 
certain countries and that there is significant variation among them, with resource-rich landlocked 
developing countries among the world’s most corrupt (Figures 1 and 2) while other developing countries 
seem to do much better. What is behind this gross dichotomy?  
 
One of the most common causes of deteriorating economic and political institutions is due to the so-called 
resource curse hypothesis. Sachs and Warner (1995) in their groundbreaking study of resource abundance 
and corruption laid the foundation that showed resource abundance is indeed a curse if it is not carefully 
managed (Sachs and Warner, 1995). Therefore, there is a conventional understanding that resource curse 
exists but the specific channels through which it operates remains widely debated. Commonly cited channels 
include the Dutch disease, limited diversification, rent-seeking, and transportation curse among others. 
However, what if the resource-rich country is landlocked? According to the World Bank, landlocked 
countries, on average, grow 1.5 percent slower than countries that have access to sea.2 So, does having 
resources and being landlocked a double ‘curse’?  
 
Resource curse exists, but no empirical work explicitly examines transaction costs associated with different 
types of natural resources in resource-rich landlocked developing countries (LLDCs). The overwhelming 
majority of empirical work on resource curse tends to aggregate all resources into one measure, often 
ignoring the different important impact various groups of commodities such as ores, crude oil and precious 
minerals might have on corruption. In other words, the existing literature treats all resources as if they are 
identical. Therefore, in this paper, I try to explore the differences between resource types and landlockedness, 
to see whether being landlocked and resource-rich is indeed a curse, which is surely an oversimplification 
and not plausible given the differences between types of resources that many scholars seem to overlook. This 
paper tries to fill this gap in the resource curse and landlockedness literature.  
 
The main puzzle of interest is the differences in corruption among resource-rich LLDCs. More specifically, 
do higher transaction costs associated with certain commodities lead to more corruption in resource-rich 
LLDCs? Which type of natural resources are more likely to incur higher transaction costs and lead to more 
corruption? While this paper tackles a very complex and especially broad, not one, but two topics – 
landlockedness and resource abundance – the focus is on the relationship between types of natural resources 
and transaction costs with regards to transportation costs that arise from cross-border transactions in 
resource-rich LLDCs, and its impact on corruption. I derive my motivation for this paper from the glaring 
differences between different types of natural resource endowments founds in LLDCs (e.g. diamonds in 
Botswana, copper in Mongolia and oil in Kazakhstan), and the question of do they exhibit differences in 
corruption due to variation in transportation costs (i.e. costs associated with exporting diamonds as opposed 
to exporting coal)? I hypothesize that resource-rich LLDCs that export low-value and bulk commodities such 
as fuel and ores are more likely to exhibit higher levels of corruption than resource-rich LLDCs that export 
high-value and precious commodities such as gold and diamonds as well as agricultural produce due to 
differences in transaction costs resulting from the variation in transportation methods that make one group of 

1 http://www.huffingtonpost.com/steve-young/we-must-take-trump-seriou_b_7661164.html. 
2 World Bank Report: Improving Trade and Transport for Landlocked Developing Countries. 
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commodities more susceptible to transit-specific bribes, ultimately leading to higher costs, decreased trade 
and increased corruption.  
 
In the next section (Section II), I conduct a comprehensive review of prior relevant literature on both 
landlockedness and corruption as well as resource abundance and corruption. Further, this section introduces 
the background of the unique challenges resource-rich LLDCs face. Section III contains the theoretical and 
empirical model as well as data analysis such as the dataset and operationalization of the main variables 
used. Section IV presents the empirical findings of the main regression, sensitivity analysis and initial 
analytical implications and discussion of the results. It also contains some discussion on limitations and 
further areas of study. Section VI provides more in-depth policy recommendation and finally concludes.   
 

Figure 1: Map of Landlocked Countries             Figure 2: Landlocked Resource-Rich*Countries 

 

 
 

       
 
 
 
 
 
 
 
 
 

Source: http://www.scidev.net.                                   Source: Author’s own table. 
 

Note: Resource abundance is defined a rents from natural resources exceed 5% of Gross Domestic Product (GDP) as 

found in conventional empirical literature. Moreover, a country is resource-rich if resource exports constitute at least 

25% of total exports according to the IMF. This paper uses both definitions to identify 24 resource-rich LLDCs.  

 
2. Literature Review 
As mentioned in Section I, this paper attempts to establish a theoretical link between geographical 
landlockedness and corruption, as well as resource abundance and corruption to finally interlink 
landlockedness and resource abundance with corruption. In doing so, it aims to both help policymakers 
formulate targeted solutions to the unique problems faced by resource-rich LLDCs, and also to contribute to 
the natural resource literature. Given the complexity and interdependence of the aforementioned topics, a 
review of the literature on both subjects is necessary. First, resource curse, then secondly landlockedness, 
both as a subcategory of corruption, and third, the potentially inflated impact of being resource-abundance 
and landlockedness on corruption.  
 

2.1. Resource Abundance and Corruption 
The finding that natural resources are a curse rather than a blessing may seem paradoxical at first and has led 
to an extensive literature on the subject. One of the main hypotheses put forward is that natural resource 
abundance creates numerous opportunities for rampant corruption (Leite and Wiedmann, 1999; Sala-i-Martin 
and Subramanian, 2003; Isham, 2005). Ades and Di Tella (1999) present a theoretical model which predicts 
that resource rents and rents induced by a lack of product market competition foster bureaucratic corruption, 
as well as evidence that corruption increases in the proportion of total exports accounted by fuel, minerals 
and metals (Ades and Di Tella, 1999). In his broad cross-country study, Treisman (2000) shows that this 
proportion is a robust determinant of corruption, and that this in turn lowers growth (Treisman, 2000).  
 
Leite and Weidmann (1999) show that natural resource abundance creates opportunities for rent-seeking 
behavior and is an important factor in determining a country’s level of corruption (Leite and Weidmann, 
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1999). They explain that the issue of corruption is particularly relevant in the context of resource abundance, 
as natural resource exploration is an extremely high rent activity that is likely to foster rent-seeking behavior. 
This associated increase in rent-seeking opportunities may help explain Sachs and Warner’s (1995) finding 
of a negative relationship between natural resource abundance and long-run economic growth (Sachs and 
Warner, 1995). Bhattacharyaa and Holder (2009) use a game-theoretic model and predict that resource rents 
lead to an increase in corruption if the quality of the democratic institutions within a country is relatively 
poor, but not otherwise (Bhattacharyaa and Holder, 2009). Kolstad and Søreide (2009) state that corruption is 
the main reason behind resource-rich countries’ poor economic performance (Kolstad and Søreide, 2009). 
They further state that corruption in resource-rich countries takes two main forms, rent-seeking and 
patronage (Kolstad and Søreide, 2009). Resource rents induce rent-seeking as individuals compete for a 
share of the rents rather than use their time and skills more productively. While resource revenues induce 
patronage as governments pay off supporters to stay in power, resulting in reduced accountability and an 
inferior allocation of public funds.  
 
At present, the existing empirical work on resource abundance and corruption has overwhelmingly 
aggregated all resources into one measure and derive their hypothesis based on the grouping of very diverse 
and different resources. For example, the impact of copper mining cannot be the exact same as that of 
diamond mining or silver extraction from crude oil production. A small subgroup of resource curse literature 
addresses these issues. Isham et al. (2005) show that countries dependent on “point source” natural resources 

such as those extracted from a narrow geographic or economic base like oil and minerals are predisposed to 
heightened economic and social divisions and weakened institutional capacity (Isham, 2005).  However, 
countries that depend on “diffuse” natural resource exports such as agricultural produce do not show the 
same strong negative effects. Moreover, Sala-i-Martin and Subramanian (2003) find that oil and minerals 
exert a negative and nonlinear impact on growth via their deleterious impact on institutional quality, but they 
solely focus on Nigeria (Sala-i-Martin and Subramanian, 2003). Aslaksen (2007) also finds that oils and 
minerals increase corruption (Aslaksen, 2007).   
 
Existing empirical literature on resource abundance and corruption can be divided into three main channels 
of causation. First, natural resources generate rents which incentivizes rent-seeking behavior, whose adverse 
manifestation is felt through political economy effects and to increased corruption (Lane and Tornell 1995), 
which adversely affects long-run growth. In other words, this can be classified more broadly as the 
institutional impact of natural resources Secondly, natural resource ownership exposes countries to volatility, 
particularly in commodity prices, which could have an adverse impact on growth through an increase in 
fertility. Finally, natural resource ownership makes countries susceptible to, perhaps the best-known type of 
resource abundance consequence – the Dutch Disease, the tendency for the real exchange rate to become 
overly appreciated in presence to positive shock that leads to a contraction of the manufacturing and trade 
sector. The focus of this paper is on the first channel of causation.  
 
However, as stated before, the main causal mechanisms of natural resource abundance are still widely 
debated. Hausman and Rigobon (2002) state that the current understanding of natural resource is as follows: 
“The concern that natural resource wealth may somehow be immiserating is recurring theme in both policy 
discussions and in empirical analysis. The empirical regularity seems to be in the data but understanding its 
causes has been a much harder task” (Hausman and Rigobon, 2002).  
 

2.2. Landlockedness and Corruption  
The existing empirical work on landlockedness and corruption is much less extensive than that of resource-
abundance and corruption. However, there is still an established causal mechanism between landlockedness 
and weak institutions. What is it exactly about landlocked countries that sets them apart from those with 
access to the sea? Essentially, it is the need to cross into another country’s borders in order to gain access to a 

seaport and global markets, since shipping is the primary mode of transport for international trade. Thus, if 
landlockedness directly affects corruption beyond indirect methods such as decreasing trade and growth, it 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

137

PAGES 134-147



does so as a direct result of the need of landlocked countries to pass through its neighbors in order to engage 
in trade and export its goods.  
 
Scholars recognize that transit trade is highly vulnerable to corrupt rent-seeking activities, specifically, 
“facilitating payments” and the like at border posts and other bottlenecks, and that this may be one of the 
most important reasons for the unnaturally inflated transit costs present in LLDCs (Arvis, 2007). According 
to the World Bank, logistics costs make up, on average, about 30 percent of LLDC’s GDP, more than twice 

that of maritime developing countries.3  
 
Based on the prior literature that attempts to explain transit trade’s cross-border bribe payments, as well as 
the literature on transit problems faced by LLDCs, we see that higher levels of corruption are experienced by 
LLDCs due to the necessity of transiting through other countries, and that this relationship manifests itself in 
a direct transit-specific channel stemming from the necessity of paying bribes to clear border processing at 
home and in its neighboring country through which the goods must be transported across. Moreover, the 
dependence of LLDCs on transit countries should incentivize border officials in both countries to increase 
regulations in order to create more opportunities for bribe-soliciting. In addition, lower trade and 
consequently decreased growth ultimately increases corruption (Treisman, 1999). Therefore, given these 
constraints faced by just landlocked countries, resource-rich LLDCs whose economies are primarily based on 
exporting commodities must face even higher costs.  
 
Essentially, the problem LLDCs face is having to pay bribes due to unnecessary overregulation. For 
example, exporting/importing a product requires the clearance of several bureaucratic hurdles at critical 
checkpoints, most notably at border crossings. This process is radically different in developed countries 
where it is much quicker. According to Figure 3, which presents the number of documents that are to be 
obtained and submitted to the relevant authorities along with payment of customs duties or guarantees, 
LLDCs are at a serious disadvantage. For reference, number of documents required in developed countries 
according to the UN (not shown in the figure) is, on average, 4.5. Whereas for LLDCs, this is a completely 
different scenario. Since all of these documents are mandatory, each public official has the power to delay 
clearance, creating an excellent opportunity for rent-seeking activity (Faye, 2004).  
 
This unnecessary and blatant overregulation undoubtedly decreases trade, increases transit costs and leads to 
more corruption demonstrated by using Figure 3 as a proxy for the total extent of rent-seeking or bribe-
soliciting at border crossings. According to UN, maritime “developing” countries, on average, require 7.3 

number of documents, higher than both low and high transaction cost resource-rich LLDCs. More 
specifically, there is also a significant gap between the number of required documents to import between low 
and high transaction cost resource-rich LLDCs, like the hypothesis predicted.  High transaction resource-rich 
LLDCs, or group of countries that export low-value bulk commodities, on average, require at least 10.3 
documents to import, sometimes even going up to 17. In contrast, low transaction resource-rich LLDCs, on 
average, require only 7.7 documents to import. This offers an insightful illustration of the burden of cross-
border trade and corruption associated with it in the form of excessive regulation and bribe-taking. 
 

 

 

 

 

 

 

 

 

 

3 World Bank Report: Improving Trade and Transport for Landlocked Developing Countries. 
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Figure 3: Documents Required to Import by High and Low Transaction Resource-Rich LLDC 

 

 
Source: World Bank.4   
 

2.3. Landlockedness, Resource abundance, and Corruption  
As mentioned previously, cross-border trade in LLDCs is especially vulnerable to rent-seeking agents and 
activities, such as facilitating payments and other bottlenecks that increase transit costs in LLDCs. 
Essentially, cross-border activities in LLDCs require bribes to go through the border both in the home 
country as well as the neighboring country through which the goods are transported to reach the global 
markets, incentivizes border agents to seek rents. Given that resource exports are logistically complicated 
and need sufficient transportation infrastructure in order to effectively reach the global markets, this paper 
gives special attention to another channel through which the resource curse hypothesis operates: 
transportation costs. Transaction costs naturally increase in resource-rich LLDCs due to everything from 
mining exploration to especially exporting commodities through freight truck, railway wagon, pipelines or 
air freight. Regardless of the method of transportation, transit costs will necessarily be higher.  
 
However, resource-rich LLDCs face a unique challenge in that, as we have already seen, transit trade is 
highly vulnerable to corruption. Therefore, some methods of transportation that rely more on transit trade and 
more often participate in cross-border activities will face unnaturally inflated transit costs. Figure 3, the 
number of document required per shipment to import goods, serves as a proxy for exporting goods for those 
countries and show the difference between low and high transaction resource-rich LLDCs. These documents 
are required for clearance by government ministries, customs authorities, port and container terminal 
authorities, health and technical control agencies and banks are taken into account. This simple data already 
affirms the hypothesize of this paper – that some commodities face higher transaction costs due to different 
modes of transportation.  
 
According to the U.S. Bureau of Transportation Statistics, bulk and low-value commodities were primarily 
“transported by rail and truck modes.” Bulk cargo is commodity cargo that is transported unpackaged in 
large quantities such as crude oil and coal. The major commodity groups shipped in bulk are metallic ores 
and concentrates, coal, crushed stone, and natural sands. Essentially, bulk and low-value commodities are 
commodities that weigh more, require heavier transportation modes that cross national borders more often 
and are cost less per unit of measurement. Precious and high-value commodities were “primarily transported 

4 World Bank Data: Documents to import (number). More information available here: 
http://data.worldbank.org/indicator/IC.IMP.DOCS.  
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via air, promoting quick delivery.”5 Commodity groups shipped by air are generally considered to be high-
value added commodities that do not require as many border crossings as low-value commodities and incur 
lower transaction costs. Therefore, one might wonder, given the differences in the method of transportation 
required by different commodities, which ones are more likely to incur higher transaction costs due to the 
aforementioned reasons. Transaction costs, which are costs related to non-price costs of making a 
commercial exchange such as costs incurred through handling, transport, storage, processing, packaging 
among others, must be higher for bulk and low-value commodities due to their reliance on cross-border trade 
and method of transportation (OECD).  
 
3. Data Analysis: Theoretical and Empirical Model 
 

Figure 4: Independent-Variable Driven Hypothesis 

 
Source: Author’s own table. 
 

3.1. Methodology  
The main explanatory variable of my study is transaction costs, which is a dummy variable that equals to one 
if a resource-rich LLDC exports high transaction cost commodity and zero if it exports low transaction cost 
commodity. The assumptions of whether a commodity is high or low transaction cost is carefully analyzed 
and implemented. As mentioned in the literature review, firstly, commodities’ transaction costs are 

determined by its weight and cost per unit according to the U.S. Department of Transportation Bureau. 
Moreover, high transaction cost commodities are classified as such according to US Bureau of 
Transportation Statistics which classifies commodities that are predominantly transported via freight truck 
and train. Similarly, precious high-value added minerals are classified as low transaction cost due to their 
method of transportation via air freight and parcel shipments. In addition, in order to further solidify my 
assumptions, I also use Isham’s et al. (2005) study that classify ores and metals into corruption inducing 
commodities while agricultural produce as having no such effect (Isham, 2005).  
 
For clarification, the 24 resource-rich LLDCs are classified into two groups: high and low transaction cost 
(Figure 2). Commodities such as copper, coal, crude oil and other similar ones are classified as high 
transaction. Gold, silver, diamonds and agricultural produce are classified as low transaction cost.  
 
Other independent variables that measure corruption are derived from Svensson (2003) and Alaimo’s (2009) 

work (Alaimo, 2009; Svensson, 2003). Svensson (2003) measures corruption at the firm level by examining 
quantitative data on bribe payments by Ugandan firms (Svensson, 2003). The hypothesis is data-driven and 
the conclusion is based on the patterns stemming from the data. Corruption is measured by the amount of 
regulation across industries called “Control Rights” hypothesis, and by the bargaining position of the firm in 

which the firm’s ability to pay bribes plays a vital role called “Bargaining Power” hypothesis (Svensson 

2003).  
 
Alaimo, et al. (2009) uses Svensson’s foundation to further develop the conceptual framework with a similar 
empirical approach by adding to Svensson’s two hypotheses an additional hypothesis called “Grease the 

5 Bureau of Transportation Statistics: U.S. Freight on the Move: Highlights from the 2007 Commodity Flow Survey 
Preliminary Data. 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

140

PAGES 134-147



Wheels” which refers to when firms are not victims but actively partake in corruption in order to speed up 
procedures or avoid red tape (Aliamo, 2009; Svensson, 2003).  
 

3.2. Data Analysis  
The data used is from the World Bank Enterprise Survey (WBES). WBES provides firm-level data from over 
135,000 establishments in 135 countries. Data are used to create over 100 indicators that benchmark the 
quality of the business environment across the globe. Each country is surveyed every 3 to 4 years and contain 
about 250 observations. I use 2009 data for 24 countries in my study (Table 6). I have a total of 7,980 
observations. 
 
The overwhelming majority of literature on corruption focuses on use of perception, the most famous one 
being the Transparency International’s (TI) Corruption Perceptions Index (CPI). However, perception 
measurements are questionable in terms of validity and reliability as they often are a victim to perception 
bias. Thus, developing and using tools to effectively measure corruption from an empirical perspective is 
relatively new in the literature (Polner and Ireland 2010) and is the motivation behind using firm-level data. 
WBES is not as susceptible to perception bias as TI’s measurement of corruption and firm-level empirical 
data is not vulnerable to many endogeneity concerns related to macroeconomic level measurements and data.  
 
As previously mentioned, there are 24 number of countries included in this paper. While there are 26 
landlocked resource-rich LLDCs in the world, due to problems obtaining data for South Sudan and 
Turkmenistan, they have been omitted from this study. Out of 24 landlocked resource-rich developing 
countries, 11 are classified as high transaction due to the type of commodities they export and the remaining 
13 are classified as low transaction, again due to the type of commodities they export. For instance, a country 
such as Mongolia that predominantly exports copper or Kazakhstan that exports crude petroleum has been 
classified as high transaction while a country such as Botswana that exports gold and diamonds or Paraguay 
that exports soybeans has been classified as low transaction.  
 
Due to the complexity of the link between certain commodities and transportation costs which are inflated 
due to overregulation across borders, this assumption is explained more in-depth. The transaction costs in 
this paper was determined based on two distinct sources. Firstly, there has been some consensus in the 
resource-curse literature that countries dependent on point source natural resources such as those extracted 
from a narrow geographic or economic base like oil and minerals are predisposed to heightened economic 
and social divisions as well as weakened institutional capacity. However, countries with natural resource 
exports that are diffuse such as those that rely on livestock and agricultural produce do not show the same 
strong effects (Isham, 2005). Secondly, according to the U.S. Department of Transportation Bureau, precious 
commodities tend to be lighter and more valuable than bulkier commodities, thus allowing it to be 
transported via different transportation methods such as how Botswana exports its diamonds via air freight, 
effectively avoiding the burdens associated with cross-border transactions and transit costs. 
 
To summarize a very complex theoretical link: countries that export low-value, bulkier and heavier 
commodities that are less valuable per unit of measurement than high-value and precious commodities 
necessarily require heavier transportation methods such as freight trucks and freight trains and will encounter 
more border officials and thus are susceptible to paying more bribes, effectively increasing corruption in that 
country.  
 

3.3. Econometric model 
The following econometric model replicates Alaimo’s (2009) methodology with some modifications 
(Alaimo, 2009). Firms with more contact with the government (public), firms that are less profitable (bank) 
and firms that have less trust in the court system (court) are more likely to pay bribes and increase 
corruption. X is a vector that includes country and industry fixed effects. This is the baseline regression 
econometrics model used in this paper and it is a probit model where the dependent variable is the incidence 
of corruption or bribe and the main independent variable is a dummy transaction:  
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Pr(bribe) = β0 + β1trans + β2public + β3bank + β4court + Χc, i + ε 
 

Bribe is the dependent dummy variable that represents nine measures of corruption. Public is a dummy 
variable includes four measures of “Control the Rights” hypothesis which tests quantity and quality of 

interaction with public officials, bank is a dummy variable that states the “Bargaining Power” hypothesis 

which measures a firm’s access to credit based on five measures. Court is the “Grease the Wheels” 

hypothesis which measures if the court system is fair, impartial and uncorrupt as well as level of trust in the 
court’s enforcement power based on two measures. All variables in the model are dummy. Χc, i  represents a 
vector of firm controls and c, i, s, e  measure country and industry fixed effects and size as well as exporters, 
respectively. Finally, ε captures any unobserved effects (error term). 
 
Since the outcome of interest is a binary variable, I run a probit regression as well as dprobit for 
interpretation. dprobit looks at the estimates of the marginal probability effects of explanatory variables in 
probit models. I also conduct an OLS regression for sensitivity analysis and receive similarly robust results. I 
chose to utilize firm-level data because of the number of issues and limitations of cross-country time-series 
data such as multitude of endogeneity issues. This paper’s firm-level micro approach is data-driven, not 
overwhelmingly perceptions-based. 
 
Before delving into the main regressions, running a simple t-test demonstrates that there is indeed a 
statistically significant difference between low and high transaction cost resource-rich LLDCs in terms of 
their corruption levels at the 5 percent significance level (Table 8), indicating that high transaction cost 
resource-rich LLDCs pay more in bribes.  
 

Figure 5: Transparency International’s Corruption Perception Index (2014) 

 
Source: https://www.transparency.org/country. 
 
Figure 5 fulfills the role of demonstrating that there is indeed variation among resource-rich LLDCs in terms 
of corruption. As the tone of the red color darkens, corruption in that country increases. Accordingly, Central 
Asian countries of Uzbekistan, Turkmenistan and Kyrgyzstan are especially corrupt while countries such as 
Bhutan and Bolivia perform markedly better. In Africa, Botswana as well as Lesotho, both low transaction 
countries, also perform better. While this paper analyzes firm-level data to investigate corruption, 
Transparency International’s map serves to provide a link between firm-level and country-level account of 
corruption and finds similarity.  

 
 

4. Empirical Findings and Sensitivity Analysis   
The first regression is a probit model with dprobit measures. The dprobit measures look at the estimates of 
the marginal probability effects of explanatory variables in probit models. In all specifications, country and 
industry fixed effects are hidden due to space constraints. 
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Columns 1 and 2 measure the Control Rights hypothesis and show statistically significant results signifying 
that firms in resource-rich LLDCs that interact more with public officials tend to pay more bribes. Columns 3 
and 4 also display statistically significant results for the Bargaining Power hypothesis, meaning that firms in 
resource-rich LLDCs that are less profitable actually pay more bribes, but the results are economically 
insignificant. Columns 5 and 6, which measures the Grease the Wheels hypothesis, demonstrate that firms 
that believe the court system is unfair tend to pay more bribes. This is expected as firms that have less faith 
in the judicial system are more inclined to “grease the wheels” to successfully maneuver through 

bureaucratic hurdles and red tape.  
 
Finally, columns 7 and 8 include all three hypotheses and control for the size of the firm as well as whether 
the firm is foreign-owned or not and whether it is an exporting firm or not. These two columns, the 
transaction cost dummy variable is statistically and economically significant, as expected and theorized in 
this paper. According to column 8, we see that firms with more interaction with public officials are 14 
percent more likely to pay bribes. Firms that are more profitable are 3 percent less likely to pay bribes due 
their bargaining power with public officials. Moreover, firms that believe the court system is fair are 3 
percent less likely to pay bribes. The main explanatory variable of transaction as well as measures of 
corruption are all statistically significant as well as economically significant.  
 
The results, most importantly, show that high transaction cost commodity such as ores and fuel exporting 
LLDCs are 25 percent more likely to pay bribes than low transaction cost commodity such as precious 
minerals and agricultural produce exporting resource-rich LLDCs. It is also crucial to note that the empirical 
findings demonstrate the results of all firms surveyed by the WBES data, not only firms operating in the 
extractive industry space. Although the regressions include industry fixed effects, they are measuring the 
spillover effects of bribe-paying and corruption. Therefore, this is not a direct measure of mineral exporters 
but rather a proxy.  Regardless, this is not a major limitation as the intuition and the fundamental conception 
of the hypothesis does not change since these measurements are of all firms operating in the country and is 
essentially indirectly measuring corruption in that country.  
 

Table 1: Corruption by Low / High Transaction Resource-Rich LLDCs  
 (1) (2) (3) (4) (5) (6) (7) (8) 

Bribe Probit 
Marginal 
Effects Probit 

Marginal 
Effects Probit 

Marginal 
Effects Probit 

Marginal 
Effects 

         
Public 0.535*** 0.151***     0.518*** 0.142*** 

 (0.0376) (0.0112)     (0.0403) (0.0118) 
Bank   -0.205*** -0.0544***   -0.144*** -0.0370*** 

   (0.0371) (0.0100)   (0.0378) (0.00989) 
Court     -0.168*** -0.0438*** -0.129*** -0.0324*** 

     (0.0381) (0.00980) (0.0413) (0.0103) 
Trans 0.896*** -0.163*** 0.886*** 0.261*** 0.899*** -0.167*** 0.927*** 0.257*** 

 (0.159) (0.0390) (0.149) (0.0300) (0.156) (0.0392) (0.152) (0.0302) 
Medium 0.0135 0.00352 0.0784 0.0209 0.0588 0.0159 0.0379 0.00975 

 (0.0497) (0.0130) (0.0512) (0.0140) (0.0487) (0.0134) (0.0522) (0.0136) 
Large -0.0489 -0.0125 0.00977 0.00255 0.0573 0.0155 -0.0783 -0.0193 

 (0.0657) (0.0164) (0.0680) (0.0178) (0.0642) (0.0177) (0.0699) (0.0166) 
Foreign -0.0174 -0.00449 -0.00192 -0.000499 0.00889 0.00236 -0.0250 -0.00629 

 (0.0503) (0.0129) (0.0518) (0.0134) (0.0496) (0.0132) (0.0524) (0.0131) 
Export -0.0342 -0.00878 0.00776 0.00202 0.0213 0.00570 -0.0435 -0.0109 

 (0.0646) (0.0164) (0.0667) (0.0174) (0.0632) (0.0170) (0.0685) (0.0168) 
Observations 7,980 7,980 7,275 7,275 7,980 7,980 7,275 7,275 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Country and industry fixed effects are hidden 
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Next, I conduct another probit regression that only measures public firms. Results in Table 1 regression were 
exclusively for private firms as that is the main focus of WBES data since interviews with representatives 
from public firms are not likely to truthfully report bribe-taking. Moreover, there is no reason for government 
officials to solicit bribes from public firms. The following results confirm that all the important explanatory 
variables are economically as well as statistically insignificant expect for the bank variable, but it is only 
significant at the 10 percent level indicating that it can be safely disregarded.  
 

Table 2: Corruption by Low / High Transaction Resource-Rich LLDCs for Public Firms 
  (1) (2) 
Bribe 
 

Probit 
 

Marginal Effect 
 

Trans 1.474 0.0185 
 (0.940) (0.229) 

Public 0.0245 0.00535 
 (0.431) (0.0946) 

Bank -0.939* -0.260* 
 (0.485) (0.154) 

Court  -0.112 -0.0246 
 (0.431) (0.0948) 

Medium -0.561 -0.106 
 (0.390) (0.0706) 

Large -1.243 -0.163*** 
 (0.776) (0.0597) 

Foreign -0.496 -0.0968 
 (0.622) (0.115) 

Export 0.512 0.136 
 (0.829) (0.253) 

Observations 89 89 
Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
Country and industry fixed effects are hidden 

 
In order to examine the robustness of the results in the probit regression, standard OLS regression model is 
presented with the same variables. This is to analyze how certain the core regression coefficient estimates 
behave (namely, transaction and three measures of corruption) when the regression model changes. From 
column 4 in the OLS regression below, we see that the coefficients indeed are plausible and robust, which 
serves as an evidence of structural validity. While the transaction variable is statistically significant at the 5 
percent level as opposed to 1 percent level in the probit regression, it is still justifiable to assume that ores 
and metal exporters or high transaction cost resource-rich LLDCs are more corrupt. The results are robust 
and economically significant as well. Since both the outcome of interest as well as the explanatory variables 
are binary, we cannot directly interpret the results from the OLS regression below because it is not a linear 
relationship. In summary, the OLS regression confirms the validity of my findings.  
 

Table 3: OLS Regression for Sensitivity Analysis   
  (1) (2) (3) (4) 
Bribe OLS OLS OLS OLS 
          
Public 0.144***   0.136*** 

 (0.0106)   (0.0112) 
Bank  -0.0523***  -0.0356*** 

  (0.00960)  (0.00953) 
Court   -0.0406*** -0.0276*** 

   (0.00938) (0.00968) 
Trans -0.195*** 0.0696* -0.201*** 0.0922** 
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 (0.0454) (0.0372) (0.0462) (0.0373) 
Medium 0.00402 0.0226* 0.0166 0.0109 

 (0.0127) (0.0133) (0.0128) (0.0133) 
Large -0.0102 0.00625 0.0174 -0.0168 

 (0.0165) (0.0169) (0.0165) (0.0169) 
Foreign -0.00318 -0.00169 0.00111 -0.00491 

 (0.0125) (0.0131) (0.0127) (0.0128) 
Export -0.00733 0.00112 0.00521 -0.00974 

 (0.0165) (0.0173) (0.0166) (0.0172) 
Observations 8,006 7,300 8,006 7,300 
R-squared 0.141 0.130 0.119 0.152 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Country and industry fixed effects are hidden 

 
As for some limitation, although the regressions indicate the importance of treating different types of natural 
resources separately when examining the resource curse hypothesis, these results group ores and metals 
together due to their similar nature of transportation method when it comes to resource-rich LLDCs. Both are 
predominantly exported via freight train and trucks. Large scale oil pipelines do not significantly contribute 
to transportation method for oil exporters except in the case of Kazakhstan and, to some extent, Chad. Thus, 
distinguishing between oil and ore commodities might offer some more interesting insight. Moreover, 
agricultural produce such as soybeans (Paraguay) or coffee (Ethiopia) are classified as low transaction cost 
commodities due to two reasons. Firstly, because they are not as heavy and bulky as coal, copper or iron ore 
and thus require less extensive transportation and costs. Secondly, previous literature by Isham et al. (2005) 
has empirically shown that agricultural produce does not produce the same corruption inducing effect as oil 
and ores (Isham, 2005). However, the classification of agricultural produce in this paper is mostly based on 
previous empirical work. Examining agricultural commodities separately might also offer an interesting 
finding.  
 
6. Policy Implications and Conclusion  
To summarize, this paper hypothesized that resource-rich LLDCs that export bulk, low-value commodities 
face higher transaction costs and more corruption than resource-rich LLDCs that export precious and high-
value commodities. The higher transaction costs incurred are due to the necessity of transiting through 
borders, which are highly susceptible to rent-seeking agents. As a result of the method bulk, low-value 
commodities are exported, such as by freight trucks and trains, this necessarily requires more cross borders 
activity and with more quantity of goods. Thus, transaction costs are high because of necessity of paying 
bribes to clear border processing and dependence on usually corrupt neighbors’ infrastructure. However, we 

have seen that this relationship is not as severe in the case of precious, high-value commodity exporters as 
they don’t need to interact with border officials as often as the bulk, low-value commodity exporters since 
most of their shipments can be transported via air freight as well as because the high-value added 
commodities don’t need to be exported in huge chunks by numerous trucks or trains.  
 
From the results, we see the resource curse is even more complicated than previously thought. Carefully 
designed policy implications are needed for different cases, not the usual “one-size fits all” recommendations 

such as outward orientation, macroeconomic stability, human capital accumulation, strong economic and 
political institutions. The findings of this paper highlight the vital importance of treating different types of 
natural resources separately when addressing the resource curse hypothesis. We see that fuel and ores, which 
are bulk and low-value commodities, induce higher transaction costs and are more susceptible to rent-seeking 
activities and corruption, meaning that they could be a ‘curse’ while precious high value commodities and 

agricultural produce could be a ‘blessing.’ 
 
Resource-rich LLDCs that export high transaction cost commodities should take extra steps to ensure that its 
institutions are not worsened due to the nature of the commodity found in its landmass. This step could be 
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joining the Extractive Industries Transparency Initiative6 (EITI), which seeks to uphold financial 
transparency and improved governance in the extractive industry for its members. Although high transaction 
resource-rich LLDCs face more challenging and complex problems, all resource-rich LLDCs should make an 
effort to join EITI in order to ensure that the country is on a secure development path. Moreover, the 
international community should reform its aid structure, specifically to more corrupt resource-rich LLDCs. 
For example, the World Bank has placed institutional conditions on the use of resources from the oil pipeline 
that they are helping finance in Chad. Perhaps similar conditions should be placed in other countries. 
Furthermore, enacting even stricter measures such as requiring certain resource-rich LLDCs that export low-
value, bulk commodities to publicly disclose all revenues and expenditures associated with natural resource 
rents might be advantageous.  
 
According to Leite and Weidmann (1999), institutional building such as improving monitoring technology, 
tends to be more effective in less developed countries while stricter enforcements such as increases in 
penalties are more effective in more developed countries (Leite and Weidmann, 1999). Thus, in addition in 
requiring greater transparency and setting up conditions to provide international aid to resource-rich LLDCs, 
more direct focus needs to be placed assisting in the establishment of strong institutions. Currently, it seems 
that the root of the problem is often being ignored, and resource curse is treated with a temporary fix since 
inadequate institutions, regardless of the amount of aid or transparency, will always provide subpar results 
and negative impact the development of a country.  
 
It is important to note that the relationship between resource abundance and corruption is extremely 
complicated and with the addition of landlockedness, making any general claims about whether or not some 
resource-rich LLDCs are worse off simply due to higher transaction costs is inconclusive and not final. More 
research needs to be done considering other mechanisms through which resource rents coming different 
resources affect economic and political development.  
 
However, it is safe to say that landlocked countries face high transport costs and have limited access to 
global markets. As a result, landlocked countries must depend on their neighbors and on the existing regional 
infrastructure. This dilemma is heightened when the landlocked country is resource-rich, making it 
absolutely reliant on its neighbors to participate in global trade. This issue might be mitigated if the economy 
is more focused on service exports, such as Switzerland even though this is comparing “apples to oranges” 

due to the numerous regional integrations in the European Union which makes Switzerland a special case. 
However, the main point is that service exports are not likely to be affected by the geographic location and 
thus should be eagerly encouraged by landlocked countries, regardless of whether or not they are endowed 
with abundant resources.  
 
The Switzerland case also sheds light on the benefits from having “good” and corrupt-free neighbors in the 
form of growth spillovers. This clearly calls for greater regional cooperation and enhanced regional 
integration through regional transport infrastructure and improved trade facilitation. Finally, resource-rich 
LLDCs should prioritize on optimal use of resource revenues to finance infrastructure investment, as we 
have seen that higher transaction costs are severely detrimental to a country’s development.  
 
Although policymakers ultimately have little control over their countries’ geographical features, this paper 

shows that endowments of goods that are not as often transported by container or truck (e.g. diamonds, gold, 
silver and others) should be exploited by LLDCs whenever possible. Ultimately, the question, is resource 
abundance a curse or a blessing depends on the political and economic institutions as well as the type of 
resources generating the rents. 

 
 
 

6 More information about the organization and its aim is available here: https://eiti.org.    
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The Impact of Monetary Policy
on the UK Yield Curve

Michael E. Gill1

University of Warwick

Abstract

This paper investigates the impact monetary policy (MP) has on the yield curve and whether the model
presented by Ellingsen & Sderstrm (2001) is validated by data for the UK. On the basis of newspaper arti-
cles, bank rate changes are classified as exogenous, if the Bank of England changed its policy preferences,
and endogenous, if it resulted out of new information. The findings indicate that there is a 76 bps. response
to endogenous MP at the one-year maturity, decreasing in maturity but always positive. The response to
exogenous MP, in contrast, turns negative after the five-year maturity and reaches -30 bps. for the 20-year
maturity, supporting the models predictions. The results refute the ineffectiveness of MP to control long-
maturity yields and emphasise the need for transparency and clear communication by monetary authorities
for markets to function and correctly assess MP. By allowing for simultaneity and omitted variables, this
paper contributes to the event-study literature.

1The author is thankful to Dr. Alexander Karalis Isaac for supervising this paper and providing valuable feedback on methodology
as well as Prof. Jeremy Smith for help with econometric issues.
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The Economic and Socio-Cultural Factors of Immigration Attitudes: 
Does industry exposure to immigration affect an individual's attitude 

toward immigration?

Serena Gobbi1
Georgetown University

“Nothing in life is to be feared, it is only to be understood. Now is the time to understand more, so that we 
may fear less.” Marie Curie

Abstract

Few political issues in the Western world provoke the same level of vitriol and even violence as debates
on immigration. Gobbi uses Swiss survey data as well as Swiss census data on immigration flows to test
the traditional theories of the determinants of immigration attitudes in OECD countries. Gobbi tests not
only whether high skilled Swiss workers and low skilled Swiss workers have differing attitudes towards
immigration, but also whether Swiss working in industries more exposed to migrant workers (with higher
inflows of migrant workers) are more anti-immigration than those working in more insulated industries.
Based on previous research and theory, Swiss high skilled workers should be less pro-immigration than
low skilled workers since the majority of immigrants are high skilled workers. In addition, workers within
industries more exposed to migration will be less pro-immigration as migrants more directly threaten
them. Ultimately, Gobbi finds some support for a positive relationship between high-skilled workers and
pro-immigration attitudes, but no support for the hypothesis that industry exposure to immigration would
influence immigration attitudes. In fact, socio-cultural factors play an undeniably prominent role in the
results, with concerns of the inviolability of Swiss neutrality highly related to being anti-immigration.

1The following is an abridged version of the original. Please contact the author for the full paper.
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1. Introduction 
Few political issues in the Western world provoke the same level of vitriol and even violence as debates 
on immigration. In a world increasingly changed and shaped by globalization, and characterized by 
mounting interconnectedness between countries and the increasing flow of goods and people across 
borders, the issue is unlikely to diminish in the foreseeable future. Therefore I undertake this research in 
the spirit of Marie Curie. 
 
Determinants of immigration are often grouped into economic and social/cultural factors.  Some 
researchers focus on economic models centered on the fight for scarce resources, while others cite the 
equally primal urge to reject the other and to protect the in-group as the culprit.  Those who argue that 
economic determinants are key factors in immigration attitudes cite labor-market competition as the 
mechanism for variation, while those invested in cultural factors rely on psychological research of in-
group mentality and xenophobic behaviors. Various research that has attempted to find support for both 
economic and social factors is complicated by the fact that immigration is a nebulous concept: economic 
migrants, refugees, illegal immigrants, and the “brain drain,” all evoke very different reactions from 

international institutions, governments, and the population.  
 
Switzerland, a small, wealthy, land-locked country within (but separate from) the Eurozone has kept 
meticulous data on the relatively controlled flow of immigrants into the country during the modern era. I 
use Swiss survey data including economic and non-economic focused questions, as well as Swiss census 
data on immigration flows, to test the traditional theories of the determinants of immigration attitudes in 
OECD countries. Using detailed data also allows me to test not only whether high-skilled Swiss workers 
and low-skilled Swiss workers have differing attitudes towards immigration, but also whether Swiss 
working in industries more exposed to migrant workers (with higher inflows of migrant workers) are 
more anti-immigration than those working in more insulated industries.  
 
Based on previous research and theory, Swiss high-skilled workers should be less pro-immigration than 
low-skilled workers since the majority of immigrants are high-skilled workers. In addition, workers 
within industries more exposed to migration will be less pro-immigration as migrants more directly 
threaten them. Cultural fear of immigrants or contact with immigrants will also be a significant factor in 
acceptance of immigration.    
 
Ultimately, I find some support for a positive relationship between high-skilled workers and pro-
immigration attitudes, but no support for the hypothesis that industry exposure to immigration would 
influence immigration attitudes. In fact, socio-cultural factors played an undeniably prominent role in the 
results, with concerns of the inviolability of Swiss neutrality (in terms of making autonomous decisions as 
a state and refraining from joining the EU) highly related to being anti-immigration. Mixed evidence is 
found supporting the theory that face-to-face contact with immigrants is a determinant of immigration 
attitudes.  
 
Globally, immigration remains a topic able to provoke vitriolic debate, and pro- and anti- immigration 
disputes frequently reach frenzied velocities. The rise of violence between native born citizens and 
migrants in Europe (for example, Germany reported a 20% rise in attacks on foreigners in 2013 [BBC]) 
only serves to emphasis the life-or-death nature of global migration. Understanding the basis of 
immigration attitudes, whether economic, values-based, or some combination of the two is an important 
part of injecting reasoned discourse and understanding into the policy.   
 
2. Literature Review  
[The following literature review has been shortened due to space constraints] 

The theoretical models of international immigration are many and varied, with some predicting 
positive economic benefits for each party involved, some indicating disadvantages, and many more 
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modeling complex interactions between actors. National and global welfare must be considered. However, 
the following analysis of individual attitudes towards incoming immigration will limit the following 
discussion primarily to changes in national and individual welfare. Since my data originates in Switzerland, 
which is generally not considered to be a traditional European welfare state, the remainder of the section 
will focus on labor market effects of immigration. Labor-market analysis is built upon the assumption that 
each actor chooses self-interest maximizing behavior. If a labor-market is divided into high-skilled and 
low-skilled workers, an influx of migrants changes the composition of the labor market, leading to changes 
in wages across the board that depend on the skill level of the migrants relative to the native workers in the 
country.  

 
The international evidence regarding economic effects of immigration is notoriously mixed. Hartog and 
Zorlu (2005) look at data from the Netherlands, the UK, and Norway, finding evidence that immigration 
had only small effects of the wages of native workers. Meanwhile, Aydemir and Borjas (2007) study the 
Canadian labor market, where immigration disproportionately increases the high skilled workforce, and 
find that while more-educated Canadians experience the largest wage loss, wages across the board are 
negatively related to immigration. They further study data from the U.S. and Mexico, ultimately finding 
different effects on each country.1     

 
According to the labor-market factor proportions analysis model, an influx of low-skilled immigrants 
should lead to a decrease in the wages of low-skilled native workers and an increase in the wages of high-
skilled native workers. It follows that high-skilled workers would be more pro-immigration while low-
skilled workers would be more likely to be anti-immigration (and vice-versa if migrants were primarily 
high-skilled). Perhaps the country with the most literature focused on it is the United States, and empirically 
evidence consistently supports this hypothesis. High-skilled workers are consistently pro-immigration 
compared to low-skilled workers. A 1996 article by Borjas, Freeman, and Katz recorded negative effects 
of immigration on native-born Americans in the 1980s (the immigration was primarily of low-skilled 
workers), arguing that immigration reduced the pay of low-skilled native-born workers in the US during 
that time.2      

 
Scheve and Slaughter (2001), find that less skilled workers in the U.S. have a stronger negative attitude 
towards immigrants than high-skilled workers (and in general immigrants coming into the U.S. are 
unskilled). They check if this changes if the worker lives in a high immigrant community, finding it does 
and the effect may be mitigated (a potential support of group-contact theory3).  Yet support for the 
dominance of economic determinants in determining immigration attitudes is strong. For example, Hatton 
and Williamson (2005) contribute wage and inequality data on post-world war II trans-Atlantic migration, 
attributing changes in migration restrictions more to economic factors than to xenophobia. I will broadly 
group the social/cultural theories into two large groups for the sake of clarity.   

 
The first aspect of socio-cultural attitudes towards immigration is contact theory, which predicts that 
attitudes towards immigration are shaped by views on immigrant groups, but that individual contact with 
immigrants will decisively shape views towards immigrants, more so than other personal or societal 
pressures. In this framework, individuals who interact with immigrants on a daily basis will tend to share a 
common attitude towards immigration more so than people who do not interact with immigrants. Some 
argue that fear of the unknown is responsible for distrust of immigrants. Thus, individuals who interact with 

1Aydemir A, Borjas GJ. 2007. A comparative analysis of the labor market impact of international migration: Canada, 
Mexico, and the US. J. Eur. Econ. Assoc. 5(4):663–708. 

2BBC. “Germany reports 20% rise in attacks on foreigners” 18.June.2014. bbc.com/news. 4.28.16. 
3 Group contact theory: People who interact with immigrants on a daily basis will be less fearful of immigrants and 
more likely to be pro-immigration.  
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immigrants on a daily basis will connect with immigrants and so be less fearful of them. On the other hand, 
others argue that individuals who see immigrants every day are actually more threatened by them since 
tensions inevitably arise to the surface if exacerbated each day. Citrin et al. (1997) finds that measures of 
ethnic tolerance play a much more decisive role than economic circumstances in attitudes.  

 
The second aspect of socio-cultural attitudes towards immigration is nationalism, also connected to a fear 
of the foreign somehow being less than the current norm. Evidence shows that a strong national identity 
can come at the expensive of xenophobia. Perhaps nationalism alone can predict immigration attitudes, 
rather than other factors. A post-script to this theory is the theory of the role institutions play in attitudes 
towards immigration. Critics hypothesize that trust in a country’s institutions can mitigate the fear of 
immigrants corrupting the nation.  

 
In short, the theory is dense and complex, with many competing arguments and diverging evidence. I hope 
to add to the existing literature not only by offering another data point on the temporal-geospatial 
dimension, but also by measuring economic determinants in a rigorous manner by looking at the variation 
between industries exposed to immigration versus industries insulated from migrant workers in addition to 
high and low-skilled work.  

 
3. Methodology 
To measure the several different attitudes related to socio-cultural theories of immigration and several 
other control variables, I have drawn heavily from the MoSAiCH 2013 survey in Switzerland. 
“MOSAiCH: Enquête sur la famille et le changement des rôles homme-femme, l'identité nationale et la 
citoyenneté – 2013” (FORSBASE) stands for the 2013 ‘Survey on the family, the changing roles of men 

and women, national identity, and citizenship’ in Switzerland, and contains over 400 variables. The 

survey gave 1-hour face-to-face interviews and had 1,237 respondents. To supply immigration flows, I 
turn to the Federal Statistical Office of Switzerland, which includes the Swiss Census Bureau and other 
measures of immigration. Crucially, exposed sectors and non-exposed sectors do not line up with 
traditional categorizations of high and low-skilled work. Agriculture, for the most part, is considered low-
skilled work, and is not an industry with high inflows of migrants. However, both service jobs and 
professional jobs do have high inflows of migrants. 
 
Between 1990 and 2010, Switzerland experienced a substantial change in the type of immigrants entering 
the country. Traditionally, immigrants were low-skilled workers, however, by 2010 immigrants were 
primarily high skilled workers and most came from the EU. Industries such as financial services saw large 
increases in the number of immigrants while fields such as agriculture and construction had much lower 
flows of migrants (Becker, Liebig and Sousa-Poza).  

 
Figure 2 shows the operationalization of variables from the survey, by survey question asked.  
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To measure my dependent variable, individual immigration attitudes, I coded Pro-Immigration as a dummy 
variable with respondents who answered 1 or 2 being labeled as pro-immigration while others were anti-
immigration. This intuitively follows from the context of Switzerland, as Swiss immigration policies are 
considered restrictive, so those who support the status-quo are supporting anti-immigration policies. The 
variable is a dummy variable because it is unclear if the differences between answers is equidistance, 
meaning I am unable to determine if the difference between a respondent who answered 1 and a respondent 
who answered 2 is the same as the difference between a respondent who answered 3 and a respondent who 
answered 4. The distribution of responses of the question: “The number of immigrants in the country should 

be [(1) increased a lot… (5) decreased a lot] indicates that most respondents preferred restrictive 

immigration policies, either the current restrictive policies or even further restrictions.  
  

One key issue with measuring economic determinants is the debate over how to separate the workforce into 
high-skilled and low-skilled workers. Within the literature, there is an ongoing discussion on which is the 
best way to measure high-skilled and low-skilled workers. A common measure is years of education. 
O'Rourke and Sinnott 2004, Mayda 2006 and Facchini and Mayda 2009 have all used education as a proxy 
for labor skill. However, other researchers view this measure with skepticism. Scheve and Slaughter (2001) 
use both education attainment and occupation classification as measures of skill for US workers and 
immigrants. For occupation classification they obtain average weekly wage, an attempt to separate high- 
and low-skilled labor without the difficulty of education, deciding it may represent other factors. Moreover, 
Citrin et al. (1997) argue that education should be used as a measure of cultural factors, not skill, and use 
education as a measure of other values within their analysis. Furthermore, Hainmueller and Hiscox (2007) 
study this particular question in their analysis of the 2003 European Social Survey (ESS), finding that 
education has more to do with cultural factors than labor skill. According to Hainmueller and Hiscox, “More 

educated respondents are significantly less racist and place greater value on cultural diversity; they are also 
more likely to believe that immigration generates benefits for the host economy as a whole. Together, these 
factors account for around 65 percent of the estimated relationship between education and support for 
immigration” (401-2).  Thus, years of education have been linked to increased tolerance, warping how well 
education measures skill level.  
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In response to these conflicting directives, I measure skill in a variety of ways. Within the MOSAiCH data, 
years of education are included. Originally (in the tradition of Mayda, etc) I use years of education within 
the model as a way to code for skill level of a worker. However, in acknowledgment of the work of Scheve 
and Slaughter and Hainmueller and Hiscox, among others, I also code for skill based on income. Knowing 
the median wage in the dataset, I dropped out the middle 20% of the income distribution, leaving the bottom 
40% and top 40% as low-and high-skilled respectively. This approach recognizes the limitations of 
assuming someone in the 49th income percentile is substantively different than someone in the 51st income 
percentile while at the same time limiting the number of data points lost. Figure 4 shows the correlation 
between years of education and income, with a generally positive trend clear in the scatterplot. I use the 
low-high skilled variable for skill because education has much higher correlations with other variables, 
such as the no-contact variable, while measuring skill using income is supported in the literature.  Figure 5 
shows the correlation between education and the no-contact variable and between lowhighskill and the no-
contact variable.  

 
Figure 4 

 
 
Figure 5 
 EDUCYRS  nocont~t 

   
EDUCYRS 1  
nocontact -0.1279 1 

   
   
 lowhig~l  nocont~t 

   
lowhighskill    1.0000 1 
nocontact      -0.0458 1 
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Figure 6: Specific Industry Data, % of Immigrants in Industry 

 
Socio-cultural Factors 
 
In addition to economic measures, I test several socio-cultural factors through the survey data. To see if the 
data supports the idea that anti-immigration individuals find immigrants inherently threatening, (an us 
versus them mentality), I check the responses to a series of three questions:  

1. “Immigrants increase crime rates”, 1 = disagree strongly, 5 =agree strongly 

2. “Immigrants take jobs away from people who were born in Switzerland”, 1 = disagree strongly, 5 = agree 

strongly 
3. “Switzerland’s culture is generally undermined by immigrants”,1 = disagree strongly, 5 = agree strongly 
 

Each of these three questions had statistically significant separate means, with Figure 7 showing the 
correlation between all three questions.   
Figure 7 

 threat~b threa~me threa~re 

    

threatjob 1   

threatcrime 0.2357 1  

threatcult~e 0.2735 0.2571 1 
 
To measure contact between native workers and immigrants, I use the survey question asking if people 
have no personal contact with immigrants in their neighborhood and place of work. Due to the correlation 
show in Figure 8, I choose one of the variables, the one with more variation that speaks to contact theory, 
contact with immigrants at work.  
 
Figure 8 

 contac~k contac~e 

   

contactwork 1  

contacthome 0.373 1 
 
To measure the effect of strong nationalistic tendencies on immigration, I used the series of survey questions 
below. I also use tests to check the significance in the difference of means between variables. Potential 
overlap appears to exist between the belief that Switzerland must make autonomous decisions and the belief 
it loses power by interacting with international organizations. Notably, there does not seem to be the same 
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type of overlap between being a proud Swiss and thinking Switzerland is better than most other countries.  
1. “Generally speaking, Switzerland is a better country than most other countries? 
2. How proud are you of being Swiss?”, 1 = not proud at all 
3. “If there was a referendum next Sunday whether Switzerland does or does not become a member of the European 

Union, would you vote in favor or would you vote against?”  
4. “International organizations are taking away too much power from the Swiss? 
5. “Do you prefer Switzerland to take autonomous decisions or to take joint decisions with other countries?”  
 
To test institutions theory, I look at two questions: Do you have trust in the Federal Council? and Are you 

proud of the Swiss democracy? I also look at the correlation between variables, looking for potential 
relationships between different independent variables. The most problematic variable relationship is pride, 
which is statistically correlated with trust in the federal council and feelings that Switzerland is the best 
country. Therefore pride is not included in the models.  
 
I also try to control for a variety of other factors. I code for language region, which also denotes a certain 
ethnic –cultural background. I control (by dropping city) for the rural-urban spectrum with the question: 
Where is your place of residence: urban – rural. In terms of regression analysis, I run a series of robust 
probit models (with dprobit model in the adjacent column of the figure).   
 
4. Findings 
For my initial regressions (Model 1 & Model 1A), I analyze variations in pro-immigration attitudes in 
terms of years of education and the control variables. I then use my skill variable instead of years of 
education in Model 2 & Model 2A. Most of the controls are significant in unsurprising directions. The 
French speaking regions of Switzerland are generally considered to be more open and liberal than the 
German regions of Switzerland, and a positive coefficient is shown below meaning that in general, 
French-Swiss were more pro-immigration than German-Swiss, all other things being equal. The urban-
rural divide is seen below as well, with each increasingly rural, less population-dense region more 
negatively associated with immigration than the cities. At least in this model, education seems to be a 
more solid measure of skill than income, as income had too much related noise to be significant. 
Unexpectedly, initial results suggested a positive education coefficient, meaning that the more education 
an individual has, the more likely he will be pro-immigration.  

Table 1 

 (1) (2) (3) (4) 

VARIABLES Model 1 Model 1A Model 2 Model 2A 

     

AGE -0.00275 -0.000317 -0.00498 -0.000594 

 (0.00382) (0.000438) (0.00376) (0.000444) 

SEX -0.0947 -0.0109 -0.0728 -0.00869 

 (0.128) (0.0147) (0.137) (0.0164) 

EDUCYRS 0.0581*** 0.00670***   

 (0.0164) (0.00192)   

French 0.435*** 0.0501*** 0.452*** 0.0539*** 
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 (0.134) (0.0155) (0.135) (0.0160) 

Italian -0.187 -0.0188 -0.210 -0.0215 

 (0.411) (0.0356) (0.400) (0.0348) 

suburb -0.493* -0.0410*** -0.500* -0.0430*** 

 (0.268) (0.0155) (0.272) (0.0164) 

town -0.733*** -0.0649*** -0.855*** -0.0759*** 

 (0.226) (0.0161) (0.232) (0.0167) 

village -0.935*** -0.126*** -1.021*** -0.144*** 

 (0.211) (0.0337) (0.215) (0.0365) 

farm -0.658* -0.0473*** -0.817** -0.0549*** 

 (0.355) (0.0144) (0.354) (0.0121) 

lowhighskill   0.214 0.0253 

   (0.142) (0.0165) 

Constant -1.496***  -0.664*  

 (0.423)  (0.360)  

     

Observations 973 973 973 973 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 
Next I ran a series of regressions adding in the socio-cultural variables. Models 3 & 3A show a small 
negative statistically significant relationship between having no contact with immigrants and being pro-
immigration, lending weak support to the theory that contact with immigrants may humanize them. In the 
later model, the variable retains its direction although not its size. The importance of making autonomous 
decisions and the decision to refrain from joining the EU have robust significance at the 1% level. This 
indicates that in general individuals who report being concerned with these two markers of Swiss 
neutrality are also more anti-immigration. There is no evidence that trust in national institutions play a 
role, as the coefficient is insignificant and changes signs from regression to regression.  
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Table 2 

 (1) (2) (3) (4) (5) (6) 
VARIABLES Model 3 Model 3A Model 4 Model 4A Model 5 Model 5A 
       
AGE -0.00812 -0.000875 -0.00574 -0.000550 -0.0191*** -0.00134*** 
 (0.00500) (0.000554) (0.00447) (0.000422) (0.00652) (0.000493) 
SEX -0.171 -0.0185 -0.184 -0.0176 -0.221 -0.0156 
 (0.157) (0.0169) (0.152) (0.0148) (0.198) (0.0143) 
lowhighskill   0.255 0.0240 0.509** 0.0333** 

   (0.163) (0.0148) (0.219) (0.0141) 
French 0.594*** 0.0636*** 0.376** 0.0359** 0.635*** 0.0449*** 
 (0.176) (0.0185) (0.152) (0.0146) (0.213) (0.0153) 
Italian 0.158 0.0191 -0.0617 -0.00563 0.204 0.0171 
 (0.445) (0.0601) (0.424) (0.0368) (0.443) (0.0432) 
suburb -0.558* -0.0410** -0.370 -0.0273* -0.532 -0.0249** 
 (0.333) (0.0160) (0.290) (0.0159) (0.358) (0.0107) 
town -0.839*** -0.0690*** -0.819*** -0.0574*** -1.208*** -0.0576*** 
 (0.270) (0.0188) (0.249) (0.0141) (0.296) (0.0151) 
village -0.933*** -0.123*** -0.854*** -0.0961*** -1.038*** -0.0977*** 
 (0.254) (0.0413) (0.222) (0.0298) (0.257) (0.0323) 
farm   -0.495 -0.0324**   
   (0.374) (0.0158)   
trustfed   -0.0763 -0.00731 0.146 0.0103 
   (0.121) (0.0116) (0.149) (0.0105) 
EU   0.800*** 0.123*** 0.778*** 0.0925** 

   (0.163) (0.0356) (0.209) (0.0366) 
losspowerIO   -0.242 -0.0223 -0.323 -0.0214 
   (0.162) (0.0142) (0.228) (0.0142) 
autodecision   -0.514*** -0.0450*** -0.736*** -0.0480*** 

   (0.177) (0.0135) (0.230) (0.0143) 
CHbest   -0.0811 -0.00772 -0.189 -0.0131 
   (0.148) (0.0140) (0.192) (0.0132) 
 -    -  
       
EDUCYRS 0.0532*** 0.00573***     
 (0.0193) (0.00219)     
nocontact -0.326 -0.0304*   -0.364 -0.0215 
 (0.236) (0.0184)   (0.246) (0.0131) 
Constant -1.161**  -0.344  -0.204  
 (0.479)  (0.449)  (0.572)  
       
Observations 667 667 847 847 583 583 

 
In the next models, I added in my other economic measure, industry exposure. I use the low-high skilled 
variable for skill instead of years of education for Model 6 and 6A and Model 7 and 7A, with Model 7 
streamlining the specifications. The control variables keep the same directions as they have across the 
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models.  The questions regarding rejecting EU membership and autonomous decisions both remain 
statistically significant, pointing to lingering concern among individuals that a unique Swiss national 
identity and neutrality must be maintained. The differentiation between high skilled and low skilled remains 
significant, indicating that high skilled workers were more likely to be pro-immigration. Industry exposure 
remains insignificant. No-contact gained significance with a slight negative coefficient, providing weak 
evidence that if an individual does have contact with immigrants they are more likely to be pro-immigration. 
The correlations between socio-cultural attitudes and immigration held much larger coefficients than the 
correlations between economic factors and immigration positions.  

Table 3 
 (1) (2) (3) (4) 
VARIABLES Model 6 Model 6A Model 7 Model 7A 
     
AGE -0.0192*** -0.00133*** -0.0167** -0.00128** 
 (0.00695) (0.000506) (0.00657) (0.000519) 
SEX -0.265 -0.0183 -0.245 -0.0188 
 (0.205) (0.0147) (0.193) (0.0150) 
French 0.645*** 0.0449*** 0.668*** 0.0517*** 
 (0.208) (0.0157) (0.197) (0.0166) 
Italian 0.128 0.00988 0.258 0.0246 
 (0.484) (0.0414) (0.507) (0.0585) 
suburb -0.512 -0.0238** -0.452 -0.0247* 
 (0.359) (0.0109) (0.361) (0.0132) 
town -1.158*** -0.0544*** -0.986*** -0.0542*** 
 (0.296) (0.0146) (0.285) (0.0148) 
village -1.034*** -0.0963*** -0.938*** -0.0925*** 
 (0.256) (0.0322) (0.254) (0.0324) 
 -  -  
     
trustfed 0.129 0.00889   
 (0.151) (0.0103)   
EU 0.728*** 0.0822** 0.751*** 0.0936** 
 (0.214) (0.0349) (0.209) (0.0376) 
losspowerIO -0.302 -0.0197 -0.368* -0.0264* 
 (0.226) (0.0137) (0.218) (0.0142) 
autodecision -0.768*** -0.0489*** -0.714*** -0.0502*** 
 (0.231) (0.0142) (0.215) (0.0145) 
CHbest -0.197 -0.0135   
 (0.191) (0.0131)   
nocontact -0.348 -0.0203 -0.383 -0.0245* 
 (0.254) (0.0131) (0.245) (0.0137) 
exposure 3.675* 0.254* 3.041 0.234 
 (2.011) (0.146) (1.910) (0.151) 
lowhighskill 0.404* 0.0260* 0.380* 0.0274* 
 (0.235) (0.0145) (0.219) (0.0151) 
Constant -0.474  -0.401  
 (0.600)  (0.453)  
     
Observations 562 562 589 589 
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5. Conclusion 
Ultimately, the evidence does not strongly support my original hypothesis. Unexpectedly, high skilled 
immigrants look to be pro-immigration, while industry exposure is insignificant. Perhaps this is due to 
factors specific to Switzerland, such as the economic climate of Switzerland. Traditionally, 
unemployment has held constant at around 3% (Swiss Labor Force Survey 2015). Perhaps the low rate 
leads people who would otherwise be threatened by immigration due to economic concerns to remain 
unconcerned with immigration, as there is little economic risk of actually being jobless. If true, the 
research suggest that even after economic concerns relating to immigration have been dealt with, socio-
cultural concerns remain, an idea with correlations to international trade theory. In the increasing flow of 
goods and services, we increasingly see benefits. Immigration may be more interconnected with social 
values that research on economic determinants may have limited impact on national debates. However, 
perhaps a national discussion on values which includes data on the economic implications of immigration 
is more needed than ever (and is certainly one of the focuses of the economists in the State Department 
currently)4.  

 
The complete disconnect between industry exposure and immigration attitudes may speak both to the 
limited effects of economic factors to Swiss individuals and also to the limitations of the data. Perhaps the 
categories were too broad to gain a realistic picture of the perceived economic impacts of immigrants. 
Correlations between independent variables are also quite possible. The probit may also limit the results, 
as the no-contact variable in particular may have a non-linear relationship with immigration attitudes. 
Further exploration is needed to provide more robust results.  

 
In many ways Switzerland is a unique country. Historically, it has been infamously insular and fiercely 
attached to a national ethos of neutrality. The variables supporting neutrality and nationalism surely stem 
in part from this history. Yet it is a narrative, at least, that many European countries share. In this sense, the 
data from Switzerland is a starting point, and the findings may well be replicable across Europe. The idea 
that each country should remain culturally distinct, and that immigrants threaten this autonomy and 
nationalism, is found throughout Europe. One need look no farther than Switzerland’s immediate neighbor, 

France, to see cultural protections given the force of law (WorldPolicy.org). Yet in one key way, 
Switzerland’s uniqueness may serve to illustrate, rather than cloud the applications for Europe. Of all the 

developed countries in the world, Switzerland has arguably the most democratic system of government, 
with direct democracy in the form of popular referendums routinely practiced. Thus, individual attitudes 
towards immigration have the opportunity to shine through more clearly than other forms of government. 
For example, special interest groups in the U.S. rarely have a need to convince over 50% of the population 
of their agendas in the same way. Switzerland is unique in another way: its composition of highly skilled 
immigrants. Yet the number of highly skilled immigrants in Europe has been increasing. If anything, the 
Swiss case challenges conventional wisdom that natives react negatively to low-skilled foreigners as 
‘disreputable’ elements of society, demonstrating the same dislike of foreigners remains when immigrants 
are highly skilled.  

 
Using robust probit dprobit regressions, this analysis has found evidence that both economic and cultural 
factors are linked to immigration attitudes. The contact variable only sometimes retains significance while 
a strong national identity is consistently significant for determining immigration attitudes, more so than 
self-professed “fear” of immigrants. So far, there is limited evidence indicating that cultural factors play a 

larger role in immigration attitudes than direct economic determinants.  

4 Dr. Ludema. Chief Economist of the U.S. State Department. Speech. Saturday April 23.2016. Georgetown 
University Carroll Round Conference.  
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The Joint Determinants of Lobbying and Voter
Participation in the United States: 1999-2014

Elizabeth Johnson
Georgetown University

Abstract

This paper explores the causal relationships between lobbying spending rates and voter participation rates,
running in both directions, in the United States during the time period from 1999-2014. I utilize a si-
multaneous equations model with data at the state level collected from a variety of sources. My results
indicate that higher statewide voter participation rates lead to lower levels of lobbying spending in the cor-
responding state. Additionally, high levels of spending on lobbying lead to lower voter participation rates.
The policy implications of these relationships are not entirely straightforward. However, my results show
that lobbying spending is negatively influenced by voter interest in legislative outcomes, suggesting that
lobbying should be more closely regulated, if only to be better understood by policymakers and regulators.
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Variation of Monetary Policy Transmission Over
a Financial Cycle: Analysis of the EU countries

Anastasiya Kazhar and Olena Kuzan
Stockholm School of Economics in Riga

Abstract

Countries in the European Monetary Union (EMU) are subject to the common monetary policy, but the
impact of this policy on the local economies is heterogeneous. Structural differences in the economies
and the lack of synchronisation of the economic cycles across EMU countries are usually referred to as
the causes of this heterogeneity. Our paper proposes one more factor: heterogeneity of financial cycles.
We explore how the financial cycle phase affects the responsiveness of retail bank lending rates to the
changes in the key policy rate (interest rate pass-through). To model this relationship, we employ panel
error correction model of 16 countries covering the period from 1996 to 2014. We conclude that the phase
of financial cycle is a significant determinant of immediate pass-through, but its effect is small. We explain
this finding by an overreaction of the banks, reduced liquidity and drop in credit volume during the times
of financial crisis.
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Long-Term Effects of Electricity Rationing on Residential
Electricity Consumption: Evidence from Brazil

Stephanie Kestelman
Swarthmore College1

Abstract

In 2001 and 2002, due to mismanagement, political inefficiency, and an unexpected drought, the supply
of electricity from hydraulic power plants did not meet demand in some Brazilian states. In response, the
Brazilian national government implemented in some states a semi-voluntary rationing policy, under which
households had to reduce their consumption of electricity by up to 20 percent. This paper investigates the
short run effectiveness of the policy and the long-term effects of the semi-voluntary program on residential
consumption of electricity. In particular, it assesses the long run effects of the rationing and answers the
question of whether Brazilian households changed their consumption patterns permanently. This paper
also attempts to disaggregate the mechanisms that caused reductions in consumption. I analyze state-level
data from 2000 and 2011 and use fixed effects estimation to assess the effects of the policy on long-term
residential consumption patterns at the state-level. This study differs from previous literature in that it uses
state-level, yearly data, rather than only two time periods or household data within a small geographic
region. I also find that physical investments to close the efficiency gap did not account for conservation.
Instead, households modified their behavior during the rationing period. I also conclude that these changes
in behavior and consumption patterns were not stable or permanent, and did not affect consumption in the
long run.

1I would like to thank Phillip Jefferson for teaching me to trust my economics skills and for mentoring me throughout the process of
writing this paper. I’d also like to thank Erin Bronchetti for making me fall in love with Economics and for her unconditional support.
Thank you Amanda Bayer, Jennifer Peck, Molly Petchenik and Daniel Sung for your friendship and support. Finally, I would like to
thank those who listened to my musings about econometrics and electricity. I would not have done any of it without them.
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1. Introduction 
In the past couple of decades, climate change has prompted policymakers to attempt to reduce 
demand for energy. However, demand for electricity is highly inelastic. Few policies have had a 
long-term effect on energy consumption at the residential level. Most treated groups returned to 
pre-policy levels of consumption after a short period of time because of the difficulty in 
sustaining behavioral changes (Alcott and Greenstone 2012; Costa 2012; Davis, Fuchs and 
Gertler 2012; Gerard 2013; Siqueira et al. 2006).  
 
The Brazilian electricity rationing of 2001-02 has been underexplored as an example of how to 
induce conservation at the household level. Parts of Brazil were affected by a severe drought in 
2001 and 2002, which led to the decrease in volume of water in hydroelectric plants’ reservoirs. 

Inefficiency and inadequate infrastructure intensified the effects of the drought. In June 2001, the 
Brazilian government implemented a rationing policy to lower residential demand for electricity 
and reduce the risk of power shortages. From June 2001 to February 2002, households in 17 of 
the 27 Brazilian states had to reduce energy consumption by at least 20 percent.  
 
Two types of incentives were used to encourage reductions in residential consumption of 
electricity: economic and social. Economic incentives included consumption ceilings and 
increases in tariffs. Households that overconsumed were fined, and those with additional savings 
earned bonuses. Some even risked interruption of supply. The government also subsidized 
energy-efficient appliances. Households could decide whether they wanted to ration or not, 
making this a semi-voluntary system.  
 
The government established a national educational campaign as a social incentive. Households 
across the country received information about ways of reducing consumption of water and 
electricity. States that were not under rationing were also exposed to the information. The 
government appealed to Brazilian nationalism by forging a national commitment to conservation 
(Gerard 2013). Other aspects of the campaign included appeals to the fact that energy is a public 
good, to the economics of rationing and to the moral argument that conserving is “the right thing 

to do.” The campaign also encouraged households to switch to more energy-efficient appliances. 
In February 2002, reservoirs were once again at safe levels because of rains and reduced 
consumption. The policy was lifted and the educational campaign ended. The rationing 
successfully led to reductions in consumption during the shortage. 
 
The goal of this paper is to estimate the long run effects of the rationing and to examine the 
channels through which the rationing affected residential consumption of energy. There are two 
channels that can affect energy consumption: physical investments and behavioral changes 
(Gerard 2013). More energy-efficient appliances demand less energy, thus reducing consumption. 
The information campaign and subsidies might have led households to buy energy-efficient 
appliances in order to reduce consumption of electricity. In contrast, behavioral changes can yield 
changes long-term consumption patterns (Costa 2012). The fine and quota might have acted as 
Pigouvian taxes, leading to internalization of the externalities of energy consumption. Meanwhile, 
the campaign might have provided the information to change households’ consumption patterns. 
It is more challenging to change behaviors than to increase physical efficiency, but the first can 
have more permanent effects.  
 
Two economists have estimated the permanence effects of the rationing, and both have achieved 
similar conclusions. Gerard (2013) used state-level data for years 2000, 2003 and 2005 to analyze 
rationing-induced changes in residential consumption of electricity. He attributes changes in 
consumption to changes in household behavior. He finds no effect of conservation through 
closure of the efficiency gap for domestic appliances. Gerard notes that “households reported 
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systematic changes in the way they used domestic appliances and consumed electricity. Popular 
conservation strategies during the crisis, unplugging freezers and avoiding standby power use, 
were still more prevalent [four years later] among households that had been subject to the 
conservation program” (p.3). He concludes that social incentives like national education can lead 
to medium run reductions in consumption. In contrast to Gerard’s state-level data, Costa (2012) 
examined household-level data from the state of Rio de Janeiro (RJ) from 2000 to 2005. He also 
found evidence for changes in behavior, rather than acquisition of more energy-efficient 
appliances. Both Gerard and Costa therefore concluded that social incentives, in the form of 
information, could affect household’s consumption patterns, potentially yielding long-term 
behavioral changes.   
 
In the next sections I estimate the permanence effects and the role of different channels in 
changing consumption levels during the rationing. I describe my data sources and specification in 
sections 2 and 3, and the results in section 4. I offer policy recommendations in the conclusion.  
 
2. Data 
I use state-level data from 2000 to 2011 to estimate the effects of the rationing policy on the 
entire country, rather than just one area. My main sources of data are listed below. Table 1 
describes the variables used and Table 2 summarizes the data. 
 
A. ANEEL: ANEEL (Agência Nacional de Energia Elétrica) is Brazil’s National Energy Agency. 

ANEEL publishes yearly reports on energy consumption with the Brazilian Ministry of Mines 
and Energy. The report divides consumption by state and sector. I collected state-level residential 
consumption data for 2000 to 2011 from the 2006 and 2014 “National Balance” reports. I also 
obtained yearly state-level data on energy tariffs by consumption category. Since ANEEL did not 
exist until 2003, tariff data from 2000 to 2002 was compiled from pieces of legislation approving 
changes to tariff rates in 2000, 2001 and 2002 (Law n˚ 10.483/2002, Resolution n˚ 91/2001, 

Resolution n˚ 485/2002). 
 
B. IBGE and IPEA Data: The Brazilian Institute of Geography and Statistics is the national 
statistical agency. I collected survey micro-data from the 2000 and 2010 censuses and from the 
2001-2009 and 2011 National Annual Domestic Survey (PNAD), which reports sample data for 
the country and its states. Economic data was collected from IPEA (Institute for Applied 
Economic Research).  
 
One shortcoming of these data is that they were not all collected in the same way. Data from 2000 
and 2010 were collected during the census, while data for all other years were estimated from 
samples of households. The possibility of measurement errors occurring is higher in the latter set 
of data. Additionally, information on tariffs was highly dependent on the availability of 
documentation for each state’s tariff resolutions for a given year. There is therefore a possibility 
of attenuation bias. 

 
3. Empirical Model 
The goal of this paper is to estimate permanence effects of the rationing and to assess whether 
any changes in consumption were driven by behavioral changes or the physical investments. 
Kuziemko and Werker (2006) modeled the relationship between aid and membership in the 
Security Council, and used binary variables to account for pre- and post-membership years, as 
well as a country’s term in the council. I use their strategy to develop the specification below and 
use fixed effects estimation with standard errors clustered on state1: 

1 Costa (2014) uses a similar strategy in his paper.  
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𝑙𝑛_𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑖𝑡 = 𝛼 +  𝛽1𝑦1𝑖𝑡 +  𝛽2𝑦2𝑖𝑡  + ∑  𝛽𝑖

11

𝑖=3

𝑦𝑖𝑖𝑡

𝑖𝑡

+ 𝛽4 𝑎𝑝𝑝𝑙_𝑖𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛽5 𝑎𝑝𝑝𝑙_𝑖𝑛𝑑𝑒𝑥𝑖𝑡

∗ 𝑟𝑎𝑡𝑖𝑜𝑛𝑖𝑛𝑔𝑖 + 𝛶𝑖 + 𝜂𝑡 + 𝛽𝑿𝑖𝑡 + 𝜀𝑖𝑡 

 
where 𝑙𝑛_𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑖𝑡  is the natural log of the amount of energy consumed by residences in the state 
i in year t, 𝑦1𝑖𝑡 and 𝑦2𝑖𝑡 equal 1 if state i was under rationing and the year was 2001 or 2002 
respectively, 𝑦𝑖𝑖𝑡 equals 1 in year i in states where rationing was implemented, 𝑎𝑝𝑝𝑙_𝑖𝑛𝑑𝑒𝑥𝑖𝑡is the 
index for sales of appliances in state i and year t, 𝑟𝑎𝑡𝑖𝑜𝑛𝑖𝑛𝑔𝑖 is a dummy variable that equals 1 if 
rationing was implemented in state i, and 𝛶𝑖 and 𝜂𝑡 are state and year fixed effects respectively. I 
also include a set of controls 𝑿𝑖𝑡 for time-variant state characteristics, drawing from Gerard (2013). 
 
This rationing policy can be considered a natural experiment. In 2001, 97 percent of Brazil’s 

electricity came from hydrological generation (Veja 2014). Any shock to the generation of 
hydroelectricity would imply a shock to aggregate supply of electricity of almost the same 
magnitude. Other sources of electricity were not meaningful enough to close the gap between 
supply and demand. Also, implementation of the policy depended on natural attributes of each state, 
such as pluviometric characteristics. Thus, the policy naturally generated a control and a treatment 
group, depicted in Figure 1. Nationwide infrastructure issues and inefficiency affected the country 
homogeneously. All states were also equally exposed to the national educational campaign. Finally, 
the shortage could not spillover from one state to another. The Brazilian electrical grid is partitioned 
into electric systems South, North, Southeast-Midwest and Northeast. Electricity cannot be 
transferred from one hydrological basin to the other and no states in the control group could help 
states under rationing manage the shortage. Residential consumption of electricity in a given state 
was therefore not correlated with that in states in a different treatment group. Thus, there can be no 
spillovers. 
 
I test the claim that this was a natural experiment using pre-drought data. Tables 2 and 3 provide 
evidence of the near-experimental assignment of the treatment and control groups. Only two of the 
control variables were statistically significantly different across groups for the year 2000: the Gini 
coefficient and the average age of the population. However, while statistically significant, these 
measures are small enough that they are not economically significant. We can therefore infer a 
causal relationship between the rationing policy and changes in residential electricity consumption, 
given the specification above. 
 
4. Results 
Figure 2 plots average residential consumption of electricity (log) by year for the treatment and 
control groups. The graph shows that average consumption in both treated and non-treated states 
declined between the years 2000 and 2001, and did not immediately return to pre-rationing levels. 
The group under the rationing policy shows a greater decline in consumption, which suggests that 
the policy was successful in promoting greater conservation. Moreover, the decline in the untreated 
group indicates that the policy had spillover effects. This is in line with previous findings, including 
those publicized by the Brazilian government during the period (Alkmin, Schmidt and Lima 2004). 
Average consumption had been increasing before 2000 for both groups, and started increasing 
again after 2002, which indicates that the trend was for consumption to continue to increase in 2001 
and 2002 had there not been a rationing policy. The fact that the trend was broken in 2001 and 2002 
suggests a causal relationship between the rationing policy and the decline in residential 
consumption of electricity in both groups.  
 
Table 4 presents the estimates for the empirical model listed above, using the natural log of 
residential consumption as the dependent variable. I estimate the effects of the rationing in 
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equations (1) and (2), including state fixed effects in the second. The coefficients in (1) are 
statistically insignificant, while coefficients in (2) are significant at the 1 percent level, suggesting 
unobserved heteroskedasticity and supporting fixed effects estimation. The coefficients in equation 
(2) indicate that, in states where the rationing policy was implemented, residential consumption of 
electricity was 25.2 percent lower in 2001 than in 2000, and 27.2 percent lower in 2002. These 
findings are in line with the policy’s requirement that consumption decline at least 20 percent 
during the rationing period. We see that, without controlling for anything other than the treatment 
itself in treated states, consumption fell more than was required. However, the decline is too large 
in magnitude given government reports.  
 
Equation (3) controls for year fixed effects to estimate nationwide effects of the policy. Year 
dummy variables control for changes in consumption in the control states, as well as the upward 
trend found in Figure 2. We find that, in relation to pre-rationing levels, nationwide consumption 
was 7.9 percent lower in 2001 and 6.9 percent lower in 2002. These results are statistically 
significant at the 1 percent level. The rationing policy spilled over state borders to have nationwide 
effects, as can be observed in the decline in consumption for both groups in Figure 2. However, the 
coefficients for y1 and y2 suggest that the rationing policy has no statistically significant effect on 
consumption. That might be because of omitted variable bias. As we can see in figure 2, average 
consumption in treated states took longer to return to pre-treatment levels. The upward trend for 
residential consumption, on the other hand, returned once the rationing was lifted. That means that 
the coefficients for the first couple of post-rationing years are expected to be negative and 
negatively correlated with y1 and y2. There could be positive bias in equation (3), causing the 
coefficients for y1 and y2, which are expected to be negative, to be biased towards 0.  
 
Equation (4) addresses the omitted variable bias in equation (3) by controlling for the differences 
in the time it took for states to return to pre-rationing levels of consumption. The coefficients for 
y3 through y11 estimate the permanence effects of the rationing in treated states, or if and when the 
effects of the policy ends in states where rationing was implemented. Similarly, the coefficients for 
the year fixed effects estimate the permanence effects in the control group. Controlling for 
permanence and year fixed effects, I find that consumption in control states was 5.9 percent lower 
in 2001 and 5.0 percent lower in 2002 than in 2000. These results are statistically significant at the 
1 and 10 percent levels, respectively. Treated states, however, reduced consumption by even more. 
In relation to pre-rationing levels, consumption was 11.0 percent lower in 2001 and 10.7 percent 
lower in 2002, totaling a reduction of over 20 percent under the policy and suggesting that semi-
voluntary policies can effectively achieve their conservation targets. These results are statistically 
significant at the 5 and 10 percent levels, respectively, indicating omitted variable bias in the 
estimation of the rationing effects in equation (3). 
 
Equation (4) also shows there is no evidence for permanence effects. Year fixed effects are 
statistically insignificant in 2003 and 2004, becoming statistically significant and positive starting 
in 2005. This indicates that residential consumption in untreated states returned to pre-rationing 
levels soon after the policy was lifted, and returned to the previous upward trend in two years. The 
coefficients for the interaction variables are not statistically significantly different from zero, with 
the exception of y6. An F-test indicated the other interaction variables, whose coefficients are 
negative but not statistically significant, are also not jointly significant.  Therefore, there were no 
real differences in permanence effects between treated and untreated states. Costa (2012) and 
Gerard (2013) argue that households subjected to the rationing policy changed their behaviors in 
the long run, moving to a steady state of lower consumption. I find that there were no such changes 
in steady state. In fact, reductions in consumption of electricity ended shortly after the end of the 
rationing policy in both treated and non-treated states. I look at the causal channels later in this 
section.   
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Note that the coefficient for y6 is negative and statistically significant. That is because a water 
shortage in 2006 affected many of the states treated in 2001-02. Officials had warned of another 
potential crisis back in 2002, when the crisis with which this paper is concerned ended (La 

Insignia 09/02/2006). The government did not take the necessary measures to address another 
water crisis. Fortunately, the shortage of 2006 was not as drastic as that of 2001. Nonetheless, we 
see a significant reduction in consumption in treated states in 2006. This suggests that, while 
residences did not switch to a new steady state, as Costa and Gerard claim, they did learn to 
conserve energy in emergency situations. Households are thus able to voluntarily reduce 
consumption in times of water shortage, even without a rationing policy.  
 
Equations (5) and (6) estimate whether behavioral changes or physical investments drove 
reductions in consumption. I use the sales of appliances as a proxy for household investments in 
energy efficient appliances, since households would need to buy new items to replace the less 
efficient ones. In equation (6), I account for the possibility that channels of reduction were 
different across treatment groups by adding interaction variable between the appliances index and 
the rationing variable. The findings are similar to those of equation (5). The impact of physical 
investments is not significantly different from 0 at the 10 percent level in either equation, and the 
coefficients for y1 and y2 are statistically significant and negative, indicating that the decline in 
residential consumption of electricity under the rationing was due to causes other than the closure 
of the efficiency gap. Thus, like Costa and Gerard, I find that the conservation of electricity that 
took place in 2001 and 2002 was not due to physical investments, but rather to changes in 
behavior during the time.   
 
Physical investments and behavioral changes are not completely independent, however. Davis, 
Fuchs and Gertler (2012) note that even efficient appliances might cause consumption of 
electricity to increase. It could be that households were conserving energy in other ways and 
believed they could use efficient appliances more intensively. In this case, consumption would 
have decreased because of behavioral changes and not because of the closure of the efficiency 
gap. This result may also suggest that the subsidies and information campaign only reached 
energy-efficient households. Allcott and Greenstone (2012) suggest that imperfect information is 
key determinant of electricity overuse, as well as efficiency gaps. They claim that both can be 
solved with information campaigns2. Energy inefficient households in treated states might have 
found it less costly to change their behaviors in the short run than to invest in new appliances. 
Once the rationing was lifted, the cost of consuming efficiently became too high. Since no 
physical investments had been made, long-term consumption was unaffected. This could explain 
the success of the policy in the short-term and the reversion to past consumption levels after a 
couple of years. 
 
Additionally, equations (5) and (6) estimate that nationwide effects were short-lived, which 
indicates that the steady state of energy consumption did not change. These findings are in line 
with those of equation (4). Controlling for physical investments, households in the control group 
reduced consumption by 10.3 percent on average, while households in the treatment group 
reduced consumption by 21.4 percent on average. Both groups returned to pre-treatment levels 
roughly three years after the policy was lifted. Similar to (4), we find that even though households 
in the rationing group did not move into a new steady state of lower consumption, they 
remembered the behavioral changes made in 2001 and 2002 and used them to conserve electricity 
in 2006, during the other water crisis.  

2  Through information campaigns, households can learn about the ways in which they might be over 
consuming electricity without knowing. They can also shed light on how much energy different appliances 
require, as well as how much can be conserved through physical investments.  
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Table 5 addresses the robustness of the findings from Table 4. Equations (7) and (8) control for 
the logarithm of the yearly electricity tariff in each state, the logarithm of average household 
income, state population and poverty rate as a proxy for employment3. The last three controls are 
not individually or jointly significant at the 10 percent level. However, I find that consumption is 
highly elastic to changes in the tariff rate: a 10 percent increase in the tariff rate (equivalent to 
R$2 for most states in 2011) yields an average reduction in consumption of 1.55-1.6 percent, or 
roughly one third of the overall reduction in 2001 under the rationing policy. Given the high 
statistical and economic significance of the tariff coefficient, we can argue that nationwide 
reductions in consumption are tied to the cost of electricity. Increases in tariff rate were therefore 
effective means of reducing household consumption.  
 
Additionally, residential consumption in treated states was 4.6 percent lower than the national 
average in 2001, controlling for physical investments and changes in the tariffs. We can therefore 
confidently argue that in 2001 the rationing affected residential consumption through behavioral 
means. Behavioral changes in treatment states can be attributed to both economic and social 
incentives, modeled by the tariff and the rationing variables y1 and y2. Note that in 2006, states 
affected by a new water shortage reduced consumption by 7.9 percent (significant at the 5 percent 
level), reinforcing the idea that households learned to change their behavior and to conserve when 
needed.  
 
5. Conclusion 
The paper finds no permanence effects of rationing. Like previous literature, we find that the 
program was successful during the water shortage. The policy also had spillover effects: national 
average consumption decreased during the drought, mostly due to the national information 
campaign and the tariff penalty. However, unlike Costa (2012) and Gerard (2013), I find no 
permanence effects in treated or untreated states. I also find that the efficiency gap does not 
account for most of the reduction, supporting Alcott and Greenstone (2012). Households 
voluntarily abided by the quota, changing their behavior in the face of shortage risks, but did not 
make significant physical investments that would have affected consumption in the long run. The 
national education campaign was successful in promoted changes in behavior in the short run. 
Information policies can successfully means promote countrywide conservation.  
 
This paper’s findings have policy implications. Semi-voluntary rationing programs are effective 
in the short run, but do not affect consumption patterns permanently. A policy similar to the 
Brazilian rationing would be effective in an emergency situation. Short-term success depends on 
the semi-voluntary nature of the policy and on the information campaign. Reiss and White (2008) 
found that successful reduction in electricity consumption depends on voluntary conservation 
responses. Allcott and Greenstone (2012) argue that imperfect information is key determinant of 
overconsumption of electricity, and so educational campaigns inform households about how to 
conserve energy and lead energy-efficient lives. Policies should also consider the 
interconnectedness of electricity with other public goods. Water availability in Brazil, for 
example, affects the availability of electricity. An understanding of how households view these 
relationships is key to creating a sense of urgency in conservation campaigns.  
 

3 Equation (7) includes a post-treatment dummy variable to account for all post-rationing years in treated 
states, while equation (8) includes variables y3 through y11. The results are very similar, and so equation (7) 
can be deemed valid. The benefit of (7) is that it contains less variables, and therefore has more degrees of 
freedom and greater consistency. Equation (8), on the other hand, enables the estimation of permanence 
effects.   
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The Brazilian case also indicates that households are more responsive to tariff changes than the 
literature has led us to believe. High elasticity of electricity consumption to changes in the cost of 
electricity itself suggests that new pricing policies for public goods can promote great 
conservation of natural resources. Haselhuhn et al. (2011) found that individuals are more likely 
to change their behavior when they have been fined and that risk-averse households reduce 
consumption in fear of the penalty. In the Brazilian case, households might have reduced 
consumption during the rationing so as to avoid paying fines, thus explaining the short run 
success of the semi-voluntary model with a loose quota and fines. As noted previously, reductions 
in consumption came from behavioral changes, and not physical investments, making long run 
changes more important to the sustainability of lower levels of electricity consumption. Once the 
policy was lifted, individuals went back to their old patterns, as evidenced by the lack of 
permanence effects. Future research should look at the effects of increasing tariffs based on how 
quickly consumption has been rising, and verifying whether new pricing policies can yield long 
run reductions in consumption.     
 
Finally, governments could implement a local or national permanent semi-voluntary quota system 
modeled after the Brazilian rationing policy. There wouldn’t necessarily be an emergency 

component to the policy, which would undermine household’s willingness to conserve. However, 
a large enough penalty might incentivize households to change their consumption habits and 
decrease their baseline levels of energy consumption. This policy would not yield long-term 
changes in behavior, but it would reiterate the short run effects of the rationing year after year. 
Similarly, the government could use information campaigns to raise awareness about climate 
change and create a sense of urgency around that, promoting conservation effects similar to the 
one found in 2006 in treated states. Another possibility is to create an information campaign that 
does not rely on scarcity as a justification, focusing instead on other messaging. Behavioral 
insights could be used to test the impact of different types of messages. Policies like these might 
face political difficulties, but would address the main issue at hand: the need to reduce demand 
for energy and other natural resources, taking necessary steps to mitigate climate change.  

 
6. Figures and Tables 
Figure 1: Map of Brazil, by States 
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Figure 2: Residential consumption of electricity by treatment group, 2000-2011 

 
 
Table 1: Description of the Variables 

Name  Description 

ln_consum 
Natural log of amount of energy consumed by residences in the state. Residential 
consumption measured in GWh 

rationing = 1 for states that underwent the rationing, = 0 otherwise. 
ln_income Natural log of average monthly income in 2013 Reais.  

ln_tariff 
Natural log of average tariff for residential electricity per hydrographic complex, 
measured in $/MWh 

prct_poverty 

Percentage of individuals with income per capita equal to or below RS$ 255.00, the 
equivalent of .5 minimum wage. This is limited to individuals living in permanent 
residences. 

pop Population size (in thousands). 
appl_index Index for nominal sales of appliances. Baseline is Jan 2000 (100). 

appl_treat 
Interaction variable between rationing and appl_index. Non-zero for states that 
underwent rationing.    

y1 = 1 in 2001 for all states where rationing was implemented 
y2 = 1 in 2002 for all states where rationing was implemented 
y3 = 1 in 2003 for all states where rationing was implemented 
y4 = 1 in 2004 for all states where rationing was implemented 
y5 = 1 in 2005 for all states where rationing was implemented 
y6 = 1 in 2006 for all states where rationing was implemented 
y7 = 1 in 2007 for all states where rationing was implemented 
y8 = 1 in 2008 for all states where rationing was implemented 
y9 = 1 in 2009 for all states where rationing was implemented 
y10 = 1 in 2010 for all states where rationing was implemented 
y11 = 1 in 2011 for all states where rationing was implemented 
post_treat = 1 post-rationing all states where rationing was implemented 
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Note: Variables y1 through y11 equal 1 if the interaction between the variable rationing and the year is non-zero. Testing for the 
functional form, I found no significant difference between the use of the natural log of consumption, income and the tariff, versus 
levels. In fact, natural logs seem to fit the model better, given Figure 2 and the linearity of the natural log of residential consumption 
over time.  
 
Table 2: Summary Statistics, year 2000 (pre-treatment) 
 

Variable Mean Std. Dev. Min Max 
 Treatment Control Treatment Control Treatment Control Treatment Control 
Consumption (log) 7.594 7.002 1.078 1.289 5 

.056 5.226 9.429 9.311 

Income (log) 6.279 6.311 .4837 .2950 5.566 5.997 7.270 6.743 
Tariff (log) 5.163 5.157 .2689 .1882 4.811 4.933 5.575 5.462 
Population (1000) 7929 3866 9156 3833 1824 337 37800 10267 
Home Access to 
Water 73.94 66.34 18.50 21.68 32.83 36.49 97.81 96.42 

Gini .6034 .5798 .0172 .0185 .564 .555 .629 .610 
Poverty Rate 57.85 54.60 18.23 14.41 26.55 31.4 81.41 69.77 
Fridge Ownership 75.99 76.98 15.00 13.51 53.18 58.88 96.83 95.78 
Average Age 27.22 25.28 1.489 2.949 24.64 22.20 30.67 30.67 
Percent of State in 
Arid Zone 64.82 9.12 33.27 28.77 0 0 100 91 

Table 3: Natural Experiment Verification, pre-treatment and post-treatment data 

Differences in Mean Between Control and Treatment Group 
Variable Difference 
 Pre Post 
Consumption (log) -0.592 

(0.462) 
0.535 

(0.4497) 
Income (log) 0.032 

(0.169) 
0.090 

(0.148) 
Tariff (log) -0.006 

(0.097) 
-0.143 

(0.069)* 
Population (in thousands) -4063.22 

(3059.64) 
-4153.92 
(3136.53) 

GDP per capita (log) -0.433 
(0.459) 

0.074 
(0.213) 

Gini 0.024 
(0.007)*** 

-0.030 
(0.012)** 

Education 0.181 
(0.415) 

0.623 
(0.426) 

Average Age -1.943 
(0.850)** 

-1.985 
(0.882)** 

Poverty Rate -3.250 
(6.756) 

-3.423 
(5.913) 

Fridge Ownership 0.994 
(5.772) 

7.978 
(4.62)* 

Home Access to Water -0.076 
(0.079) 

0.046 
(0.061) 

 
Note: Differences between mean calculates for control minus treatment values. Standard errors are reported in parentheses for the 
difference across means for the treatment and control groups. The pre-treatment period corresponds to the year 2000, and the post-
treatment year to 2002.  
*Significant at the 10 percent level  ** Significant at the 5 percent level  *** Significant at the 1 percent level. 
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Table 4: Estimation Results, Permanence Effects and Causal Channels 
Changes in Residential Consumption of Electricity by state, 2000 to 2011 

Dependent variable: Natural Log of Residential Consumption in GWh 
 (1) (2) (3) (4) (5) (6) 

y1 -0.004 -0.252 -0.020 -0.051 -0.051 -0.055 
 0.282 (0.018)*** (0.030) (0.025)** (0.025)** (0.024)** 

y2 -0.001 -0.272 -0.026 -0.057 -0.058 -0.061 
 0.282 (0.016)*** (0.030) (0.032)* (0.032)* (0.032)* 

y3    -0.037 -0.038 -0.037 
    (0.028) (0.029) (0.028) 

y4    -0.034 -0.035 -0.037 
    (0.025) (0.026) (0.027) 

y5    -0.047 -0.047 -0.060 
    (0.029) (0.029) (0.031)* 

y6    -0.057 -0.058 -0.090 
    (0.033)* (0.033)* (0.039)** 

y7    -0.034 -0.035 -0.081 
    (0.036) (0.037) (0.052) 

y8    -0.016 -0.016 -0.072 
    (0.046) (0.046) (0.066) 

y9    -0.015 -0.015 -0.078 
    (0.049) (0.048) (0.073) 

y10    -0.030 -0.031 -0.112 
    (0.060) (0.059) (0.089) 

y11    -0.039 -0.042 -0.150 
    (0.064) (0.061) (0.105) 

Sales of Appliances     -0.001 -0.001 
     (0.001) (0.001) 

Appliances * Rationing      0.001 
      (0.001) 

2001   -0.079 -0.059 -0.059 -0.056 
   (0.023)*** (0.020)*** (0.020)*** (0.020)*** 

2002   -0.069 -0.050 -0.049 -0.047 
   (0.024)*** (0.026)* (0.026)** (0.026)* 

2003   -0.037 -0.013 -0.013 -0.012 
   (0.014)** (0.022) (0.023) (0.023) 

2004   -0.006 0.015 0.016 0.019 
   (0.013) (0.019) (0.020) (0.020) 

2005   0.051 0.081 0.083 0.089 
   (0.014) *** (0.025)** (0.026) *** (0.026)*** 

2006   0.087 0.123 0.128 0.144 
   (0 .017)*** (0.026)*** (0.030) *** (0.029)*** 

2007   0.151 0.172 0.181 0.204 
   (0.018)*** (0.028)*** (0.037) *** (0.035)*** 

2008   0.213 0.223 0.232 0.258 
   (0 .022) *** (0.035)*** (0.042) *** (0.040)*** 

2009   0.286 0.296 0.306 0.336 
   (0.024)*** (0.038)*** (0.047) *** (0.045)*** 

2010   0.370 0.390 0.403 0.442 
   (0.028)*** (0.050)*** (0.059) *** (0.055)*** 

2011   0.419 0.444 0.463 0.518 
   (0.030)*** (0.052)*** (0.070) *** (0.064)*** 

State FE No Yes Yes Yes Yes Yes 
Observations 324 324 324 324 324 324 

R2 overall 0.0000 0.0001 0.018 0.0107 0.0150 0.0392 
Note: reported standard errors in parentheses are clustered on state. Constant omitted from results. 
*Significant at the 10 percent level  ** Significant at the 5 percent level  *** Significant at the 1 percent level.  

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

175

PAGES 165-177



Table 5: Changes in residential consumption of electricity by state, with controls 

Dependent variable: Natural Log of Residential Consumption in GWh 
 (7) (8) 

y1 -0.046 -0.046 
 (0.025)* (0.025)* 

y2 0.005 -0.037 
 (0.022) (0.039) 

Post Treatment -0.040  
 (0.029)  

y3 – y5  Omitted 
  (not significant) 

y6  -.079 
  (.036)** 

y7 – y11  Omitted 
  (not significant) 

Sales of Appliances -0.0003 -0.0007 
 (0.0005) (0.0005) 

Appliances * Rationing 0.0005 0.001 
 (0.0005) (0.001) 

Tariff (log) -0.155 -0.160 
 (0.048)*** (0.046)*** 

Income (log) 0.0002 0.009 
 (0.035) (0.037) 

Population (in thousands) -0.00003 -0.00002 
 (0.00003) (0.00003) 

Poverty Rate -0.0005 -0.0007 
 (0.001) (0.001) 

2001 -0.061 -0.066 
 (0.038) (0.039) 

2002 -0.036 -0.040 
 (0.042) (0.043) 

2003 0.014 -0.002 
 (0.036) (0.039) 

2004 0.071 0.060 
 (0.039)* (0.039) 

2005 0.146 0.146 
 (0.045)*** (0.043)*** 

2006 0.191 0.205 
 (0.054)*** (0.051)*** 

2007 0.264 0.271 
 (0.058)*** (0.056) *** 

2008 0.326 0.322 
 (0.065)*** (0.065)*** 

2009 0.407 0.409 
 (0.069)*** (0.068)*** 

2010 0.503 0.523 
 (0.068)*** (0.070)*** 

2011 0.552 0.597 
 (0.086)*** (0.085)*** 

State FE Yes Yes 
Observations 324 324 

R2 overall 0.0098 0.0014 
Note: reported standard errors in parentheses are clustered on state. The coefficients for variables y3 through y5 and y7 through y11 
were not reported in equation (8), but the results were the same as in (7). Constant omitted from results. 
*Significant at the 10 percent level  ** Significant at the 5 percent level   *** Significant at the 1 percent level. 
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Do Equity Markets Incorporate
Bond Market Expectations?

Lim Jia Jun (JJ)
University of Warwick1

Abstract

In this novel paper, I investigate whether equity markets are efficient in incorporating future economic
activity implied by bond markets. Much research has been done on the predictive power of corporate bond
spreads for future economic activity and on the efficiency of equity markets, yet the topic on whether equity
markets incorporate bond market expectations remains largely unexplored. I present 3 different methods of
testing this proposition, as a means of robustness. I examine the impulse response functions and Granger
causality in a macro-financial Vector Autoregression and find that there is statistically significant predictive
power for equity returns in corporate bond spreads. Having found this inefficiency, I extend the analysis
to investigate whether recursive forecasts for S&P 500 returns in-sample would lead to superior returns,
and find that this is the case. Also, I observe that stock markets error-correct to disequilibrium in a co-
integrating relationship with BBB-rated corporate bond total returns in a Vector Error Correction Model.
These results pose a serious challenge to the semi-strong form of the efficient markets hypothesis I put
forward that this inefficiency may be the result of systemic biases on the part of investors which can be
explained by cumulative prospect theory and skewed returns. In conclusion, this paper finds that equity
markets are semi-strong inefficient, and proposes that financial market participants and policymakers place
greater weight on bond market developments.

Keywords: Financial market efficiency; credit spreads; forecasting

JEL Classification Codes: C32, G12, G14, G17

1I would like to express my sincere gratitude to Dr. Alexander Karalis Isaac for his invaluable guidance and feedback. I am grateful
for Dr. Gianna Boeros nomination for this paper to the Carroll Round. Any errors are my own.
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1. Introduction 

Prior to the financial crisis, much of what constitutes mainstream economics was represented in the 
financial sector by a single interest rate in macroeconomic models1. The great financial crisis and 
subsequent global slowdown have spurred interest in the importance of credit and financial frictions in 
the intermediation of capital, finding that corporate bond spreads have a high level of predictive power 
for future economic activity through the financial accelerator. 

In tandem with the neoclassical revolution in economics, the efficient markets hypothesis has dominated 
discussion for much of the same period2. Developments in behavioural finance3 have cast a shadow 
over the supposed incorporation of all relevant information by security prices, highlighting the 
importance of psychology in the stock market. However, the link between whether equity markets 
incorporate the systemic information present in bond markets remains unexplored. 

Thus, this study will be devoted to examining whether equity markets are semi-strong efficient with 
respect to bond markets. Equity market inefficiency has profound significance: it is assumed in the 
pricing of a vast amount of financial securities and used to derive the cost of capital for management 
decisions at the firm-level. As tools for real-time forecasts of future economic activity, policymakers 
have looked to equity markets as a leading indicator. 

A high-level macroeconomic modelling approach will be employed, using aggregated S&P 500, 
corporate bond and macroeconomic data from 1989 to 2015 for the United States. I will highlight the 
predictive power of bond spreads, contrast the informational content in bond markets compared to 
equity markets and explore Granger causality between the two. I will then investigate if the predictive 
power I’ve found is material, through 1-step ahead forecasts. Finally, I will explore co-integration 
between the stock and bond markets. I find that indeed an inefficiency exists, which I attribute to 
systemic biases on the part of investors stemming from cumulative prospect theory. 

1.1 Literature Review 

The financial system and the real economy 

Bernanke et al. (1999) have made seminal contributions to the understanding of how the financial sector 
amplifies economic shocks with the theory of the financial accelerator. Firms are modelled as having 
internal and external sources of financing production, with external sources being more expensive due 
to asymmetric information. A shock which increases the cost of external funding will result in firms 
cutting back production, dampening economic activity. Balance sheet quality deteriorates as a result of 
a higher cost of credit which reduces a borrower’s net worth. This was supported by findings in 
Bernanke and Gertler (1996), where they find that small firms (with significant agency costs), are hit 
hardest by a recession due to an increased withdrawal of bank credit relative to large firms.  

Minsky (1992) was an earlier proponent of the role of credit and financial institutions in the business 
cycle with his Financial Instability Hypothesis. Though both Bernanke (1999) and Minsky (1992) share 
the same views on how the financial system exacerbates economic shocks, Minsky highlights the role 
of psychology and history in the evolution of the economy from boom to bust, much in line with modern 
behavioural finance literature. This is in contrast to Bernanke, who models the financial accelerator in 
a DSGE framework, with rational, forward-looking agents. 

 

 

1 Rudebusch (2010) provides a survey of empirical macro-financial models 
2 See Fama (1970) for a review of the efficient markets hypothesis 
3 Shiller (2014) summarises key findings in behavioural finance 
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Credit spreads as a predictor of future economic activity 

Bernanke (1990) extends earlier work on the predictive power of the term spread4 to consider the spread 
between commercial paper and the T-bill rate, using a VAR model. He finds that the predictive power 
of the term spread since the 1980s has significantly deteriorated, which he attributes to the 
internationalisation and deregulation of the US financial sector, though the commercial spread remains 
a good predictor.  

However, commercial paper is a short-term, unsecured source of funding for corporations with high 
credit ratings, hence is unlikely to be an appropriate representative of the financial accelerator. Credit 
shocks to spreads on lower-rated corporate bonds are likely to be representative of the cost of credit of 
many more firms. 

Mody and Taylor (2003) use data from 1991 to 2001 and regress the cumulative percentage change in 
real industrial production on high yield spreads for the US to empirically test for the financial 
accelerator. They find that the predictive content of high yield spreads is very high, with greatest 
predictive power 3 to 4 quarters ahead. However, the authors use only spreads of bonds of credit rating 
BBB3 and lower in an index composed of different maturities – a detailed treatment would have 
involved testing the predictive power of corporate bond spreads of different maturities and credit 
ratings. 

Mueller (2009), constructs a macro-finance term structure model consisting of GDP, inflation, treasury 
yields and credit spreads to test the predictive power of corporate bond spreads. The analysis is detailed, 
testing bonds of different credit ratings and of different maturities. Mueller finds that intermediate risk, 
long-maturity bonds explain 50% to 65% of overall predictive power. 

Implications for equity market efficiency 

Fama and French (1989) in a seminal paper found significant predictability of excess stock market 
returns based on the term spread, default spread and dividend yield. The authors attribute this 
predictability to variations in risk-aversion: the default spread was high during business cycle peaks and 
low during business cycle troughs. They argue rational variations in risk-aversion generated the excess 
stock returns. 

Gilchrist, Yankov and Zakrajsek (2009) utilise extensive and detailed data - the authors match publicly-
traded firms to their corporate bond yields and form portfolios of them based on their credit rating. 
Using a FAVAR model, pioneered by Bernanke et al. (2005), the authors find that equity market returns 
have very little predictive power or systematic component, and largely reflect idiosyncratic news about 
earnings growth. This indicates a departure from efficient markets, as stock prices do not incorporate 
all relevant information about the firm’s future earnings. However, the authors missed the opportunity 

to further expand on implications for equity market efficiency and investigate this finding.  

Phillipon (2009) deduces Tobin’s q, a measure of whether firms should undertake investments, using 

the bond market. Phillipon finds that the bond market’s q has significant predictive power for business 

fixed investment, fitting the investment equation 6 times better than the equity market measure of q. 
Phillipon argues that this may be because the bond market is less susceptible to bubbles than the equity 
market. 

Thus the contribution of this paper to is to build on previous work and take an alternative approach to 
that in Fama and French (1989), using different statistical techniques to argue that the predictability of 
excess stock returns in bond markets is due to a market inefficiency and not variations in risk-aversion. 

4 Estrella and Hardouvelis (1991) provide an early analysis of the predictive power of the term spread (the 10-year over 3-
month Treasury bill rate) 
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1.2 Hypothesis 

Equity markets, as present-value claims on residual cash-flows should reflect new information from 
bond markets on expectations of future economic activity, as this will directly impact the cash flows of 
firms. To test this, a macro-financial VAR model is estimated in order to investigate the impulse 
response functions and Granger causality. The null hypothesis is that there is semi-strong market 
efficiency: equity markets incorporate all publicly available information. 

Hypothesis 1:  There will be an immediate and one-off reaction by equity markets to a shock in the 
bond market  

However, a lagged or persistent return that is statistically significant, would imply semi-strong 
inefficiency as equity markets should incorporate all publicly available information. This will be 
examined by estimating the impulse response function from the VAR. 

Hypothesis 2: Corporate bond spreads should not Granger cause equity market returns 

This is because granger causality implies predictive power from past information, which would indicate 
a market inefficiency. The use of Granger causality in a VAR to identify market inefficiencies have 
been used by Campbell and Shiller (1998). 

Hypothesis 3: There will be no error-correction by stock markets if there exists a co-integrating 
relationship with bond markets 

Granger (1986) explains that if two financial series are co-integrated this implies a market inefficiency: 
error-correction in the model means that future values of the series can be predicted from past 
information. Thus, this paper will investigate whether there is any co-integrating relationship between 
the bond and equity market total returns and evidence of error-correction in a VECM. 

As each econometric method is a different means of inferring market efficiency, I utilise 3 different 
methods to ensure robustness. 

2. Data Overview and Methodology 

2.1 Data overview 

Macroeconomic data on industrial production, inflation (core CPI) and the federal funds rate were 
downloaded from the Federal Reserve Economic Database. Natural logarithms are used for all variables 
(except for interest rates or spreads) to account for potential non-linearity. 

Corporate bond spreads and total return indices (by credit rating AAA to CCC) were obtained from 
Moody’s and the Bank of America Merrill Lynch Global Bond Indices Database (description in 
appendix). This was supplemented by S&P 500 index prices from Datastream. Monthly averages of 
bond spreads were used, due to illiquidity in bond markets leading to volatile spreads, with end-of-
month S&P 500 levels. 

This dataset spans the period from January 1989 to June 2016. However, option adjusted spreads and 
total return indices of high yield bonds were only available from December 1996. 

It is important to note that for the VAR, inflation and industrial production data were lagged one month, 
unlike in the future economic activity regressions. With this correction, the recorded month of the data 
is the release month, so that forecasts would be from one end-of-month to the next. This allows for a 
test of the efficient-markets hypothesis. Different release/observation dates is not an issue as the VAR 
consists solely of past information at least a month old. 
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2.2 Future economic activity regressions 

To compare the predictive power of various corporate bond spreads, I regress cumulative future 
industrial production on current levels of the spread. This technique is adapted from Mody and Taylor 
(1995). Cumulative future industrial production is defined as follows: 

1200 ( )k t k t k tind ind ind
k

      

Where k denotes the forecasting horizon in months. This is multiplied by 1200/k to ensure that the 
percentage growth rate is expressed in annualised terms. The basic regressions are of the form: 

1 1k t k t tind SPREAD       
The regressions cover the period from 1996-2015 to allow for a fair comparison. 

2.3 VAR model 

Sims (1980) argues against single-line equations in time series econometrics, as macroeconomic 
variables are likely to be highly endogenous. The use of a VAR is key to exploiting the endogeneity 
between the credit spread and economic growth, as improved economic activity reduces the probability 
of default, which reduces credit spreads, further stimulating economic activity. A possible weakness of 
this approach is omitted variable bias – I control for this as much as possible by modelling important 
macroeconomic variables. 

I will build on the VAR model used in Bernanke and Gertler (1995), following the identification 
strategy for credit spreads in the extension of the model used in Mueller (2009). Therefore, the model 
and ordering of variables for the Cholesky identification of shocks is as follows: 
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Where s=16 is selected according to the lack of serial correlation and stationarity of residuals (shown 
in appendix). FFR is the federal funds rate, SPREAD the chosen corporate bond spread, and SPX the 
S&P 500 price level. Only one spread is taken to represent the bond market, as there is a high degree 
of co-linearity between bond spreads which would lead to imprecise estimates. 

The Cholesky decomposition imposes a causal ordering on variables, such that a lower-ordered variable 
responds to its own shock, and to the shocks of the variables above it. This is in order to orthogonalise 
the residuals, so that they may be interpreted. Thus, I identify a disturbance to the bond spread equation 
in the VAR as a shock to the bond market, and responses of other variables in the system as structural 
responses to the unanticipated change in the bond spread. As equity markets adjust relatively quickly 
to shocks, I utilise monthly data. 

The ordering of variables is chosen based on Bernanke and Gertler (1995): industrial production is a 
key determinant of inflation, and the Federal Reserve reacts to contemporaneous information such that 
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monetary policy responses only feed back into the economy next month. The relative rankings of the 
S&P 500 return and bond spread is a matter of debate, on whether equity market shocks should be 
ordered to react to contemporaneous bond market shocks or vice versa. For robustness I also estimate 
an impulse response function with the ordering of the S&P 500 return and bond spread reversed. 

A concern would be heteroscedasticity, especially that present in financial variables (detailed in 
appendix). This violates the OLS assumption that residuals are normally distributed, possibly leading 
to inefficient estimates. However, I rely on consistency and a large sample size, which would result in 
the Granger causality test and impulse response function being asymptotically valid. 

2.4 VECM model 

A two-variable VECM model is estimated, between the S&P 500 index and corporate bond total return 
index, as follows: 
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The choice of r is informed by the lack of serial correlation and information criteria. The number of co-
integrating relationships is determined using the Johansen test, and resulting VECM estimated. 

3. Results and discussion 

3.1 Predictive power of corporate bond spreads 

Months  
ahead 

AAA-
10YR 

BBB-
10YR 

AAA-
FFR 

BBB-
FFR 

Commercial  
Spread 

Treasury  
Spread FFR S&P 500  

return 

1 0.1120 0.1925 0.0076 0.0341 0.0471 0.0006 0.0006 0.0176 
3 0.1893 0.3272 0.008 0.0484 0.1675 0.0000 0.0001 0.1047 
6 0.1466 0.2447 0.0006 0.0204 0.2112 0.0015 0.0010 0.0943 
9 0.0922 0.1504 0.0032 0.0021 0.1735 0.0089 0.0048 0.0747 

12 0.0468 0.0793 0.0190 0.0025 0.1146 0.0222 0.0109 0.0635 
18 0.0007 0.0062 0.0822 0.0481 0.0545 0.0673 0.0305 0.0408 
24 0.0174 0.0033 0.1805 0.1272 0.0218 0.1563 0.0500 0.0243 

Note: R-squared of regression tabled, colour-code based on relative R-squared levels 

It is clear that the AAA and BBB spreads over the 10-year rate have greater predictive power for the 
short run compared to the FFR spread. In particular, the R-squared values (proportion of variation 
explained) indicate that the greatest forecasting power for industrial production is 3 to 6 months ahead, 
with little long-run forecasting power. The intermediate credit-risk BBB spread has greater predictive 
power over the AAA spread as it is more representative of the price of credit to a greater proportion of 
firms.  

Estrella and Mishkin (1996) have found that the term spread is the best predictor of recessions, while 
equity markets are useful at 1-3 quarter horizons. It is interesting to note that the term spread does best 
at predicting long-run (24 month) economic activity. Equity markets still have predictive power, though 
a lot less than bond spreads. Thus, this basic regression framework already suggests equity markets are 
not incorporating all the information present in bond markets, as the latter predicts economic activity 
better. 

  Option Adjusted Spreads 
Months  
ahead 

AAA AA A BBB BB B CCC 
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1 0.2864 0.2483 0.2471 0.2174 0.1821 0.2056 0.1546 
3 0.5479 0.4807 0.4706 0.4028 0.3537 0.4085 0.2991 
6 0.5302 0.4652 0.4311 0.3283 0.2884 0.3453 0.2263 
9 0.4174 0.3851 0.339 0.2258 0.1952 0.2422 0.1431 
12 0.3024 0.2890 0.2384 0.1424 0.1220 0.1526 0.0805 
18 0.1477 0.1403 0.0985 0.0414 0.0319 0.0364 0.0146 
24 0.0703 0.0584 0.0338 0.0069 0.0019 0.0022 0.0001 

 

I expand previous work to consider option-adjusted spreads (OAS) which are calculated over a spot 
treasury yield curve. These are expected to better reflect the cost of credit, as it prices in the option of 
the bond issuer’s right to recall its bonds and re-finance at a lower rate. The OAS forecast future 
economic activity better. However, it is surprising to note that the higher-rated OAS have better 
predictive power. This may reflect the financial crisis, when liquidity in wholesale financing 
evaporated, effectively leading to a ‘run on the banks’, many of which had high credit ratings. 

In selecting a spread for the VAR analysis, I choose the BBB minus 10-year treasury spread.  Though 
the OAS explain a greater amount of economic activity, they are only available from 1997, whereas 
data on the BBB spread is available from 1988. 

3.2 VAR analysis  

3.2.1 Systemic information in bond spreads compared to equity market returns 

I first consider the systemic information in bond markets compared to equity markets, by interpreting 
the impulse response functions of macroeconomic variables to a shock in the bond vs equity market. 

Effect of shock to the BBB spread 

Industrial production 

 

Inflation: 

 
Federal Funds Rate 

 
 

BBB spread 
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A 1 standard deviation (1.2%) positive shock to the BBB spread is estimated, which represents a 
negative shock to bond market expectations, i.e. higher price of credit for firms. The spread increases 
for 3 periods and declines gradually, indicating shocks are highly persistent. The statistically significant 
negative effect on industrial production lasts up to 15 months. Inflation turns negative for up to 24 
months as a result of the economic contraction and monetary policy is loosened in response. Thus, 
shocks to bond market expectations have wide implications for the economy. 

In contrast, a shock to equity markets have much less effect. A positive 3.0% shock to the S&P 500 is 
estimated: the only statistically significant effect is for industrial production, where there is a positive 
effect at the second month, indicating some predictive power. However, equity markets have no 
systemic information regarding inflation, interest rates or the bond market, implying it largely reflects 
idiosyncratic information. 

With bond markets containing a much greater level of systemic information that equity markets, a 
natural question to ask is whether there is any potential for informational arbitrage, such that corporate 
bond spreads can predict equity market returns. 

3.2.2 Equity market response to a shock in the corporate bond spread 

Ordering 1 

 

Ordering 2 

 
The impulse response function is graphed and tabulated (see appendix). The null hypothesis is that in 
semi-strong efficient markets there is an immediate shock at step 0, with no effects after. In the first 
ordering, there is an immediate reaction by equity markets to the shock. However, equity markets 
display statistically significant (at the 5% level) negative returns to the shock at the 2nd, 4th and 11th 
(marginally) month, implying that equity markets fail to take into account the persistent effects of bond 
market shocks on future economic activity, as outlined above in 3.2.1.  Thus, I reject Hypothesis 1. 

I reverse the ordering of the S&P 500 returns and BBB spread for the Cholesky decomposition such 
that the S&P 500 is only affected by the BBB spread in period 1 (Ordering 2). I still reject Hypothesis 
1, as there is a statistically negative return at the 1st, 2nd and 4th lag. Thus, this indicates the IRF results 
are robust. 

3.2.3 Multivariate Granger causality analysis 

 Excluded lagged variable 

Equation ln( )tind  ln(CoreInf )t  tFFR  10 tBBB YR  ln( )tSPX  

ln( )tind  - 0.784 0.030** 0.000*** 0.001*** 

ln(CoreInf )t  0.014** - 0.002*** 0.084* 0.063* 

tFFR  0.293 0.274 - 0.020** 0.553 

10 tBBB YR  0.001*** 0.039** 0.000*** - 0.846 
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ln( )tSPX  0.005*** 0.137 0.000*** 0.000*** - 

Note: P-values reported, statistical significance at: ***1% level, **5% level, *10% level 

 
A Granger causality test is undertaken, which tests the validity of excluding a variable from a structural 
equation, which is a test of forecasting power. At the 5% level, both the S&P 500 return and BBB spread 
contain predictive power for economic activity, holding all else constant. The relationship goes in the 
opposite direction as well, with past industrial production activity granger causing the spread and S&P 
500 returns, indicating feedback effects between the financial and real sectors. 

The Granger causality tests reject hypothesis 2, as at the 5% level, past industrial production activity, 
the federal funds rate and the BBB spread have predictive power for S&P 500 returns. In particular, the 
predictive power of BBB spread for S&P 500 returns is significant at the 1% level.  

Though Fama and French (1989) put forward that the predictive power of the bond spread for equity 
returns is due to rational variations in risk-aversion, I find that S&P 500 returns have no predictive 
power for the BBB spread. Variations in risk aversion should find equity returns having predictive 
power for corporate bond spreads as well, which is not the case. Instead of a high spread indicating high 
risk aversion and higher excess returns, I find the opposite: the long-run effect of a 1% elevated spread 
is a -0.2% excess return, implying higher risk aversion in the bond market predicts negative returns in 
the equity market. 

3.2.4 Value of recursive forecasts 

Having found significant Granger causality in the VAR model for S&P 500 returns, I extend this 
analysis to consider whether real-time in-sample forecasts could inform an alpha-generating trading 
strategy. This is a test of whether the predictive power/inefficiency is exploitable. I generate 1-step 
ahead recursive forecasts from 2000 to 2015 to inform a simple timing strategy which would hold the 
market index if positive returns are predicted, and hold cash otherwise. 

Over the period, the annual return of the timing model would be 6.36%, compared to 2.20% for the 
market index. The outperformance can be attributed to inclusion of the BBB-10YR spread: removing 
this, the strategy no longer outperforms the market. 

In testing for Jensen’s alpha as in the Capital Asset Pricing Model, I run the following regression: 

(R )P f M fR R R       

Where PR is the return on the portfolio, R M the S&P 500 return and fR  the 3-month T-bill transformed 
into a monthly risk-free rate. The CAPM regression is given below: 

 Coefficients Standard Error t-statistic P-value 

 ** 0.003734 0.00154 2.419 0.017 

 *** 0.386 0.0353 10.93 0.000 

 
The alpha is statistically significant at the 5% level, at a 4.6% annualised rate. The market exposure of 
this strategy is low, at only 0.386. Though one would argue that transaction costs from altering market 
exposure would make this a costly strategy, the S&P 500 index is highly liquid and investors could 
cheaply alter their market exposure through the use of futures. Also, changes to market exposure are 
relatively infrequent, as they are made on a monthly basis. 

In testing for market-timing ability, I follow Treynor and Mazuy (1966) in implementing an extension 
to the CAPM regression: 
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Where represents market-timing ability: As the first derivative with respect to the equity risk premium 

is 1
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d R
 


  


 , this evaluates the ability of the strategy to increase market 

exposure when market returns were positive, and reduce them when market returns were negative, based 
on recursive forecasts. 

  Coefficients Standard Error t-statistic P-value 

  -0.0003 0.00174 -0.171 0.864 

1 *** 0.429 0.0351 12.20 0.000 

 *** 2.074 0.478 4.341 0.000 

Thus, all of the model’s out-performance can be attributed to statistically significant (at the 1% level) 
market-timing ability, implying an inefficiency. 

This is supported by a regression of actual on predicted S&P 500 returns which finds that the prediction 
has a coefficient that is positive and statistically significant at the 5% level. Thus, the predictability of 
returns based on past information indicates semi-strong inefficiency.  

The two periods of outperformance would be attributed to the periods of the 2001 recession and 2007 
financial crisis. The model predicted significant negative returns whereas equity markets lost their value 
closer to the recessions. This indicates a deviation from fundamental value, as bond spreads predicted 
significantly reduced economic activity leading up to these market declines, which equity markets failed 
to incorporate. 

3.3 VECM analysis 

I apply the Johansen test to various bond total return indices and the S&P 500 index. A restricted trend 
is used as I expect the relationship to change deterministically over time as bonds, which have the most 
senior claim, have lower long-run returns than equity. The results of the trace statistic points towards a 
co-integrating relationship in intermediate-risk credit, particularly for bonds rated BBB and below. In 
this section, I focus on the BBB total return index, denoted TRIBBB. 

The co-integrating equation is statistically significant (p-value 0.000) and is given below: 

*** ***ln( ) 46.0 10.96 ln( ) 0.059t tSPX TRIBBB t      

With the two main equations: 

*** ** ***
1 1 1

**
1 1 1

ln( ) 0.0057 0.0031 0.220 ln( ) 0.0031 ln(SPX )

ln(SPX ) 0.0020 0.0087 0.212 ln( ) 0.0018 ln(SPX )
t t t t

t t t t

TRIBBB ecm TRIBBB

ecm TRIBBB

  

  

      

      
  

A restriction test on the error-correction term for the S&P 500 index gives a p-value of 0.015, hence I 
reject the null hypothesis of no error-correction at the 5% level, and reject hypothesis 3. This indicates 
that the S&P 500 return can be predicted from past information, namely the error-correction term, which 
would be a violation of semi-strong efficiency. 

However, Fama (1991) argues that the predictability of asset prices, in particular due to error-correction, 
would not invalidate the efficient markets hypothesis, as a more sensible form of market efficiency 
would be that the marginal benefits of acting on information do not exceed the cost. I argue that a 
qualitative observation of the co-integrating relation proves otherwise: 
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When the co-integrating error is above 0.5 this was later corrected by severe stock market declines. 
There were large market declines in the 1990s recession, 2000 dot-com bubble, 2001 recession, and in 
the 2008 global financial crisis. These were coincident with when equity markets continued to increase 
whereas returns in bond markets stagnated/became negative. Thus, there was a lagged reaction by equity 
markets to bond market losses, and the errors in the relationship were too large for error correction in 
stock markets to be due to liquidity issues preventing incorporation of information. The co-integrating 
equation also has predictive power for 5-year BBB bond returns, which is detailed in the appendix. 

3.4 Behavioural explanation 

Phillipon (2009) puts forward that bond markets are less susceptible to bubbles than equity markets. He 
cites Barberis and Huang (2008) who posit how cumulative prospect theory would lead to investors 
systemically over-valuing securities with positively skewed returns. 

I build on the argument to focus on the structure of cash flows which lead to skewed returns. Equity 
holders receive residual cash flows, hence experience positively skewed firm-level returns as in 
Alberquerque (2010): they can only lose the equity investment, but have unlimited upside. Bond holders 
receive contractually obligated cash flows with no upside, but potential for downside: hence, bond 
holders focus solely on downside risk with negatively skewed returns. Indeed, Graham and Dodd (2009) 
write that bond selection is a negative art, with emphasis on the avoidance of loss.  

The combination of skewed returns and cumulative prospect theory may be the micro-foundations for 
the findings in this paper. Equity markets may be systemically over-valued relative to future 
macroeconomic developments implied by bond markets. 

3.5 Limitations and further avenues for research 

The analysis utilises a top-down approach due to limited data availability and may fail to model 
important microeconomic dynamics. A better approach would be the one taken in Gilchrist, Yankov 
and Zakrajsek (2009), where publicly traded companies were matched to their specific bonds to form 
tranches of various credit ratings. The FAVAR model used would greatly improve the analysis as other 
bond market indicators may be included, better capturing bond market expectations - different spreads 
capture differing information regarding future economic activity, as shown in section 3.1. 

Additionally, VAR models suffer from inefficient estimates due to low degrees of freedom as a result 
of an unrestricted lag structure, though are straightforward to estimate. Ciccarelli & Rebucci (2003) 
argue that a Bayesian VAR approach would produce more accurate forecasts and better coefficient 
estimates: in modelling financial data, the Kalman filter can be used to estimate time-varying 
coefficients that capture changing market expectations, with non-normal data treated as coming from a 
fat-tailed prior distribution. The non-linear dynamics inherent in business cycles and expressed in 
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Minsky’s financial instability hypothesis may be captured by regime-switching models estimated using 
this technique. 

Recent events would highlight the importance of implications to credit shocks in different sectors of the 
economy. The massive fall in commodity prices had led to higher defaults in the energy and materials 
sector, with widened spreads on average. It would be highly pertinent to consider the wider implications 
of this for the economy, especially with the opposing effect of lower oil prices feeding into many other 
sectors which is equivalent to stimulus.  

As a result of the financial crisis, bond market intermediaries now hold reduced inventory on their 
books, leading to reduced liquidity and an associated premium. Structural changes such as these were 
not taken into account, but they are important as they may exacerbate changes in the spread and lead to 
greater volatility. Financial participants have warned that this may lead to a ‘run on the corporate bond 

market’ with concentrated selling activity: this would have severe implications on the economy through 

elevated credit risk. 

4. Conclusion and implications 

In this paper, I investigated whether equity markets incorporate bond market expectations. To test for 
semi-strong efficiency, I have examined the impulse response functions and granger causality in a 
macro-financial VAR model, and error-correction in a VECM. To gain a realistic understanding of what 
statistically significant predictive power implies, I have examined the value of 1-step ahead forecasts 
from the VAR model. 

I reject all 3 hypothesis stemming from semi-strong efficient markets: equity markets do not fully 
incorporate bond market expectations, such that there is predictive power for equity market returns. 
These 3 hypotheses are tested using different econometric techniques as a means of robustness. I find 
strong evidence to suggest that the predictability of stock returns through bond market variables is due 
to an inefficiency and not rational variations in risk-aversion. The micro-foundations to explain these 
findings may be a combination of skewed returns and cumulative prospect theory. 

For real-time forecasting of future economic activity by policymakers or financial market participants, 
developments in bond markets should be given much greater weight than equity markets. As shown by 
a multitude of previous research and in this paper, bond markets contain much greater information and 
represent more signal than noise. 

In conclusion, this paper finds that equity markets are inefficient in incorporating bond market 
expectations. Additional research is required to validate the micro-economic underpinning for these 
empirical results, and the effect of sector-specific credit shocks. 
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Sparsity-Based Bounded Rationality and
Adjustments to Anticipated Fiscal Payments

Omeed Maghzian1

Columbia University

Abstract

I explore the application of sparsity-based bounded rationality (SPBR) models in understanding large
household consumptions responses to anticipated fiscal payments. I introduce a guideline for extending
typical household lifetime problems to attention-dependent domains based on limited attention to differen-
tial state paths of the anticipated payment. To study the impact of boundedly-rational adjustments to news
of incoming transfers, I develop and calibrate a standard incomplete markets life cycle model within the
context of the 2001 U.S. tax rebates from the Economic Growth and Tax Relief Reconciliation Act. The
interaction between optimization costs and household wealth within the life cycle framework is analyzed
through simulations of the tax rebate episode. While path-based sparsity cannot independently account
for empirically-observed large consumption responses out of the rebate, it can enrich standard household
consumption models as a parsimonious source for the heterogeneous treatment of information on future
income shocks.

1I would like thank to Prof. Michael Woodford for his supervision of my thesis and continued support throughout the year. I would
also like to thank Prof. Lena Edlund for her feedback and leading Columbias undergraduate economics thesis seminar. I also enjoyed
helpful comments from Prof. Susan Elmes and other seminar participants in producing this work.

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

192

ABSTRACT ONLY



The Inter-war U.S.-Cuban Sugar Trade
and the Hawley Smoot Tariff

Mason S Reasner1

Vanderbilt University2

Abstract

This paper explores the changes in the U.S.–Cuban sugar trade that followed from the enactment of the 
Hawley–Smoot Tariff Act of 1930. Cuban exports of sugar products faced increased trade barriers in 
the form of high specific t ariffs u nder t he H awleySmoot l egislation. H owever, w hile t he o verall level 
of Cuban sugar imported into the United States declined significantly with increased t rade b arriers, the 
composition of the remaining trade shifted significantly. I ndeed, Cuban exports of refined sugar to  the 
United States increased rapidly despite the economic slowdown of the Great Depression and increased 
tariff rates. While these drastic shifts in the composition of the trade in sugar products between the U.S. 
and Cuba contradict the expectations of a simple economic interpretation of the increase in ad valorem 
equivalent rates imposed on Cuban exports by the United States, a careful analysis of the effective rate 
of protection and the process of sugar refining provides an explanation for the otherwise counterintuitive 
trade pattern. Despite increasing rates of protection on both raw and refined sugar separately, the individual 
tariff rates on raw and refined sugar were legislated in such a way under the Hawley–Smoot tariff schedule 
that the effective rate of protection on sugar refining shifted from a positive level of protection over foreign 
competitors to a negative rate of protection. This paper analyzes the effective protection of sugar refining 
with an original decomposition of the effective rate of protection. Preliminary analysis with the results of 
this new decomposition shows that changing prices were not as significant a factor on the rate of effective 
protection on sugar refining as the legislated tariff rate.

1With special thanks to Professor Mario J Crucini for his dedication as advisor for the senior thesis project from which this paper is
excerpted, as well as Professor Joel Rodrigue for his feedback and guidance as the director of the honors program. Any errors that are
found herein are mine alone.

2Note that in order to meet length requirements, this paper was heavily reduced from the original work that shares the same title.
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1. Introduction 
 “Cuba must always be peculiarly related to us in international politics. She must in international affairs 

be to a degree a part of our political system. In return she must have peculiar relations with us 

economically. She must be in a sense part of our economic system." 

President Theodore Roosevelt, August 19021 
 

During the early twentieth century, there was significant commercial trade between the United States and 
Cuba. The majority of this trade was sugar products sent from Cuba to the United States, as over half of 
sugar consumed in the United States during this period originated in Cuba. However, in 1930, with the 
onset of the Great Depression and the introduction of the Hawley-Smoot Tariff Act of 1930, trade 
between the two countries declined. This paper investigates how the shift in tariff policy altered the 
composition of the American and Cuban sugar industries and trade. 
 
From the American perspective, the shifts in the sugar industry were just one small part of major changes 
that followed from the new legislation. However, for the Cuban economy, the change was disastrous. 
Nevertheless, in the midst of declining trade between the U.S. and Cuba, especially in sugar products, 
refined sugar exports from Cuba grew robustly. At the same time, the overall American sugar industry 
was expanding under protection from foreign competitors. However, the growth in sugar refining was 
divergent from the rest of the domestic sugar industry, and its size decreased over the same period.  
 
2. Sugar and Sugar Production 
The word sugar refers to a group of simple carbohydrates that taste sweet to the tongue and are consumed 
by humans. Specifically, most table sugar is sucrose, a disaccharide sugar. The two primary sources of 
sucrose are sugar cane and sugar beets. Sugar cane is a tall grass that contains sugar-dense cane juice in 
its stalk, and sugar beets are cultivated plants whose roots store high concentrations of sucrose2. Beet 
sugar is produced from the sucrose extracted from the roots of sugar beets and is processed on site into 
refined (ready for consumption) sugar. Cane sugar is refined from the cane juice contained in the sugar 
cane stalk and is processed into an intermediate product, raw sugar, at a sugar mill on the same plantation 
as it is harvested. However, this processing only produces raw sugar, which is not considered fit for 
human consumption and must be subsequently shipped to a sugar refinery to be processed into a 
consumable product3. Once processed through the refinement stage, beet and cane sugar are 
indistinguishable and perfectly substitutable4.  
 
Unlike most tropical goods, which are exported in their crudest form to be processed and refined in the 
markets for which they are ultimately destined, sugar cane must be processed at the site of cultivation. 
This follows from the fact that once sugar cane is cut, its sucrose content, and therefore value, begins to 
diminish as the cane juice leaks from the severed stalks. During the interwar period in Cuba, the accepted 
amount of time from cutting of the sugar cane in the field to the start of processing at a central mill was 
less than 24 hours5.  
 
Different grades of raw sugar are differentiated by their polarization. Polarization is a measure of the 
sucrose content of a sugar product and is found by measuring the optical rotation of the polarized light 
that passes through a sugar solution. The degrees of polarization of a sugar product can be thought of as 
the percent of that solution which is sucrose, i.e. a measure of the purity of the sugar. Sugar that is ready 
for consumption, refined sugar, has been processed to the point of having a polarization of 100°, whereas 
raw sugar most commonly has a polarization of 95° or 96°. 

1 Roosevelt, Theodore. Compilation, 56. 
2 The Sugar Association. Refining and Processing Sugar. 
3 Dye, Alan. Cuban Sugar in the Age of Mass Production, 35. 
4 The Sugar Association. Refining and Processing Sugar. 
5 Dye, Alan. Cuban Sugar in the Age of Mass Production, 94. 
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The sugar refining process that takes sugar cane stalks and transforms them into raw sugar and the 
process that takes sugar from its semi-crude form to granulated sugar that is ready for human 
consumption are technically very similar. Centrifuges, evaporation, and chemical processes are all used to 
extract from the crude product the pure sucrose that will be sold for consumption6. By the early twentieth 
century, sugar refining had become highly industrialized. Intricate machinery that minimized the need for 
human intervention and maximized the flow of inputs through the production process was used instead of 
the more traditional approaches that had been popular a century earlier7.  
 
A sugar refiner would purchase raw sugar in bulk, which depending on its purity would require more or 
less refinement and a greater or lesser quantity in order to produce a single pound of refined sugar. 
Technically, there are two forms of refined sugar, hard and soft. Hard refined sugar is completely 
separated from any molasses and clear, whereas soft sugar generally has some molasses still attached and 
is brown in color. However, both involve similar levels of refinement from raw sugar. The primary inputs 
into this process were then the capital embodied in the large factories and intricate machines that refined 
the sugar, the labor that was required to maintain and run the machinery, a source of energy by which to 
power the machinery, and the raw sugar that was to be refined. Data from the Census of Manufactures in 
1929, 1931, and 1935 indicates that over 90% (an average and median of 93%) of the input costs for 
sugar cane refining in the United States were from the direct input of raw sugar, with the remaining 7% 
composed on wages and energy8. However, not all of the value-added throughout the refinement process 
represented the same kind of underlying relationships. Uniquely, the quantity of sugar required to produce 
one unit of refined sugar was a static physical relationship defined by a technical coefficient. Regardless 
of the price of raw sugar or other inputs, if a refiner produced one unit of refined sugar, hard or soft, it 
required a set amount of raw sugar. This specification is supported by other investigations into the sugar 
refining industry9, as well as documentation from the Tariff Commission (1934). Each polarization of raw 
sugar has its own unique technical coefficient (Table 1). 

 
Table 1. – Raw-to-Refined Sugar Conversion Factors10 

Polarization Pound of Sugar (Raw Value Per Pound) Pounds to Pound Refined Value 
100° 1.07000 1.0000 
99° 1.05250 1.0166 
98° 1.03500 1.0338 
97° 1.01750 1.0516 
96° 1.00000 1.0700 
95° 0.98250 1.0891 
94° 0.96500 1.1088 
93° 0.94750 1.1293 
92° 0.93000 1.1505 

 
 

3. The Data 
Data on tariff rates and import quantities was collected from the Foreign Trade and Navigation of United 
States (FTNUS) annual reports of the U.S. Department of Commerce from 1922 to 193311. Each report 
includes a record of all of the goods imported into the United States in a given year. In particular, for each 
individual good there is an individual line item that reports the imports of that good for the year (if any 
were imported at all). Each line item contains four fields: the import duty as legislated in the tariff 

6 The Sugar Association. Refining and Processing Sugar. 
7 Dye, Alan. Cuban Sugar in the Age of Mass Production, 58. 
8 Crucini, Harrison, Reasner, Rodrigue, and Zeibarth (2016) 
9 Genesove and Mullin. Testing static oligopoly models (1998). 
10 Chen and Chung-Chi. Cane sugar handbook, 435. 
11  These data were generously provided by Professor Mario J. Crucini and represent part of a larger archival exercise involving all U.S. line item 
imports. 

CARROLL ROUND PROCEEDINGS, VOL XII, (2017)

195

PAGES 193-205



schedule, the quantity of the good imported in the given year, the total value of the imports for the year, 
the amount of import revenue collected over the year, and for goods not subject to pure ad-valorem 
tariffs, the average annual equivalent ad valorem duty of the tariff rate.  
 
From the data on quantity and value imported, the average annual unit value can be calculated. This unit 
value represents the foreign price that the import duty is levied on. When the U.S. domestic wholesale 
price of refined sugar (NBER data series m04030a) is compared to this computed price, the derived unit 
values of imports and wholesale prices are similar in level and track each other in year-to-year changes.  

 
The data on sugar imports in FTNUS are delineated by degree of polarization. However, not every degree 
of polarization was imported in every year, so information on price is not available for the years when 
certain varieties were not imported. As a practical matter, the majority of sugar imported spanned a 
handful of varieties that appear in every year of the dataset, most importantly 95°, 96°, and 100° 
polarization sugar. Therefore, the following analysis will report decompositions and analyses using 95° 
and 96° raw sugar as well as refined sugar (100°) imports, as analysis of the less commonly imported 
varieties found similar results. In terms of representativeness, when compared to total U.S. imports of 
sugar from Cuba, these varieties of raw sugar compose the vast majority in any given year. 
 
Data on the import price index and the wholesale price index were found in Historical Statistics of the 

United States: Colonial Times to 1970.  
 

 
4. Sugar Trade 
Overall, U.S.-Cuban commercial trade was significant for both countries during the first half of the 
twentieth century. In 1929, Cuba was the fifth largest exporter to the United States in terms of value of 
goods exported. U.S. imports of Cuban goods were worth $207 million and represented 5.23% of the total 
value of goods imported that year. Further, U.S. exports to Cuba were significant as well, totaling $129 
million, which represented 2.59% of all U.S. exports in that same year. From the Cuban perspective, these 
figures are even more significant. Cuban exports to the United States represented 76.6% of total Cuban 
exports in 192912. Sugar represented the majority of Cuban exports, and 77.99% of Cuban sugar exported 
that year was shipped to the United States. During earlier years in the 1920s and especially before the 
First World War, Cuba sent upwards of 90% of its total sugar production to the United States. Between 
1929 and 1933, the peak and trough of the overall business cycle, real U.S. output fell by 29%. However, 
the growth trends in the quantity and value of the various components of the U.S. and Cuban sugar 
industries did not exhibit a similar contraction. Within the industry there were divergent growth trends for 
different sectors; some grew rapidly while others contracted. 

 

12 Boeckel, R.M. Cuban-American relations. 
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Specifically, during the interwar period, the supply of sugar for American consumption was sourced from 
three different locations of production: domestic production in the continental U.S. (cane sugar primarily 
in Louisiana, and beet sugar from western and Midwestern states), insular areas of the United States (i.e. 
Hawaii, Puerto Rico, the Philippines Islands, and to a far lesser extent the American Virgin Islands), and 
significant imports of raw sugar from Cuba. One can account for essentially the entire U.S. supply of 
sugar from 1922 to 1933 with these sources. Before 1930, about half of U.S. sugar consumption was 
supplied by imports from Cuba, with the rest split relatively evenly between the continental U.S. and the 
insular regions of the country. However, after 1930, the share of sugar consumption supplied by Cuban 
imports decreased by 50%, and the difference was made up for by growth in supplies from the United 
States’ insular regions (see Figure 1). 
 
Further, the composition of the remaining trade flow of sugar from Cuba to the United States shifted 
significantly between 1929 and 1933. In 1929, the vast majority of the sugar imported into the United 
States from Cuba was either 95° or 96°, two different varieties of raw sugar for input into the U.S. sugar 
refineries. Overall, the quantity of Cuban sugar imports had declined dramatically by 1933. In particular, 
this was driven by imports of Cuban raw sugar, which when each variety is combined, experienced a 
decline in quantity from 6,287 million pounds imported in 1929 to only 2,143 million pounds in 1933, i.e. 
a 66% decline. On the other hand, the overall decline in imports of Cuban sugar was lessened by the 
quantity of refined sugar imported from Cuba, which increased from 512 million pounds in 1929 to 780 
million pounds in 1933, a 52% increase in quantity imported over the same period. 

 

 
While the expansion of the Cuban refining industry began in the mid-1920s, its absolute growth 
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accelerated with the passage of the Hawley-Smoot tariff schedule. As a portion of the total value of the 
imports of Cuban sugar, refined sugar grew from only 9% of the total in 1929 to 32% in 1933, the trough 
of the Great Depression (see Figure 2). Overall, the real value of American imports of sugar, raw and 
refined, from Cuba declined by much more than the overall level of American output, 47%. Given the 
distinct divergence between refined sugar imports from Cuba and raw sugar imports from Cuba, the 
following analysis will use the decompositions of both the effective rate of protection and the ad valorem 
equivalent rate of protection on refined and raw sugar imports from Cuba to clarify the causes of the 
divergence. 

 
5. Tariffs 
Trade barriers are impediments to trade between the origin of a product and its destination. Some trade 
barriers are natural, such as the cost of transporting an item across an ocean. Other barriers are artificially 
imposed by nations, such as tariffs, quotas, and costs associated with product standards. Specifically, a 
tariff is a tax imposed by a government on the act of importing a good into its territory. Depending on the 
size of the tariff relative to the price of the good, a legislated tariff can be prohibitive, i.e. so large that all 
imports of that good cease. However, sugar from Cuba was continually imported into the United States 
during the interwar period, even as the rates changed, which implies that the tariffs on Cuban sugar were 
non-prohibitive. Historically, the United States has primarily levied two kinds of tariffs on imports: 
specific and ad valorem (separately or in combination). 
 
A specific tariff is a nominal tax; i.e., it is a tax denominated in domestic currency per physical unit 
imported. For example, taxes on sugar imports were most often in terms of cents per pound. On the other 
hand, an ad valorem tariff rate is set as a percentage of the value of an imported item. If a non-prohibitive 
tariff is imposed on a good, then the domestic price, 𝑝∗ , of that good can be expressed two ways in terms 
of the world price, 𝑝, and the type of tariff, 𝜏, imposed (see equations 1 and 2). 
 
(1)    𝑝∗ = (1 + 𝜏)(𝑝) (ad valorem tariff) 
(2)    𝑝∗ = 𝑝 + 𝜏 (specific tariff) 

 
For comparison between the two forms of import duties, a specific rate tariff can be expressed as its ad 
valorem equivalent duty by taking the ratio of the specific duty and the unit price of the good, which gives 
the percentage of the good’s unit value that the specific duty is equal to, referred to as the ad-valorem 
equivalent rate. Given the assumptions above, the ad valorem equivalent rate, r, can be considered the 
percentage difference between the domestic and world price for the good given the imposition of a tariff 
(see equation 3). By substituting the equations for the domestic price calculations in equations 1 and 2 
into equation 3, the expression of the ad valorem equivalent rate for both a specific and an ad valorem 
tariff can be found (see equations 4 and 5). 

 
(3)    𝑟 = (𝑝∗ − 𝑝)/𝑝 
(4)    𝑟 = 𝜏   (ad valorem tariff) 
(5)    𝑟 = 𝜏/𝑝 (specific tariff) 

 
While immediately comparable in a static setting with ad valorem equivalent duties, the two kinds of 
tariffs will respond very differently to changing prices, both the overall level and relative value. This 
follows from the fact that the ad valorem equivalent rate of an ad valorem tariff is independent of the 
price, whereas the ad valorem equivalent rate of a specific tariff is entirely dependent on the price given a 
static legislated 𝜏. That is, given a change in the unit price of a good, an ad valorem tariff will maintain 
the same ad valorem equivalent rate by definition. However, if the price of a good were to increase, the ad 
valorem equivalent rate of a specific duty on that good would decrease, and vice versa. Further, the rate of 
this change is not constant for a given price change. In particular, as the price of an imported good 
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approaches zero, the rate of change tends towards infinity at an increasing rate of increase, while the rate 
of change decreasingly approaches zero as the price approaches infinity (see equations 6 and 7). 

. 
(6)     𝑑𝑟

𝑑𝑝
= 0  (ad valorem tariff) 

(7)    𝑑𝑟

𝑑𝑝
= −

𝜏

𝑝2 (specific tariff) 
 

It follows that increasing prices will erode the protection afforded by a tariff as the rate of protection 
approaches zero, whereas decreasing prices will push the rate of protection increasingly towards infinity 
with every decrease in the price.  
 
|Given that the rate of protection is dependent on the legislated rate, 𝜏, and the price, 𝑝, it is useful to 
consider the possible causes for changes in the ad valorem equivalent rate: changes in legislation and 
changes in prices, of which there are two sources. First, there is the possibility that inflationary pressures 
change the overall price level, so that even if the price of a good is constant relative to other goods, the 
change in price level combined with the static specific tariff rate will change the relative price and the ad 
valorem equivalent rate of protection. Second, the price of the good itself, relative to all other goods can 
change with a different magnitude or direction than overall prices, which also alters the ad valorem 
equivalent rate of a static specific import duty. In contrast, a pure ad valorem tariff rate will not change 
relative to prices in percentage terms unless the percentage rate of the import duty as legislated is 
explicitly altered through a change in the tariff schedule. 
 
Crucini (1994) outlines the following equation that decomposes the ad valorem equivalent rate of a tariff 
in a given year into three components that influence the ad valorem equivalent rate: a legislative portion, 
an import price level portion, and a relative price portion (equation 8). 

 

(8)  𝜏𝑗𝑡
∗ = [𝜏𝑗𝑠 +

𝜔𝑗𝑠

𝑃𝑗𝑠−1
] + [

𝜔𝑗𝑠

𝑃𝑗𝑠−1
(

𝑃𝑠

𝑃𝑡
− 1)] + [

𝜔𝑗𝑠

𝑃𝑗𝑠−1
(

𝑃𝑗𝑠−1

𝑃𝑗𝑡
−

𝑃𝑠

𝑃𝑡
)] ≡ 𝑇𝑗𝑠

𝐿 + 𝑇𝑗𝑡
𝑃 + 𝑇𝑗𝑡

𝑅𝑃 

 
In equation 8, 𝑇𝑗𝑠

𝐿 + 𝑇𝑗𝑡
𝑃 + 𝑇𝑗𝑡

𝑅𝑃 represent the legislative, price level, and relative price components of the 
actualized ad valorem tariff rate, 𝜏𝑗𝑡

∗  (with the index j representing the specific good and the index t 
represent the year), respectively. The legislative portion is further decomposed into two parts, the 
legislated ad valorem rate, 𝜏𝑗𝑠, for the specific good j in the legislative period s and ad valorem equivalent 
rate of any specific tariff component, 𝜔𝑗𝑠, for good j in legislative period s for the price of good j in the 
period it was set, s-1. The import price level component is defined as the product of the ratio of the ad 
valorem equivalent of any specific component in the legislative period s-1 and the ratio of the price level 
at the legislated period and the current price level minus one. Finally, the relative price component is the 
product of the ad valorem equivalent rate of the specific portion of the tariff at the time of legislation and 
the difference between the ratio of the price at legislation to the current price of good j and the ratio of the 
import price index at the time of legislation to the current import price level index. 

 
6. Effective Rate of Protection 
The effective rate of protection is a calculated ad valorem equivalent tariff rate that incorporates the 
impact of different tariffs on intermediate inputs and final goods. Essentially, the effective rate of 
protection can be thought of as equivalent to the ad valorem equivalent tariff rate on the value-added of 
production for a particular good given the tariff on the output and inputs and the optimal responses of 
input choice to the tariff level. Formally, the effective rate of protection can be expressed as in Anderson 
and Naya (1969) (see equation 9). 
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(9)    𝑒𝑗 =  
𝑣𝑗

′−𝑣𝑗

𝑣𝑗
 

 
In the equation above: 𝑒𝑗 is effective rate of protection for good j, 𝑣𝑗

′ is the value-added by the specific 
production process per unit under the protection of a tariff, and 𝑣𝑗 is the same value-added under free-trade. 
However, given a historical dataset, such as that available in FTNUS, it is impossible to measure the value-
added from the process of refining sugar in both a protected and free trade condition. Normally, this would 
be a significant issue, as the measure 𝑣𝑗 would not be the same in both scenarios. Indeed, in the free trade 
scenario the value-added is equation 10. 

 
(10)    𝑣𝑗 = 𝑝𝑗 − 𝑝𝑖𝜓𝑖𝑗 
(11)    𝑣𝑗

′ = 𝑝𝑗(1 + 𝑡𝑗) − 𝑝𝑖(1 + 𝑡𝑖)𝜓𝑖𝑗 
(12)    𝑣𝑗

′′ = 𝑝𝑗(1 + 𝑡𝑗) − 𝑝𝑖(1 + 𝑡𝑖)𝜓𝑖𝑗
′  

 
In the above equation, 𝑝𝑗 is the price of the final good j, 𝑝𝑖 is the price of the intermediate good i, and 𝜓𝑖𝑗 
is the quantity of good i used to produce one unit of good j13. In the protective scenario, the presence of 
tariffs, with ad valorem equivalent rates of 𝑡𝑖 on the input good i and 𝑡𝑗 on the output good j, will 
influence domestic prices and result in a different value-added, 𝑣𝑗

′ which is expressed in equation 11. 
 

Note that here it is assumed that the input quantity per unit of output has not changed in response to the 
change in the tariff schedule. In general, it is likely that the change in domestic prices will, in fact, result 
in an adjustment in the production process to a new equilibrium combination of inputs that give a new 
relationship between the input and output goods, such that 𝜓𝑖𝑗

′  ≠  𝜓𝑖𝑗
14. This results in the following 

value-added where 𝜓𝑖𝑗 is replaced by the new 𝜓𝑖𝑗
′  in equation 12. 

 
Clearly it is important to understand how input choices per unit of output change to determine both 𝜓𝑖𝑗

′  
and 𝜓𝑖𝑗 to measure the effective rate of protection correctly. This is evident in the following equations for 
the effective rate of protection: 𝑟𝑗 under free trade conditions and 𝑟𝑗

′ under protected conditions, with the 
previous definitions of value-added substituted in for calculability15 in equations 13 and 14. 
 

(13)     𝑟𝑗 = 𝑡𝑗 +
(𝑡𝑗−𝑡𝑖)(

𝑝𝑖
𝑝𝑗⁄ )𝜓𝑖𝑗

1−(
𝑝𝑖

𝑝𝑗⁄ )𝜓𝑖𝑗

 

(14)    𝑟𝑗
′ =  𝑡𝑗 −

(1+𝑡𝑗)((
𝑝𝑖

𝑝𝑗⁄ )𝜓𝑖𝑗
′ −(

𝑝𝑖
𝑝𝑗⁄ )𝜓𝑖𝑗)

1−(
𝑝𝑖

𝑝𝑗⁄ )𝜓𝑖𝑗

 

 
Notice that the difference between 𝑟𝑗 and 𝑟𝑗

′ follows solely from the fact that 𝜓𝑖𝑗
′  ≠  𝜓𝑖𝑗. If instead 𝜓𝑖𝑗

′ =

 𝜓𝑖𝑗, then (𝑝𝑖
𝑝𝑗

⁄ ) 𝜓𝑖𝑗
′ =  (

𝑝𝑖
𝑝𝑗

⁄ ) 𝜓𝑖𝑗 (
1+𝑡𝑖

1+𝑡𝑗
), and it would follow that 𝑟𝑗 = 𝑟𝑗

′, and therefore the effective 

rate of protection could be measured without bias from data that is exclusively from either free trade or 
protected conditions. 
 
The specification of the production structure presented in the previous section reveals that 𝜓𝑖𝑗 is a ratio 
that defines a Leontief production, i.e. fixed proportion, input-output relationship. In the case of sugar 

13 Anderson, James, and Seiji Naya. Substitution and two concepts of effective rate of protection. 
14 Ibid. 
15 Anderson, James, and Seiji Naya. Substitution and two concepts of effective rate of protection. 
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refinement, it is a physical relationship arising from the chemical composition of sugar solutions that 
defines the technical coefficient. This characteristic of the process of sugar refinement is crucial to the 
determination of the effective rate of protection. Due to its chemical nature, this input-output relationship 
will not shift due to substitution with changing prices. It follows that in the case of sugar refining 𝜓𝑖𝑗

′  is 
indeed equal to 𝜓𝑖𝑗, which allows for an unbiased estimation of the effective rate of protection. 
 
Estimating the effective rate of protection for sugar refining is particularly important given the legislative 
changes to the tariff schedule embodied in the Hawley-Smoot Tariff of 1930, which represented a shift in 
policy away from explicit effective protection of the sugar refining industry. It will be shown how this 
change in policy, the shift from a positive to a negative effective rate of protection for sugar refining, 
significantly impacted the trade flows of sugar between the United States and Cuba, as well as the 
configuration of production in each country. 

 
7. Sugar Tariffs 
The Hawley-Smoot tariff increased the base level of the tariff on sugar imports by 13.33% and 
simultaneously decreased the incremental tariff associated with each additional degree of polarization 
over the base level of 75°. Given that the fixed technical coefficients for sugar refinement depend on the 
degree of polarization, the determination of the effective rate of protection requires an adjustment to be 
made to each tariff level to account for these ratios. With adjustment for the technical coefficients, the 
Fordney-McCumber schedule, given its greater incremental tariff for each additional degree of 
refinement, remains upward sloping, an indication of a positive effective rate of protection for sugar 
refinement, i.e. a greater tariff on the output of refining than the necessary amount of inputs (see Panel A 
of Figure 3). However, due to the legislated decrease in the increment of change with each additional 
degree of refinement, the Hawley-Smoot tariff schedule does not remain positively sloping with this same 
technical adjustment (see Panel B of Figure 3). Instead, the adjusted tariff schedule is downward sloping, 
indicating a negative rate of effective protection as the import duties levied on the input required to 
produce one unit of output are greater than those on the output itself. 

 
This shift in tariff policy was lobbied against by the American sugar refining industry as it put them at a 
competitive disadvantage to both foreign competitors, especially Cuban refiners, and beet sugar producers 
that refined their product at the site of cultivation16. The Hawley-Smoot tariff schedule drove the effective 
rate of protection on the American sugar refining industry into negative territory (see Figure 4). After 
1934, with the official cartelization of the American sugar market, the status of Cuban refiners became 
less advantageous in terms of the tariff schedule, which is evidenced by the FTNUS records.  

 

 

16 American Sugar Refining Company. Annual Report, 7. 

 

Figure 3. – Sugar Tariff Schedules with Technical Adjustment 
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Once calculated without bias, the effective rate of protection can be decomposed in a similar manner to 
the ad valorem equivalent tariff rates three-component decomposition as outlined in Crucini (1994). This 
extension of the previous literature is accomplished through a reinterpretation of each of three 
components of the decomposition (a legislative component, an import price level component, and a 
relative price movement component) in order to reflect the same three influences on the effective rate of 
protection. This new decomposition is presented in the equation below (see equation 15). 

 

 
 

With this new decomposition, the legislated rate is calculated as the difference between the tariff rate on 
one unit of the output good and the tariff rate on the input good times the amount of the input needed to 
create one unit of output divided by the difference between the price in the previous legislative period of 
one unit the output good and the amount of input needed for one unit of output of the input good in the 
previous legislative period. 
 

 (15)  𝑒𝑗𝑡
∗ = [

𝜔𝑗𝑠−𝜔𝑖𝑠𝜓𝑖𝑗

((𝑝𝑗𝑠−1+𝜔𝑗𝑠−1)−((𝑝𝑖𝑠−1+𝜔𝑖𝑠−1)(𝜓𝑖𝑗)))
] + [

𝜔𝑗𝑠−𝜔𝑖𝑠𝜓𝑖𝑗

((𝑝𝑗𝑠−1+𝜔𝑗𝑠−1)−((𝑝𝑖𝑠−1+𝜔𝑖𝑠−1)(𝜓𝑖𝑗)))
(

𝑃𝑠

𝑃𝑡
− 1)] + 

 

[
𝜔𝑗𝑠 − 𝜔𝑖𝑠𝜓𝑖𝑗

((𝑝𝑗𝑠−1 + 𝜔𝑗𝑠−1) − ((𝑝𝑖𝑠−1 + 𝜔𝑖𝑠−1)(𝜓𝑖𝑗)))
(

((𝑝𝑗𝑠−1 + 𝜔𝑗𝑠−1) − (𝑝𝑖𝑠−1 + 𝜔𝑖𝑠−1)(𝜓𝑖𝑗))

((𝑝𝑗𝑠 + 𝜔𝑗𝑠) − ((𝑝𝑖𝑠 + 𝜔𝑖𝑠)(𝜓𝑖𝑗)))
−

𝑃𝑠

𝑃𝑡
)] 

 
≡ 𝑒𝑗𝑠

𝐿 + 𝑒𝑗𝑡
𝑃 + 𝑒𝑗𝑡

𝑅𝑃𝐷 
 

The import price component is expressed as the multiplication of the legislated component with the 
percent difference of the overall level of import prices in the given year compared to the first year of the 
current legislative period. Further, the relative price component, i.e. the movement of the price of the 
difference between the input and output good compared to movement of overall prices, is expressed by 
the multiplication of the legislated portion with the percent difference between the percent change in the 
relative price level and the overall price level compared to the initial levels of the legislated period.  
 
With this decomposition, it is clear that the Hawley-Smoot schedule represented a dramatic shift from the 
pre-1930 positive effective rate of protection to a negative effective rate of protection for the sugar 
refining industry (see Figure 5, Panel A and B). 
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Unlike the ad valorem equivalent rates on imports of raw sugar, where the primary variation was the 
result of overall price changes, the primary mechanism of change in the effective rate of protection was 
the legislative component. This result follows from the fact that both refined and raw sugar prices moved 
with a similar magnitude and in the same direction during the sample period, so the difference between 
the two did not change as drastically as the actual prices. This would be expected, given that 93% of the 
cost of refined sugar production is the raw sugar imports and the lack of substitutability that follows from 
the existence of fixed technical coefficients of production.  

 

 
 

However, the difference in the tariff rates on inputs and outputs shifted substantially, which was therefore 
the primary mechanism that determined variation under the Fordney-McCumber and Hawley-Smoot tariff 
schedules from 1922 to 1934. Using the new decomposition, it is estimated that the legislated portion of 
the effective rate of protection on sugar refinement was reduced by almost 15 percentage points to 
approximately negative 5 percentage points, a decrease of over 135%, with the introduction of the 
Hawley-Smoot tariff schedule in 1930. The decomposition of the effective rate of protection in Figure 5 
shows that the two varieties of raw sugar that composed over 90% of all sugar imports, 95 and 96 
polarization, exhibit fluctuations within the range expected from the fluctuations of the relative and 
overall price levels over the period. 
 
Thus, the seeming contradiction in the historical trade data, that Cuban exports of refined sugar would 
grow robustly throughout the worst years of the Great Depression and despite a greatly increased import 
tariff is resolved with the partition of the effective rate of protection using the three-component 
decomposition developed in this paper to show that while the overall tariff level for imports of Cuban 
sugar increased substantially, the effective rate of protection was changed from a positive to negative rate 
with the enactment of the Hawley-Smoot tariff, which explains the changes in the composition of the 
American and Cuban sugar trade, as well as each country’s production. 

 
8. Conclusion 
It is evident that U.S.-Cuban trade during the interwar period was a significant portion of each country’s 

economy. In particular, a single commodity, sugar, comprised the majority of this trade flow to the United 
States, from which proceeds covered the importation of a variety of goods into Cuba. Further, it is clear 
that the trade policy of the larger United States impacted these trade relations substantially, as was the 
case with the switch from the Fordney-McCumber to the Hawley-Smoot tariff schedule. Rising ad 
valorem equivalent rates were associated with dramatic decreases in both the U.S.-Cuban sugar trade, as 
well as Cuban production. Effective protection on the sugar refining industry shifted from a positive 
protective barrier to a disadvantageous negative trade policy. This led to increasing imports of refined 
sugar from Cuba at the same time that raw sugar imports were declining significantly. Simultaneously, 

Figure 5. – Effective Rate of Protection Decomposition 
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American refiners shifted their inputs to more expensive and less efficient sources within the United 
States free trade zone, the continental U.S. and its insular regions. 
 
Within the context of opening of U.S.-Cuban trade relations17 and national debates about the role of trade 
in modern economies, this analysis provides evidence of the significance of the U.S trade policy 
domestically and abroad. The redistribution of wealth that resulted from significantly shifting trade policy 
relating to sugar created sectors that gained substantially and others that were not as fortunate. The results 
from this policy change are a testament to the power of trade policy to alter markets and the importance of 
the careful exercise of such power.  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
  

17 Chandler, Adam. The Slow Shredding of the Cuban Embargo. 
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Bank-Specific Determinants of Realized Bank
Risk During the European Sovereign Debt Crisis

Tim Rudner
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Abstract

This paper analyzes how variation in bank characteristics has affected different types of bank risk during
the European Sovereign Debt Crisis. I perform a statistical analysis of the effects bank characteristics
had on different dimensions of realized risk before the Global Financial Crisis, during the Global Finan-
cial Crisis, and during the European Sovereign Debt Crisis. I find that the effect of bank characteristics
on different types of risk varies over time and that there is no single set of characteristics that can consis-
tently explain banks different dimensions of realized risk across time periods characterized by significantly
different economic conditions.
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Equity-Market Co-Movement:
The role of trade in synchronizing stock

markets
Robert Scales

Dartmouth University

Abstract

Cross-country stock-market co-movement and trade have increased significantly s ince the 1980s. In 
this paper, I explore the possibility that bilateral trade is causally related to stock-market co-
movement. I consider 1128 country-pairs composed of twenty-three developed countries and twenty-five 
developing countries from 2001-2014. I examine the relationship between bilateral trade and the yearly 
correlation of weekly stock-market returns for each country-pair. I also test whether the relationship 
varies depending on the development level of the countries in a country-pair. Bilateral trade increases co-
movement for my overall sample of countries, and the effect does not vary significantly by 
development level. My results are robust to the exclusion of the global-recession years, the 
elimination of the U.S. and China from my sample, and an examination of potential reverse causality. 
The close relationship between trade and co-movement suggests that policy makers should consider the 
varied ways trade policy may affect domestic equity markets.
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Where Do the Roads Go?
Evaluating the impact of corruption on

infrastructure allocation in China
Zhiyi Joycelyn Su

The University of North Caroling at Chapel Hill

Abstract

Where do government officials a llocate infrastructure resources when there are margins for personal dis-
cretion? In a panel of 276 Chinese cities with observations from 1993 to 2009, I examine the relationship 
between the birthplaces of government officials a nd t he a rea o f p aved r oads built i n e ach r espective city. 
I find that on average, the area of paved roads in c ities that are a lso the birthplaces of high-level officials 
increases as the number of high-level officials a nd t he n umber o f y ears d uring w hich t hey s tay i n office 
increase. This phenomenon is especially significant a fter C hina d ecentralized i ts fi scal pr ocess in  2004 
and it provides support for the proposed theoretical framework where local officials b uild r oads i n high-
level officials hometowns in hopes of receiving p romotion. This study contributes to the few works in the 
economics literature that examines distributive politics in an autocratic state.
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Parameter Learning and the Carry Trade
Yichuan Wang1

The University of Michigan

Abstract

Volatile beliefs generate large and predictable carry trade returns. In a symmetric two country model with
power utility, risk aversion of 5, and constant gain learning about mean consumption growth, the carry
trade earns a Sharpe ratio of 0.21. I extend this basic model to accommodate correlated belief updates and
Epstein-Zin preferences. While certain extensions manage to replicate both large carry trade and equity
Sharpe ratios, they are unable to do so simultaneously with smooth exchange rates. My model has the
empirical implication that if a group of countries have similar true mean growth rates, then a growth carry
of sorting countries by recent consumption growth should earn excess returns on par with the carry trade.
I find support for this in a panel of 14 developed world countries.

1For helpful comments and discussions, I would like to thank Stefan Nagel and Martin Schmalz, as well as seminar participants at
the Ross School of Business. All errors are my own.
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An Experimental Test of Output
Choice on Market Collusion

Matthew Waskiewicz
American University1

Abstract

Experimental economics aims to recreate firm behavior in the laboratory through subjects playing the
role of firms, but the methods by which economists conduct such experiments may lead to unintended
bias. Most experiments utilize discrete subject output choice for game design, but does this restricted
output choice bias experimental market results? Existing literature has yet to test the effect of discrete
(limited) versus continuous (expanded) output choice on experimental market collusion. In this study, a
series of two-firm, three-firm, and four-firm games with discrete and continuous choice are simulated. The
experimental results suggest that continuous choice can lead toward a more competitive market outcome.
Further results indicate potential bias as to the method of recording experiments as well as minimization
of end-game behavior. These results can inform those seeking to design experiments in the laboratory as
well as economists and government officials studying firm behavior and market collusion.

Keywords: Experimental economic methods, Choice theory, Collusion, Infinitely repeated games, Cournot
oligopoly.

JEL Classification Codes: C72, C73, C92.

1The author would like to thank the Dean of the American University College of Arts and Sciences for providing the funding for
this project and acknowledge Drs. Thomas A. Husted and Robert M. Feinberg of the American University Department of Economics
for their support.
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1. Introduction 
The field of experimental economics often attempts to mimic the behavior of the marketplace through 
laboratory experiments of subjects playing the role of business firms. Such experiments can then be used 
to simulate how a market might react to a merger or to firms exhibiting cartel behavior. These findings are 
of great interest to scholars and government officials alike; the U.S. Federal Trade Commission and the 
U.S. Department of Justice use economic theory as the basis for federal anti-trust regulations. The 
widespread effects of mergers warrant development of experiments to study the relationship between 
market structure and market performance. 
  
Crucial to studying the effects of mergers and market behavior in the laboratory are sound experiments for 
which the risk of unintended bias is minimized. Yet despite this importance and the potential policy 
ramifications of mergers on market performance, myriad gaps exist in experimental economic literature. 
This study attempts to fill one of these such gaps, a question yet to be examined by the literature: how does 
the range of output choices available to subjects in an experiment affect the results of the experiment? Does 
limiting the output choices to “low output” (tacit collusion), “medium output” (Nash/Cournot equilibrium), 
and “high output” (perfectly competitive output) lead to a more collusive or competitive market than 
allowing subjects to choose a full range of outputs? The results of this study can inform experimental 
economists and government officials seeking to study firm behavior while minimizing unforeseen biases in 
laboratory design. 
 
The following section synthesizes literature from the fields of industrial economics and experimental game 
theory to identify existing knowledge on experimental game design and the scholarly gaps therein. Section 
three outlines the experimental design used. Section four presents experimental results and econometric 
analysis. Section five concludes. 

 
2. Theoretical Framework 
Of great interest to policymakers and economists alike is the investigation of oligopolistic markets for 
antitrust issues. Thus, it becomes of critical importance to study both in the field and in the laboratory the 
effect of a varying number of firms on market competition. Experimental literature of cooperation attempts 
to model economic behavior in the laboratory. Doing so is crucial to understand market function, 
particularly as it relates to optimal outcomes. The section below will synthesize the existing literature and 
identify experimental best practices and theoretical gaps as it relates to this project, an experimental test of 
how a restriction in output choice affects market collusion. 

 
2.1 Studying Collusive Markets 
One of the earliest quantitative studies of characteristics associated with collusive markets was Hay and 
Kelley's (Hay and Kelley, 1974) examination of criminal horizontal price-fixing cases won or settled by the 
U.S. Department of Justice between 1963 and 1972. They found that nearly 80 percent of the rings involved 
ten or fewer firms and that in seven of eight cases involving more than fifteen firms, trade associations 
existed to facilitate coordination. These early findings indicate a direct correlation between the number of 
the firms within a market and the firms’ abilities to collude. 
  
Other studies have examined international cartels. Marquez (Marquez, 1994) studied the determinants of 
the life span of 52 international cartels during the 20th century and found a positive relationship between 
the Herfindahl index, a measure of the market share of a firm in relation to its industry, and the duration of 
the cartels. Countering this evidence, Levenstein and Suslow (Levenstein and Suslow, 2011), in a study of 
81 international cartels active between 1990 and 2007, fail to find significant impact on the number of firms 
in an industry or in cartel stability. However, such studies are limited in their findings because they rely on 
reported and prosecuted cartels, not tacit collusion. To examine the effects of implicit collusion, such work 
must be under experimental settings. 
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2.2 Experimental Oligopolistic Markets 
The seminal work by Fouraker and Siegel (Fouraker and Siegel, 1963) emphasizes the importance of 
studying experienced participants in experimental studies of modeling market behavior by letting a fixed 
group of participants interact repeatedly. They studied oligopoly games and found some collusion in 
Cournot duopoly games, but not in triopoly games. However, as Friedman (Friedman, 1977) notes, 
modeling the same firms interacting repeatedly can create a confounding variable in that 
uncharacteristically cooperative behavior can occur. Therefore, to maintain the experiential benefits of 
repeated games but mitigating its cooperative effects, the present experiment will let subjects play the same 
random rivals within a game, but will face different random rivals every time a new game starts. 
 
As Selten, Mitzkewitz, and Uhlich (Selten, Mitzkewitz and Uhlich, 1997) describe, participants can 
distinguish between three phases of a game. The initial phase consists of players trying to discern the 
cooperativeness of their opponents, while attempting to mask or show their own inclinations. A middle 
phase of cooperativeness develops during which participants play as if the game will go on indefinitely. 
Selton et al. purport that an experimenter usually finds a stable and considerable share of cooperative 
outcomes during this stage. However, as participants begin to sense from past experiences that the game 
may be ending based on prior games’ ending rounds or other factors that the game will soon come to a 

close, they begin to exhibit what is known as “end-game” characteristics, typically exhibited by competitive 

strategies and outcomes. Findings by Normann and Wallace (Normann and Wallace, 2012) support phases 
and their characteristics. To test these findings, the present experiment will add controls for both the first 
and the last round of each respective game. 
 
Much literature finds that collusive behavior is easier to achieve and sustain with random time horizons 
rather than determined ones. Under infinitely repeated games, the players operate under a “shadow of the 

future”1 that is a more realistic model than one-time games of market conditions in which firms interact 
over time. Dal Bó (Dal Bó, 2005) ran discrete-time prisoner’s dilemma games with deterministic (set) and 
stochastic (random) time horizons and found that cooperation rates among players were significantly lower 
in the first and last rounds of games with a deterministic horizon than games with a random horizon.  
  
Bigoni et al. (Bigoni et al., 2015) find that under almost continually repeated prisoners’ dilemma games 

with deterministic time horizons, players cooperate more than when the time horizon is stochastic but with 
the same expected duration. However, they find, similar to Dal Bó, evidence of deterministic time horizons 
creating end-game effects that emerge in the form of cooperative behavior dropping off significantly toward 
the expected end of the game. Having experienced subjects only somewhat mitigates these end-game 
effects. 
 
Bruttel and Kamecke (Bruttel and Kamecke, 2011) design an experiment that differs mechanisms for 
deciding the number of period repetitions to examine its affect on players’ strategies. They find support for 

earlier experiments that a known finite time horizon creates a collapse in cooperation toward the end of the 
game, and that the round for which that cooperation dissolves increases with each successive game as 
players gain experience. They also find that allowing participants to choose cooperative or defective 
strategies for future play minimizes an end-game breakdown in cooperation. However, it is important to 
note that having players choose strategies does not model changing behavior or allow for irrationality. In 
addition, some players may not devise a strategy until before the game has concluded. Thus, this experiment 
will utilize an unknown time horizon that varies by game. 
 
2.3 Varying the Number of Firms 
Stigler (Stigler, 1964) noted that the number of firms in a market should be a factor in determining collusive 
success, whether it is overt or tacit. As the number of firms increase, the likelihood of collusion and 

1 See Dal Bó (2005) for detailed explanation. 
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therefore, cartel longevity, decreases. Friedman (Friedman, 1971) formalized this theory in a game theory 
setting in which the collusive solution is chosen until a defection, or “trigger strategy,” occurs, thereafter 
resulting in a static Cournot solution. 
 
It is assumed that firms in these markets compete in prices or in quantities. The classical microeconomic 
theory of Bertrand (Bertrand, 1883) predicts that equilibrium prices are equal to the marginal costs 
whenever at least two firms exist in the market. This theory extends from a widely held belief that 
cooperative behavior should occur when fewer firms exist in a market and competitive behavior should 
occur when more firms exist. 
 
Dufwenberg and Gneezy (Dufwenberg and Gneezy, 2000) tested this theory in the laboratory and found 
that it does not predict well when the number of competitors are two, but begins to predict well when there 
are three and four competitors in a game. Their findings are similar to those of Fouraker and Siegel 
(Fouraker and Siegel, 1963). Both studies found that competitors in duopoly markets are more cooperative 
and less competitive than those in triopoly markets. 
 
Whereas Bertrand models focus on price-setting behaviors, the Cournot duopoly theories focus on quantity 
setting as the basis for competition. Theoretical merger analysis relies on the Cournot model for its direct 
relationship between the price-cost margin and the number of firms. Therefore, this experiment uses a 
Cournot model as its theoretical basis. 
 
Isaac and Reynolds (Isaac and Reynolds, 2002) analyzed posted-offer markets with two and four firms and 
found competitive performance among those markets with four firms. Huck, Normann, and Oechssler 
(Huck, Normann and Oechssler, 2004) tested the effect of the number of firms on competition in a 
laboratory setting and found some collusion between two firm markets, three-firm outputs at around the 
Nash equilibrium level, and quantities at or above the Cournot outcome for four and five firm markets.  
 
Feinberg and Husted (Feinberg and Husted, 1993) tested the effect of discount rates on market collusion in 
experimental duopoly markets. They found that collusive behavior is less likely to occur with greater rates 
of discounting as participants have greater incentive to cheat. 
 
2.4 Varying Firms and Quantity Options 
All of the experimental Cournot studies above described either operate with output choices restricted to 
“low” (tacitly collusive), “medium” (Nash/Cournot equilibrium), and “high” (perfectly competitive) 
outputs or operate with a range of unrestricted outputs. The field has yet to examine the effect these 
restrictions of output decisions have on collusive behavior. Will experimental duopoly markets be more 
competitive or less competitive when presented with a range of options? Will this affect vary with number 
of firms in the market? The present study combines best practices of experimental game design to examine 
this untested question with potential widespread ramifications for the ways in which policy makers and 
economists alike view cartel behavior. 
 
3. Experimental Design 
Experiment subjects were recruited from principles of microeconomics courses at American University 
during the fall 2015 semester. When the subjects arrived for the experimental session, they were assigned 
randomly to a computer station. The experimentation consisted of six sessions, five of which utilized the 
VeconLab experimental software available through the University of Virginia’s Department of Economics 
(Holt, 2015). The remaining session utilized a “pencil and paper” approach. Upon arrival, subjects were 
each handed $5 cash to demonstrate the potential for real payoffs, and a packet that included instructions, 
profit matrices, and for paper-based sessions, a sheet on which to record decisions.2 The profit matrices are 

2 The instructions packet is available upon request to the author. 
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tables that detail the subject’s profit in a market given their choice of output and the output choice(s) of the 
other subject(s) in the same market. During each experimental session, subjects made output decisions in 
two-firm, three-firm, or four-firm quantity-setting Cournot, homogenous good markets for which each 
firm’s behavior was determined by set demand functions. 
 
The experimental game design incorporated findings from existing scholarship in numerous ways. The 
subjects were experienced participants (Fourarker and Siegel, 1963) by nature of their being in a principles 
of microeconomics class. The subjects were further experienced through repeated interactions with each 
other, but to ensure that subjects did not interact in an uncharacteristically cooperative fashion (Friedman, 
1977), the subjects played the same rivals within each session, but faced a different random combination 
of rivals every new session. To minimize competitive “end-game” effects (Bigoni et al., 2015; Normann 
and Wallace, 2012; Selten et al., 1997) and to avoid players operating under a “shadow of the future” (Dal 

Bó, 2005), the games were designed to have an unknown time horizon that varied by game. To test whether 
the output interacts with varying the number of firms and if games with three and four firms will have more 
competitive outcomes (Dufwenberg and Gneezy, 2000; Isaac and Reynolds 2002; Huck et al. 2004), 
subjects completed sessions with two-firm, three-firm, and four-firm games. Additionally, collusive 
behavior was encouraged through instructions that stated the combination of choices for  each session that 
would yield the largest combined payoffs (market output) to the subject and the other subject(s) in the 
market. This encouragement was based on a theory that if one is trying to model firm behavior, then subjects 
should have been informed that joint collusion was in their best interests. 
 
Thus, within each session, subjects played the same randomly selected subjects for the entire session (or 
game). For some sessions, subjects were given three discrete output options that corresponded to perfectly 
competitive, Nash/Cournot, and collusive output choices. For other sessions, subjects were given a full 
range of output options from perfectly competitive to tacitly collusive. In all experimental sessions, the 
number of rounds (or periods) were known to the experimenters but were unknown to the subjects. 
 
The experiments used a linear market demand function with constant costs. The demand equation was P = 
100 – Q, with AC = MC = 16. Therefore, a perfectly competitive equilibrium occurred at Q = 84, a 
Nash/Cournot solution occurred at Q =56, and a collusive optimum occurred at Q = 42. Subjects received 
payments equal to 0.1% of what was implied; for example, in a two-firm discrete choice game (Session A), 
a tacitly collusive outcome per period, per firm would yield each subject payoffs of 88 cents. 
 
Session A was a two-firm game with discrete output choice of 21, 28, or 42. In Session B, two subjects 
could choose any output between 11 and 42, inclusive. Session C was a three-firm game with discrete 
choice 14, 21, or 28. Session D was a two-firm game with discrete output choices of 21, 28, or 42, but the 
participants used paper to record their outputs. Session E was a three-firm game with continuous choice 11 
to 42, inclusive. Session F was a four-firm game with discrete choice 11, 17, or 21. 
 
4. Results 
Experimental results show a significant relationship between experimental market output and various 
factors both previously identified and not previously identified in the literature to affect market output. 
Results also demonstrate both what this experiment did well to minimize unintended bias and what can be 
done in future experiments to further minimize unintended biases. Such results provide insights into 
construction of unbiased game design as well as reinforcement of microeconomic theory pertinent to anti-
trust analysis.  
 
The regression analysis controls for numerous factors thought to affect experimental market output. Market 

Output is the dependent variable and consists of whole numbers ranging from 35 to 90. This experiment 
utilizes the market output, rather than an individual’s choice, as the proximate measure for subject decision-
making because market outcomes are easier to interpret across varying output choices. Continuous is the 
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variable of interest and is a binary variable for which rounds when market output choice is discrete are 
coded as a zero (0) and for which rounds when market output choice is continuous are coded as a one (1). 
Three Firms and Four Firms are binary variables indicating whether the round of the game contained three 
or four firms, respectively.3 The baseline for this analysis is a two-firm game. Paper is a binary variable for 
which a code of zero (0) indicates that the round utilized the VeconLab software from the University of 
Virginia and a code of (1) indicates use of a “paper and pencil” approach. Tests were run with and without 
use of the control variable Paper, but it is included in final analysis because of endogeneity without it. First 

Period is a dummy variable for the first round of a session to control for beginning-game effects. Last 

Period is a dummy variable for the last round of a session to measure end-game effects. In addition to 
controls for various factors, the regression analysis also controls for each subject’s behavior within a game. 
Because the variation among the subjects is randomized, the subsequent analysis will use a random effect 
(RE) model for which the coefficients represent differing individual responses to various games. The 
coefficients are not useful for this study; only the additional control they offer is a more accurate model. 
The unit of observation is the round within a session (N = 540). 
 
To test for initial relationships between market output and some of the factors thought to influence it in 
laboratory experiments, means comparison tests were conducted. The results of these tests are summarized 
in Table 1. 
  
Comparison Test Market Output (0) Market Output (1) t-Test (p-values) 
Discrete (0) = Continuous (1) 
 

58.67 60.81 p = 0.0275** 

Computer (0) = Paper (1) 
 

60.21 55.42 p = 0.0007*** 

Period N (0) = Last Period (1) 59.38 61.11 
 

p = 0.2551 

 
As Table 1 demonstrates, there is a significant difference in the mean market outputs between rounds in 
which market output choice was discrete and rounds in which market output choice was continuous 
(p<0.05). This preliminary result shows that it is possible that experimental game designs that limit output 
choice to just “low” (tacitly collusive), “medium” (Nash/Cournot equilibrium), and “high” (perfectly 

competitive) market outputs may be inadvertently biasing their results toward market competition. 
Similarly, there exists a significant difference in the mean market outputs between rounds in which the 
VeconLab experimental software was used and rounds in which a “paper and pencil” approach was used 

(p<0.01). This is an unexpected result, as one may not suspect a difference between paper and computer-
based results. The reliability of these findings as well as what a further avenue for research may look like 
regarding paper versus computer game designs will be discussed in section five. 
 
While significant relationships between market output and output choice and market output and method of 
recording appear to exist, there does not exist a significant difference in the mean market outputs between 
any given round in a game and the last round of the game (p>0.1). This preliminary result indicates either 
that the unknown termination rule successfully mitigated end-game effects or that the end-game effects 
were not present to begin with. In either scenario, in this experiment, subjects in the last round were not 
significantly any more competitive or collusive than in any other round. 
 
To test whether the above relationships are consistent in the face of a more complex analysis of between-
subject effects, a series of regression analyses were conducted on the data. First, an ordinary least squares 
regression was conducted on the core factors identified to be affecting experimental market output (Model 

3 These variables capture differing effects of the number of firms on market output; subsequent tests 
between the number of firms and whether a game utilized continuous output choice were inconclusive. 
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1). Second, the data could be considered panel data in that each of the subjects’ (firms’) behaviors was 
logged over time. Because the unobserved attributes associated with subjects do not affect market design, 
a random effects model was conducted on the original factors while also including controls for each of the 
participants in the experiment (Model 2). Lastly, the same random effects model was conducted but using 
a dependent variable that was a logarithm of market output, so as to aid interpretation through use of 
percentage changes in market output (Model 3).4  Table 2 summarizes the results of these regression 
analyses. 
 
 
 
 
 
 
 
 
 

4 The distributions of both Market Output and the logarithm of Market Output are normal and thus are 
being used interchangeably. 

Table 2: Regression Analysis of Experimental Design  
 (Model 1) (Model 2) (Model 3)  
 OLS RE RE  
VARIABLES Market Output Market Output Log(Mkt. Output)  
Continuous 4.267*** 4.518** 0.0758**  
 (1.147) (1.851) (0.0345)  
Three Firms 9.561*** 9.709*** 0.176***  
 (1.172) (1.133) (0.0208)  
Four Firms 15.28*** 15.58*** 0.275***  
 (1.085) (1.062) (0.0188)  
Paper 4.018*** 3.397*** 0.0727***  
 (1.185) (1.196) (0.0221)  
First Period -3.714*** -2.932 -0.0235  
 (0.907) (5.297) (0.0795)  
Last Period 1.944 4.191*** 0.0750***  
 (1.363) (1.260) (0.0229)  
Period 2  -0.280 0.0193  
  (5.484) (0.0823)  
Period 3  1.191 0.0482  
  (5.247) (0.0791)  
Period 4  3.739 0.0821  
  (4.931) (0.0713)  
Period 5  3.039 0.0737  
  (4.829) (0.0719)  
Period 6  -1.832 -0.00598  
  (5.217) (0.0788)  
Period 7  -0.664 0.0166  
  (4.382) (0.0647)  
Period 8  -0.899 0.0139  
  (4.004) (0.0599)  
Period 9  -2.262 -0.0140  
  (3.902) (0.0532)  
Constant 51.69*** 50.83*** 3.889***  
 (0.883) (5.462) (0.0833)  
Observations 540 540 540  
R-squared 0.296    
Number of ID  YES YES  

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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As Table 2 demonstrates, there exist numerous significant relationships between various factors and market 
output. The baseline constant market output for a two-firm, discrete output choice, computerized game 
round is 51.69 (p<0.01), a result close to the estimated Nash/Cournot equilibrium output of 56. When this 
baseline game round changes so that it is a two-firm, computerized game, but with continuous output 
choice, the estimated market output jumps to just under 56 (p<0.01), an increase of 7 percent. This result 
demonstrates that holding all other factors constant, a game in which the subjects have limited output 
choices will yield a more collusive result than a game in which the output choices are continuous. 
 
Other findings highlight the importance of experimental game design that minimizes unintended biases. 
Perhaps most interesting of these results is the significantly more competitive result (p<0.01) of using paper 
to record outputs rather than the VeconLab software. The almost 7.3% increase in market output as 
compared to its computerized alternative suggests that the lag time involved with a paper administration 
could bias outputs. Alternatively, the paper format may provide subjects with more time to become 
distracted and therefore, induce more competitive results. Simply put, the reason for these results are 
unknown and warrant further investigation across markets with varying numbers of firms. 
 
Finally, interesting to note are the respective significance and insignificance of the first and last periods 
within a session. The first period in a session appears to induce an estimated 6% decrease in market output 
when using OLS, but finds no significant difference when controlling for unobserved participant effects 
and controlling for the period of the game. More collusive behavior for the first period is a finding consistent 
with Selten, Mitzkewitz and Uhlich (Selten, Mitzkewitz and Uhlich, 1997)’s suggestion that at the 

beginning of a game, players tend to be more cooperative as they attempt to discern their opponents’ 

strategies. However, inconsistent with previous results is the previously noted lack of statistical significance 
between the first round in a session and any other given session when using a random effect model. Also 
inconsistent is the significance on the last period of the game, designed to measure potential end-game 
effects. We opt to conclude that end-game effects occur and we observe a breakdown in cooperation during 
the last period of the game given the assumption that the random effect models are superior to the OLS 
model, but we cannot be certain that the significance on the last period is consistent given other unforeseen 
omitted variables. Again, the reasons for the changes in model significance on the first and last periods is 
unknown: it could be that the unknown termination rule is causing subjects to not act differently and 
therefore not display “beginning-game” or “end game” effects, or it could be that “beginning-game” and 

“end-game” effects did not exist at all. As with the surprising significance of the difference between market 
output for sessions using a computerized approach and sessions using a paper approach, to support these 
results, further experiments will need to design games to test each of the aforementioned factors. 
 
5. Conclusions and Implications 
This article demonstrated the importance of designing games in experimental economics that seek to 
minimize unintended bias through the lens of an untested question: does the degree to which subjects have 
differing levels of output choice affect the market output and therefore, the experimental results? The 
findings appear to suggest that limiting subjects’ output choice to three discrete options, “low” (tacitly 

collusive), “medium” (Nash/Cournot equilibrium), or “high” (perfectly competitive), rather than allowing 
subjects to choose a range of options – as would a firm outside the laboratory – leads to an artificially 
competitive result. 
 
Further findings underscore the need to develop robust and consistent methods of experimental design, but 
these warrant further study. First, because it is unknown why a paper approach to decision-making leads to 
a more competitive market, such methods must be analyzed. Second, because it is similarly unknown why 
beginning- and end-game effects are inconsistent in this study, further study on such effects is warranted. 
Future experiments could include a random termination rule instead of an unknown termination, determined 
by a throw of a die. This construction could further simulate the randomness in ending round required to 
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minimize end-game effects, creating a game that is more reflect of firm behavior in the field. As the field 
of experimental economics progresses, these existing gaps in scholarly knowledge will continue to be filled. 
 
The tests run in this experiment can help experimental economists construct laboratory markets that better 
reflect market behavior in the field, thus advancing the accuracy of laboratory findings. It is through the 
refinement of experimental economics that scholars can inform the government’s analysis. Thus, 

experimental economics can suggest much about firm performance in the field. Understanding the 
relationship between market performance and market structure is critical to U.S. government antitrust 
policy. For both the Department of Justice and the Federal Trade Commission, to examine the effect of a 
number of firms on market collusion is critical in determining the number of firms and market share that 
can define a reasonably competitive market. For merger proposals, the field of experimental economics has 
much to offer. As experimental economics becomes more robust, so will our ability to understand and 
predict the behavior of markets, creating a more efficient and equal economic system.  
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What Works for Alternative Energy? Empirical findings on the
effectiveness of state renewable portfolio standards

Danny Watson
Georgetown University

Abstract

Renewable portfolio standards are the most popular policies implemented at the state-level to promote the
use of renewable resources in the electricity sector. But despite a number of empirical studies, there is still
a significant debate over the effectiveness of RPS policies in actually increasing the use of renewables.
This paper seeks to improve upon the current literature of RPS policy, most of which has found there to be
no impact. Not only does this paper overcome the data issues facing other papers and develop a non-linear
model for renewable generation, but it also addresses the impact of other state policies on neighbor states
renewable usage. Finally, this paper is unique in its examination of operator-level production data, finding
large discrepancies with aggregate state-level effects, indicating that RPS policies have different impacts
on company-owned and consumer-owned renewable usage.
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Direct Investment v. Mergers & Acquisitions in Asia:
Applications of Tobin’s Q Theory in Asian capital markets

Vanessa Xiao
Vanderbilt University

Advised by Peter L. Rousseau

Abstract

This paper applies Tobin’s Q theory to Asian capital markets. It discovers that Tobin’s Q Theory can help
explain the merger and acquisition market and the direct investment market in Asia. The primary approach
of this paper is empirical. It develops a model exploring the relationship between direct investment and
Tobin’s Q of a firm, and between mergers and acquisitions and Tobin’s Q of a firm, whose major uncer-
tainties are as follows: (1) the differences in the economic atmosphere of countries; (2) the differences
between industries; (3) the limited amount of data available. I find that:
1. In Asia as a whole, both direct investment and mergers and acquisitions of a firm respond positively to
its Q.
2. In Asia as a whole, mergers and acquisitions respond more to the firm’s Q than does direct investment.
3. In Greater China, mergers and acquisitions respond positively to the firm’s Q but direct investment
responds negatively to its Q.
4. In Japan, a firm’s mergers and acquisitions respond positively to its Q, but it is vague how direct
investment responds to a firm’s Q.
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1. Introduction 
The focus of this paper is Asia’s direct investment and merger and acquisition markets. The fundamental 
question that the remainder of the paper will address is: How do direct investment and mergers and 

acquisitions respectively respond to a firm’s Tobin’s Q in Asia? 

 

A common way to describe the efficiency of merger and acquisition activity is Tobin’s Q of the acquiring 

and the target company. Tobin’s Q is a ratio that describes a firm’s value per unit of capital and it is 
affected by macroeconomic conditions, the country origin of the target and the acquiring companies, and 
related government policy.  The Q-theory of merger and acquisition is based on Tobin’s Q theory and it 
employs Tobin’s Q to compare the market valuation of the capital of the target and the acquiring 
companies.   

 
Previous scholars have conducted research exploring how Tobin’s Qs of the target firm and the acquiring 

firm affect the return of a merger and acquisition (Servaes 1991, Andrade and Stafford 2004). Some 
others have investigated how the Q theory applies to the capital markets in Europe and the United States 
(Rousseau 2006). However, no scholar has previously investigated the application of the Q-theory in the 
Asian market. There is a strong need to explore the application of the Q-theory in Asia because of the 
important role that Asia currently plays in the global capital market along with the fast growth of Asia. 
This paper will be the first paper that investigates this issue. It will not only help people better understand 
how the Q-theory applies to a global context but will also allow people to better understand the 
application of the Q-theory to developing economies. 
 
Along with the primary question of interest, I hope to answer in my paper the following questions: 

1) How does the difference between Tobin’s Q of the acquiring firm and the target company affect 
the value of merger and acquisition? 
2) How are direct investment and mergers and acquisitions respectively correlated to time? 
3) How are direct investment and mergers and acquisitions respectively correlated to industries? 
 

2. Literature Review 
Tobin’s Q is a common measure of a firm’s market value introduced by James Tobin and William 
Brainard, two American economists, in 1968. According to Tobin, a firm’s Tobin’s Q is measured by: 

q =
MV̅̅ ̅̅

K
  

where MV̅̅ ̅̅  is the firm’s market value and K is its replacement cost (Tobin and Brainard 1977). 
 
MV̅̅ ̅̅  is made up of three components: common stock, preferred stock and long-term debt. Moreover, the 
sum of the book values of common stock, preferred stock and long-term debt, corrected by a common 
annual index of the ratio of replacement cost to book value, gives us the value of K, which is invested 
capital at replacement cost. 
 
Fumio Hayashi (1982) derives the optimal rate of investment as a function of Q.  He states that the 
relationship between 1/K and q is described by: 

1

𝐾
= .0980 + 0.423�̃� 

where K is capital stock and �̃� is modified q, which is the value of average q taking into account the U.S. 
tax system. Notably, all of the regression equations used in this thesis are derived from Hayashi’s 
equation. 
Tobin’s Q also affects how firms undertake new investment projects, which includes both merger and 
acquisition investments and non-merger investments. In their paper “Investigating the economic role of 

mergers”, Andrade and Stafford (2004) state that “(‘high q’) firms are significantly more likely to 
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undertake both mergers and non-merger investment projects than ‘low q’ firms”. Additionally, they show 
that the acquirer’s Q is larger than the target’s Q in over two-thirds of all mergers since 1973. 
 
Mergers and acquisitions are most effective if there exists a big difference between Q of the targets and Q 
of the acquirers. Defining total takeover returns as the weighted average abnormal return of targets and 
bidders, Henri Servaes discovers that “total (takeover) returns are larger when targets have low (Q) and 

bidders have high (Q)” (1991).  
 
In their paper “Q-Theory of Mergers”, Boyan Jovanovic and Peter L Rousseau state that the Q-theory of 
investment also applies to the merger and acquisition (M&A) market. They prove that a firm's merger and 
acquisition (M&A) investment also responds to its Q, the firm’s value per unit of capital (Jovanovic and 
Rousseau 2002).  
 
Jovanovic and Rousseau first explore how firms with different investment ratios (i) choose between 
merger and acquisition and direct investment. The investment ratio is the sum of mergers and acquisitions 
and direct investment, which represents the level of adjustment a firm is making in its own capital stock 
(i=x+y). According to Figure 1, merger and acquisition (y) overtakes direct investment (x) when i reaches 
1.12.  
 

 
Figure 1 Direct Capital Purchases, x, and Acquired Capital, y, by Investment Ratio, i = x + y, 1971-2000 

         
Their conclusion is that, in the United States, “firm’s merger and acquisition (M&A) investment responds 

to its Q more -- by a factor of 2.6 -- than its direct investment does, probably because M&A investment is 
a high fixed cost and a low marginal adjustment cost activity.” 
 
In his paper “The Q-Theory of Mergers: International and Cross-Border Evidence”, Peter L. Rousseau 
tests the implications of the Q-theory of mergers for the United States and seven continental European 
countries (Austria, Belgium, France, Germany, Italy, the Netherlands, and Switzerland) (Rousseau 2006). 
Rousseau concludes that for capital markets in the United States and Europe: 

1) When making big adjustments to their capital, firms prefer merger and acquisition to direct 
investment; 
2) “High-Q” firms are more likely to carry out mergers and acquisitions; 
3) Firms with excess cash on balance sheets are more likely to acquire other firms; 
4) Acquirer’s Q often exceeds target’s Q. 

Rousseau’s paper only tests Q-theory of mergers in the United States and Europe, which are all developed 
economies. My thesis supplements it by testifying the Q-theory of mergers for capital markets in Asia, 
which plays an important role in global capital markets and are composed of both developed and 
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developing economies. In general, my thesis will contribute to a more thorough understanding of the 
effectiveness of the Q-theory of mergers. 
 
3. Model 
 
4.1. Model Introduction 
The model used in this paper is derived from the model used in the paper “The Q-Theory of Mergers” by 

Boyan Jovanovic and Peter L. Rousseau (2002) and in the paper “The Q-Theory of Mergers: International 
and Cross-Border Evidence” by Peter L. Rousseau (2006). 
 
Production function is an important part of the model. With its state of technology as z and its capital 
stock as K, a firm’s production function is output = zK. It is important to note that the capital stock 
includes both labor and physical capital and that z stands for “the quality of organization capital” 

(Rousseau 2006) and other intangibles such as proprietary inventions or management skill. 
 
The parameter z follows the Markov process  

Pr {𝑧𝑡+1𝑧′|𝑧𝑡 = 𝑧} = F(z′,z)                                            (1) 
which is firm-specific. In the market, firms can buy new or dissembled used capital at a price of unity. 
Moreover, there is no market for z so a firm must accept whatever z given. 
 
To measure the growth of capital, letting X be the firm’s direct investment in unbundled capital and Y its 
acquisitions of bundled capital, the firm’s capital stock in next period will be:  

K′ = (1 − δ)K + X + Y                                                         (2) 
Aside from payment for X and Y, the firm also faces forgone-output cost of growth:  

c(x, y)K, where x =
𝑋

𝐾
 and y =

𝑌

𝐾
                                        (3) 

After purchasing new and used capital, a firm transfers its z to the new entity. Hence, the gain of a merger 
is largest when the difference between the target’s z and the acquirer’s z is biggest, that is, the target’s z is 

high and the acquirer’s z is low. Assume that the acquirer’s state is (𝑧1, 𝐾1) and the target’s state is 
(𝑧2, 𝐾2). The output of the combined firm would be 𝑧1(𝐾1 + 𝐾2), which is higher than the sum of the 
outputs of the two firms before merger, (𝑧1𝐾1 + 𝑧2𝐾2), by the amount (z1 − 𝑧2)𝐾2. 
 
The value of K inside a firm is of the form Q(z)K. A unit of K has a profit of z − C(x, y) − x − qy, and a 
market value of  

Q(z) = max
𝑥≥0,𝑦≥0

{𝑧 − 𝐶(𝑥, 𝑦) − 𝑥 − 𝑞𝑦 + (1 − 𝛿 + 𝑥 + 𝑦)𝑄∗(𝑧)}                          (4) 

𝑄∗(𝑧) in the equation is the discounted expected present value of capital in the next period, letting z be 
the firm’s z today: 

𝑄∗(𝑧) =
1

1+𝑟
∫ max{𝑞, 𝑄(𝑧′)} 𝑑𝐹(𝑧′, 𝑧),                                            (5) 

which shows that the firm has the right to sell its capital in the next period at q dollars per unit. 
At an interior maximum, in which condition 𝑄∗ = 𝑄∗(𝑧), the optimal x and y would satisfy that 

c1(𝑥, 𝑦) = 𝑄∗(𝑧) − 1                                                     (6) 
and  

c2(𝑥, 𝑦) = 𝑄∗(𝑧) − 𝑞.                                                          (7) 
These equations show that more productive firms grow faster and they use both x and y to achieve their 
growth. Moreover, since no variables in the functions depend on K, a big firm grows as easily as a small 
firm and there is no optimal firm size. Only optimal growth exists. 
Assume a fixed cost, ϕ, of acquiring the capital of other firms: 

C(x, y) = {
𝑐(𝑥, 𝑦) + 𝜙 𝑖𝑓 𝑦 > 0

𝑐(𝑥, 0)         𝑖𝑓 𝑦 = 0
                                              (8)                                                   
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This cost is per unit of K and returns to scale remain constant. Let 𝑖 = 𝑥 + 𝑦 be the gross investment ratio 
in efficiency units. A low-I firm will avoid the cost ϕ by setting y=0 and using only x, whereas a high-I 
firm will use both margins. The value of I, call it i*, at which the firm is indifferent between buying in the 
acquisitions market and staying out of it, solves for I in the equation: 

i + c(I, 0) = ϕ + min𝑦{(𝑖 − 𝑦) + 𝑞𝑦 + 𝑐(𝑖 − 𝑦, 𝑦)}                         (9) 
where i depends on the firm’s z. 
 
A firm may disappear either by exiting and disassembling its capital, or by being acquired. Either way, it 
gets q per unit of K. Let ze be the point of indifference between staying in business and exiting. Then 
Q(z𝑒) = 𝑞. 
 
Figure 2 shows the expansion path for x and y as the efficiency-units-investment ratio i rises. At i*, x 
drops from i* to x*, and y jumps from zero to ymin. The assumption is that cy is small relative to cx, so that 
the share of y in the firm’s investment portfolio grows, and the expansion path approaches the 45° line. At 

the overtaking point, 𝑥 = 𝑦 =
𝑖0

2
. Beyond i0, y exceeds x. 

 
Figure 3 presents the Engel curves of x and y and shows how x and y varies with i. Since i is the sum of x 
and y, the red and blue lines add up to the 45° line at each i. When i reaches i0, y overtakes x. The 
phenomena shown in Figure 13 is confirmed by the evidence in Figure 15 which shows how x and y of 
Asian firms change with i. 

 
Figure 1 The expansion path of x and y (i=x+y)           Figure 3 Engel curves 

(Jovanovic and Rousseau 2002) 
 
On the basis of this model, regression functions for direct investment and merger and acquisition are 
constructed and here I will introduce the variables that are used in the regressions. 
 

Independent variables used in the regressions are  
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄ , ln(

𝑄𝑗,𝑡−1
�̅�𝑡−1

⁄ ) and ln(𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑), where 
Q and q respectively stand for the acquiring firm’s and the target firm’s Tobin’s Q, �̅�𝑡 and �̅�𝑡 respectively 
represent the average of all Q’s in year t and the average of all q’s in year t, and finally 𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 =

𝑄/�̅�𝑡, for a merger and acquisition transaction that happens in year t. 
 
Dependent variables used in the regression functions are 100𝑦𝑗,𝑡, 100𝑥𝑗,𝑡, ln(100𝑦𝑗,𝑡) and ln(100𝑥𝑗,𝑡) For 
the dependent variables, 𝑦𝑗,𝑡 and 𝑥𝑗,𝑡 are multiplied by 100 to let the independent and dependent variables 
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to be closer in value. This makes the estimated coefficients be closer to 1 so that it is easier to detect 
patterns among the regression results. 
 

ln (
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄ ), which equals to ln𝑄𝑗,𝑡−1 − ln�̅�𝑡−1, is used as an independent variable to represent the 

difference between the acquiring firm’s and the target firm’s Tobin’s Qs.  
 
Here are the regression functions that are used in this paper: 
(1) Linear 

100𝑦𝑗,𝑡 ≡ 100
𝑌𝑗,𝑡

𝐾𝑗,𝑡−1
= 𝛼1

𝑦 𝑄𝑗,𝑡−1
�̅�𝑡−1

⁄ + 𝛼2
𝑦

𝑡 + 𝛼3
𝑦

𝐷 + 휀                                                         (10) 

100𝑥𝑗,𝑡 ≡ 100
𝑌𝑗,𝑡

𝐾𝑗,𝑡−1
= 𝛼1

𝑥 𝑄𝑗,𝑡−1
�̅�𝑡−1

⁄ + 𝛼2
𝑥𝑡 + 𝛼3

𝑥𝐷 + 휀                                                         (11) 

(2) Log-linear 

ln (100𝑦𝑗,𝑡) ≡ ln (100
𝑌𝑗,𝑡

𝐾𝑗,𝑡−1
) = 𝛽1

𝑦 𝑄𝑗,𝑡−1
�̅�𝑡−1

⁄ + 𝛽2
𝑦

𝑡 + 𝛽3
𝑦

𝐷 + 휀                                          (12) 

ln (100𝑥𝑗,𝑡) ≡ ln (100
𝑋𝑗,𝑡

𝐾𝑗,𝑡−1
) = 𝛽1

𝑥 𝑄𝑗,𝑡−1
�̅�𝑡−1

⁄ + 𝛽2
𝑥𝑡 + 𝛽3

𝑥𝐷 + 휀                                          (13) 

(3) Log-log 

ln (100𝑦𝑗,𝑡) ≡ ln (100
𝑌𝑗,𝑡

𝐾𝑗,𝑡−1
) = 𝛾1

𝑦
ln(

𝑄𝑗,𝑡−1
�̅�𝑡−1

⁄ ) + 𝛾2
𝑦

𝑡 + 𝛾3
𝑦

𝐷 + 휀                                     (14) 

ln (100𝑥𝑗,𝑡) ≡ ln (100
𝑋𝑗,𝑡

𝐾𝑗,𝑡−1
) = 𝛾1

𝑥ln(
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄ ) + 𝛾2

𝑥𝑡 + 𝛾3
𝑥𝐷 + 휀                                     (15) 

ln (100𝑦𝑗,𝑡) ≡ ln (100
𝑌𝑗,𝑡

𝐾𝑗,𝑡−1
) = 𝛿1

𝑦
ln(𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑) + 𝛿2

𝑦
𝑡 + 𝛿3

𝑦
𝐷 + 휀                                       (16) 

ln (100𝑥𝑗,𝑡) ≡ ln (100
𝑋𝑗,𝑡

𝐾𝑗,𝑡−1
) = 𝛿1

𝑥ln(𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑) + 𝛿2
𝑥𝑡 + 𝛿3

𝑥𝐷 + 휀                                       (17) 

where t is a linear time trend which represent the year that the merger and acquisition transaction takes 
place, with 1998 as 1, 1999 as 2, … 2015 as 18, and ε is the error term.  
 
D is the first two digits of SIC industry code, which identifies the major industry groups of each firm. D is 
included to take into account the effect of industry level differences. Moreover, t is included as a linear 
time trend to take into account the effect of time. 
 
Regressions are run on linear, log-linear and log-log functions because since Asian capital markets are 
different from each other in terms of their respective development phases, financial policies and 
influencing factors, it is hard to predict which equation would best describe the patterns in Asian capital 
market. It is also likely that the relationship between investment and Q is nonlinear and since log 
transformation can linearize non-linear data, log-linear and log-log functions are included to explore such 
a possibility. In terms of which function describes the data best, this is a question that I want to answer 
after analyzing the regression results. 
 
The model predicts that: 
(1) 𝛼1

𝑥, 𝛼1
𝑦, 𝛽1

𝑥, 𝛽1
𝑦, 𝛾1

𝑥, 𝛾1
𝑦, 𝛿1

𝑥, 𝛿1
𝑦

 should all be positive; 
(2) 𝛼1

𝑦
≥𝛼1

𝑥; 𝛽1
𝑦

≥𝛽1
𝑥; 𝛾1

𝑦
≥𝛾1

𝑥; 𝛿1
𝑦

≥𝛿1
𝑥. 

 
4.2. Data Description 
Data are extracted from Thomas Reuters Database. After screening, there are in total 2297 useable 
observations. The countries/regions with the most observations are: Japan (57%), South Korea (15%) and 
Hong Kong (4%).  
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5. Results 
 
5.1. Descriptive statistics 
Figure 4 shows how x and y varies with i within the 1998-2015 period. The x and y series in Figure 15 are 
approximated using moving average of 100 periods and are applied h-p filter. Other observations with i 
greater than 0.5 are not shown because the observations get thinner as i gets larger. From Figure 4, y 
overtakes x when i reaches 0.16 and the differences between y and x coefficients expand as i increases. 
This result is consistent with the prediction of the Engel curves for x and y in Figure 3.  
 

  
 
Figure 4 Direct capital purchases, x, and Acquired capital, y, by Investment ratio, i=x+y, 1998-2015 

 
It is also interesting to compare the io of Asian countries from 1998-2015, which is 0.158, with i0 of 
Europe and the United States. Comparing Figure 9 and Figure 15, we can discover that the dynamics 
between x and y in Asia is very similar to the dynamics in Europe and the United States.  
 
5.2. Regression results for all Asia 
Tables 3 presents the results for our panel of pooled observations for all Asia from 1998-2015. Each 
column represents one regression, for which the correlation coefficients and t-statistics of the independent 
variable and the constant, the R-squared and the number of observations are reported. For instance, for the 

first column of Table 1, the regression result for the linear function with 
𝑸𝒋,𝒕−𝟏

�̅�𝒕−𝟏
⁄  as independent 

variable and 𝟏𝟎𝟎𝒚𝒋,𝒕 as dependent variable is reported. The function is as follows: 

100𝑦𝑗,𝑡 = 2.2136
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄ + 0.2134𝑡 + 2.5994                                         (18) 

and the R-squared of this function is 0.0545. 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1-Investment Regressions with 2-digit SICS as dummy variables and t as time trend 
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The regression results in Table 3 show many meaningful characteristics: While the correlation 
coefficients of Q in both x regressions and y regressions are positive, the coefficients in y regressions are 
bigger than in x regressions. Moreover, while all correlation coefficients in y regressions are statistically 
significant, only some of the coefficients in x regressions are statistically significant.  
 
Comparing the three functional forms, with their dummy variables kept the same, the log-log functions 
have bigger R-squared than log-linear functions or linear functions for both x regressions and y 
regressions, which means that the log-log functional form fits data the best. Hence, log-log functions best 
describe the relationship between x and Q and between y and Q in Asia. The result confirms that the Q-
theory of mergers works in Asia: as the acquiring firm’s Tobin’s Q increases, the value of both direct 
investment and mergers and acquisitions increases.  
 
Moreover, mergers and acquisitions respond to Q more than direct investment. With one unit increase in 
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄  (ln (𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑)), there is a bigger increase in 100y (or ln100y) than in 100x (or ln100x). With 

a certain level of Tobin’s Q, a firm conducts a larger value of mergers and acquisitions than direct 
investments. Thus, merger and acquisition is a more popular way of investment than direct investment. 
Additionally, the bigger the difference between Tobin’s Q of the acquirer and the target, the bigger the 

value of merger and acquisition. This is shown in the regressions on ln (
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄ ). With one unit 

increase in ln (
𝑄𝑗,𝑡−1

�̅�𝑡−1
⁄ ), the value of both direct investment and merger and acquisition increases. 

Robust regressions have also been conducted to investigate the possibility of heteroscedastic errors. The 
results of robust regressions are consistent with these of the OLS regressions, which strengthens the 
validity of the previous conclusions.  
 
5.3. Greater China 
The paper also tries to discover patterns in the capital market that are specific to Greater China, which is a 
developing economic region with unique political, social and financial characteristics and big market 
capitalization.  In the following regressions, the acquirers are restricted to be from China, Hong Kong and 
Taiwan but the targets are not restricted. There are 227 observations in total, which accounts for 

Table 3-Investment Regressions with 2-digit SICs as dummy variables and t as time trend 
 y x 

 100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

100
𝒙𝒋,𝒕 

ln100
𝒙𝒋,𝒕 

ln100
𝒙𝒋,𝒕 

ln100
𝒙𝒋,𝒕 

𝑸𝒋,𝒕−𝟏
�̅�𝒕−𝟏

⁄  
2.2136 
(6.92) 
*** 

.1203 
(7.48) 
*** 

  .0433 
(1.00) 

.0055 
(0.62) 

  

ln(
𝑸𝒋,𝒕−𝟏

�̅�𝒕−𝟏
⁄

) 

  .5114 
(12.89) 

*** 

   .0771 
(3.45) 

** 

 

ln(𝑸𝒘𝒆𝒊𝒈𝒉𝒕𝒆𝒅) 
   .5093 

(12.78) 
*** 

   .0842 
(3.75) 
*** 

t 
.2134 
(1.01) 

.01527 
(1.45) 

.0138 
(1.34) 

.0041 
(0.40) 

.0000 
(0.00) 

-.0101 
(-1.74) 

-.0097 
(-1.67) 

-.0112 
(-1.94) 

Constant 
2.5994 
(0.07) 

1.6685 
(0.84) 

1.4398 
(0.74) 

1.8186 
(0.93) 

3.4635 
(0.64) 

1.4084 
(1.28) 

1.8664 
(1.70) 

1.9175 
(1.75) 

R-squared 0.0545 0.1274 0.1676 0.1666 0.1159 0.3846 0.3877 0.3883 

Number of 
observations 2297 2297 2297 2297 2297 2297 2297 2297 

Notes: The table presents estimates with T-statistics in parentheses.  
The regressions include time trend for years 1998-2015 and dummy variables for 2-digit SICs (not 
reported). 
p<0.05: *; p<0.01: **; p<0.001 *** 
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approximately 10% of all the observations in Asia. While 25% of the observations are from mainland 
China, 39% are from Hong Kong and 36% are from Taiwan. 
 
Table 2 presents the results for observations in Greater China from 1998-2015. Contents of Table 2 can be 
interpreted similarly to Table 1. 
 

Table 2-Investment Regressions with 2-digit SICS as dummy variables and t as time trend 

 
Similar to Asia’s regression results, Q and y shows positive correlations in all functions of Greater 
China’s regression result, the majority of which are statistically significant. However, what is unique to 
the regression results for Greater China is that Q and x generally show negative correlation, although the 
correlations are not statistically significant.  
 
Comparing the t statistics and the R-squared of different functions, we can find that, with dummy 
variables kept the same, for the y regressions, while linear functions describe the relationship between x 
and Q the best, log-log functions and log-linear functions describe the relationship between y and Q 
better. As for the function that works the best for both the y regressions and the x regressions, the answer 
would be log-log functions. 
 
The results convey that, in Greater China, the Q-theory of investment works for merger and acquisition 
market but not for direct investment market. Specifically, if a firm’s Tobin’s Q increases, the value of 

mergers and acquisitions that the firm conducts increases but the value of direct investment that the firm 
conducts either decreases or does not change. This means that in Greater China, a firm with high Tobin’s 

Q conducts higher value of mergers and acquisitions but lower value of direct investment. The decreasing 
trend of direct investment sets apart the result of Greater China from that of Asia. Here are some possible 
explanations for the decreasing trend of direct investment: 
1) Favorable merger-and-acquisition-related policies of the Chinese government  
2) The strong presence of large state-owned enterprises (SOE’s) 
 
5.4. Japan 

Table 6-Investment Regressions with 2-digit SICs as dummy variables and t as time trend 
 y x 

 100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

100𝒙𝒋,𝒕 
ln100

𝒙𝒋,𝒕 
ln100

𝒙𝒋,𝒕 
ln100

𝒙𝒋,𝒕 

𝑸𝒋,𝒕−𝟏
�̅�𝒕−𝟏

⁄  
1.6468 
(1.86) 

.0853 
(1.55) 

  -.1277 
(-0.78) 

-.0208 
(-0.56) 

  

ln(
𝑸𝒋,𝒕−𝟏

�̅�𝒕−𝟏
⁄

) 

  .4654 
(4.14) 
*** 

   -.0336 
(-0.42) 

 

ln(𝑸𝒘𝒆𝒊𝒈𝒉𝒕𝒆𝒅) 
   .3039 

(2.84) 
** 

   -.0309 
(-0.42) 

t 
.1503 
(0.28) 

-.0103 
(-0.31) 

-.0173 
(-0.54) 

-.0226 
(-0.69) 

-.2734 
(-2.76) 

** 

-.0457 
(-2.02) 

-.0442 
(-1.96) 

-.0436 
(-1.94) 

Constant 
-

114.89 
(-1.09) 

-5.3175 
(-0.81) 

2.2555 
(1.15) 

2.5956 
(1.26) 

17.003
0 

(0.87) 

-1.7934 
(-0.40) 

-4.0170 
(-2.91) 

** 

1.6063 
(1.13) 

R-squared 0.5675 0.2160 0.2728 0.2388 0.3346 0.5272 0.5269 0.5269 

Number of 
observations 227 227 227 227 227 227 227 227 

Notes: The table presents estimates with T-statistics in parentheses.  
The regressions include time trend for years 1998-2015 and dummy variables for 2-digit SICs (not 
reported). 
p<0.05: *; p<0.01: **; p<0.001 *** 
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I also ran regressions on data for Japan in order to compare the regression results of Japan with those of 
China. Japan is suitable for such a comparison because: 
1) Economies and capital markets of similar size. 
2) Difference in maturity of economy and capital market 
 
For the following regressions, I restricted the acquirers of observations to Japan while not setting any 
restrictions for the target. With this criterion, we find 1265 observations in total, which accounts for 
approximately 55% of all the observations in Asia. 
 

Table 3-Investment Regressions with 2-digit SICS as dummy variables and t as time trend 

 
The regression results for Japan display the following characteristics: 
 
Q and y shows positive correlation in all functions, the majority of which are statistically significant. The 
correlation between Q and x, however, shows mixed results, as in some functions the correlation 
coefficients are positive but in others the coefficients are negative.  
 
In general, with their dummy variables kept the same, the log-log functions have bigger the R-squared 
than log-linear functions or linear functions for both x regressions and y regressions, which means that the 
log-log functional form fits the data best. Hence, log-log functional form describes the relationship 
between y and Q and between x and Q the best. 
 
5.5. Comparison of Japan and Greater China 
Comparing the regression results of Japan and Greater China, we discover that, in general, the regression 
results for the two regions are quite similar, with the existence of few differences: First of all, Chinese 
firms respond more to a change in Tobin’s Q when deciding when they conduct merger and acquisition 
activities. Moreover, in Greater China, the value of direct investment drops as the acquirer’s Q increases, 

but, in Japan, only regressions that show positive correlations between x and Q are statistically 
significant.  
 

Table 9-Investment Regressions with 2-digit SICs as dummy variables and t as time trend 
 y x 

 100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

ln100
𝒚𝒋,𝒕 

100
𝒙𝒋,𝒕 

ln100
𝒙𝒋,𝒕 

ln100
𝒙𝒋,𝒕 

ln100
𝒙𝒋,𝒕 

𝑸𝒋,𝒕−𝟏
�̅�𝒕−𝟏

⁄  
.0437 
(1.31) 

.0033 
(0.88) 

  -.0077 
(-1.39) 

-.0013 
(-0.77) 

  

ln(
𝑸𝒋,𝒕−𝟏

�̅�𝒕−𝟏
⁄

) 

  .3950 
(7.38) 
*** 

   .0809 
(3.22) 

** 

 

ln(𝑸𝒘𝒆𝒊𝒈𝒉𝒕𝒆𝒅) 
   .2407 

(4.79) 
*** 

   .0885 
(3.80) 
*** 

t 
-.0498 
(-0.38) 

-.0204 
(-1.40) 

-.0153 
(-1.07) 

-.0287 
(-1.98) 

* 

-.0268 
(-1.23) 

-.0048 
(-0.71) 

-.0033 
(-0.50) 

-.0073 
(-1.09) 

Constant 
9.2682 
(0.63) 

2.2371 
(1.37) 

-1.2620 
(-1.47) 

-1.3339 
(-1.53) 

5.7781 
(2.37) 

* 

1.2695 
(1.68) 

1.2772 
(3.16)  

** 

1.3324 
(3.29)  

** 

R-squared 0.0941 0.1931 0.2274 0.2076 0.2525 0.4177 0.4224 0.4243 

Number of 
observations 1265 1265 1265 1265 1265 1265 1265 1265 

Notes: The table presents estimates with T-statistics in parentheses.  
The regressions include time trend for years 1998-2015 and dummy variables for 2-digit SICs (not 
reported). 
p<0.05: *; p<0.01: **; p<0.001 *** 
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There are a few factors that may contribute to the similarity between the capital markets of Japan and 
Greater China. First of all, there is a strong presence of cross-border mergers and acquisitions in Japan. 
According to Lewis and Inagaki from Financial Times (2015), Japanese firms actively acquire firms from 
both developed and developing countries because of “the lack of strong domestic growth” in Japan and 

the formation of the Trans-Pacific Partnership, which makes cross-border mergers easier to conduct. It is 
likely that the involvement of firms of developing countries in transactions make the transactions in Japan 
behave more similarly to those in China.  
 
Moreover, China and Japan are not two insulated entities, since lots of investment activities and 
collaborations take place between firms in China and in Japan. Japanese firms have invested billions of 
dollars in China every year, while year-on-year growth stays positive.  

 
6. Conclusion 
 
6.1 Summary 
This paper first looks to apply Tobin’s Q theory to Asian capital markets. It builds a model to describe 
patterns of direct investment and merger and acquisition activities among Asian firms. It looks at the 
impact of changes in Tobin’s Q of a firm (that is, the acquiring firm of the mergers and acquisitions) 
respectively on the value of direct investment and mergers and acquisitions. The regression results convey 
that in Asia, (1) value of both direct investment and mergers and acquisitions are positively correlated to a 
firm’s Tobin’s Q; (2) one unit of increase in Tobin’s Q results in a bigger increase in merger and 
acquisition value than in direct investment value. This suggests that Asian firms prefer mergers and 
acquisitions to direct investment as a mean of investment. 
 
The paper also looks at patterns of direct investment and merger and acquisition activities specifically in 
Greater China. The regression results convey that in Greater China, (3) mergers and acquisitions are 
positively correlated to a firm’s Tobin’s Q but direct investment is negatively correlated to a firm’s 

Tobin’s Q; (4) one unit of increase in Tobin’s Q results in a bigger increase in merger and acquisition 
value than in direct investment value; (5) in a majority of cases, time trend is negatively correlated to both 
direct investment and mergers and acquisitions.  
 
Similarly, the paper looks at patterns of direct investment and merger and acquisition activities 
specifically in Japan in order to compare its results with results in Greater China. Despite some minor 
differences, the regression results of Japan and Greater China are in fact quite similar. 
 
Moreover, the log-log functions are the functions that best describe the relationships respectively between 
mergers and acquisitions and a firm’s Tobin’s Q and between direct investment and a firm’s Tobin’s Q in 

Greater China, Japan and Asia overall. 
 
In general, this paper confirms that the Q-theory of mergers works in Asia and helps explain merger and 
acquisition and direct investment activities in Asian capital markets. 
 
6.2 Limitations 
The occurrence of merger and acquisition transactions depend on government regulation and whether 
there exist suitable target firms in the market. Some firms also conduct mergers and acquisitions for 
reasons other than increasing their market value. Moreover, this paper doesn’t analyze how a firm’s q 

changes after a direct investment or a merger and acquisition has been completed.  
 
Additionally, it must be noted that private companies are not included in the data and it is likely that their 
investment activities are in some level different from public firms because they have less capital market 
liquidity, smaller size and less publicity or pressure from shareholders. 
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Educational Attainment in China’s Left-Behind Children:
Why father migration status matters

MaryAnne Zhao1

Georgetown University

Abstract

This working paper analyzes the impact on educational attainment of children left behind by rural-urban
father migrants. China’s migrant worker population is a fast-growing demographic, due in part to China’s
rapid economic development over the past few decades. Despite changes in infrastructure and government
policies that the government has implemented over the past few decades in response to the growing migrant
population, inequities and problems are still prevalent, among them including the effect that the internal
migration has on childhood development in rural areas of China. The aim of this research is to evaluate
the effect of Chinese father migration status on their child’s educational achievement and will contribute
to the growing literature on internal migration and childhood development. This working paper finds that
having a migrant father absent from the household has differing impacts on college educational attainment
for sons and daughters and no significant impact on whether a child is currently in school, up until college.

1I am grateful for the guidance of Professor Anil Nathan, Professor Robert Cumby, and Veli Safak throughout this semester. All
mistakes are my own.
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Ryan Fraser (SFS ’04)  
Tetyana Gaponenko (SFS ’07)  
Yunjung Cindy Jin (SFS ’05)  
Sarah Knupp (SFS ’04)  
Robert S. Katz (COL ’04)  
Marina Lafferriere (SFS ’06)  
Alia Malik (SFS ’04)  
Susan Work (SFS ’04)  
Beatka Zakrzewski (SFS ’04) 

Fourth Annual Carroll Round 
(April 22-24, 2005) 
Erica Yu, Chair (COL ’05)  
Jasmina Beganovic (SFS ’05)  
Lucia Franzese (SFS ’07) 
Dennis Huggins (SFS ’05)  
Yunjung Cindy Jin (SFS ’05)  
Jonathan Kirschner (SFS ’05)  
Susan Kleiman (SFS ’05)  
Yousif Mohammad (SFS ’06) 
Amy Osekowsky (SFS ’07)  
Daniel Schier (SFS ’05)  

Fifth Annual Carroll Round  
(April 27-30, 2006) 
Marina Lafferriere, chair (SFS ’06) 
Irmak Bademli (SFS ’06)  
Stephen Brinkmann (SFS ’07) 
Héber Delgado-Medrano (SFS ’06) 
Lucia Franzese (SFS ’07) 
Yasmine Fulena (SFS ’08)  
Jen Hardy (SFS ’06)  
Michael Kunkel (SFS ’08)  
Yousif Mohammed (SFS ’06) 
Emy Reimao (SFS ’06) 
Tamar Tashjian (SFS ’06)  
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Sixth Annual Carroll Round  
(April 19-22, 2007) 
Stephen Brinkmann, chair (SFS ’07) 
Lucia Franzese (SFS ’07)  
Nicholas Hartman (SFS ’07)  
Ian Hinsdale (COL ’09)  
Alexander Kostura (SFS ’09)  
Jennifer Noh (SFS ’07)  
Amy Osekowsky (SFS ’07)  
Allison Phillips (SFS ’07)  
Sun Yi (SFS ’07)  
 
Seventh Annual Carroll Round  
(April 17-20, 2008) 
Yasmine Fulena, chair (SFS ’08) 
Sue Bai (SFS ’08)  
Stacey Droms (COL ’08)  
Brandon Feldman (COL ’08)  
LiJia Gong (SFS ’08)  
Kory Katenga (SFS ’10)  
Sung Kim (SFS ’08)  
Michael Kunkel (SFS ’08)  
Fuyang Zhang (SFS ’10)  
 
Eighth Annual Carroll Round  
(April 16-19, 2009) 
Rebecca Heide, chair (SFS ’09)  
James Arnold (SFS ’11)  
Amanda B. Delp (SFS ’12) 
Henry Gillam (SFS ’10)  
Tom Han (SFS ’10)  
Anna Klis (SFS ’10)  
Daniel Leonard (SFS ’09)  
Daniel Lim (SFS ’11)  
Arjun Pant (SFS ’09)  
Benjamin Simmons (COL ’09)  
Ariell Zimran (SFS ’10)  
 
 
 
 
 
 
 
 
 
 
 

Ninth Annual Carroll Round  
(April 22-25, 2010)  
Ariell Zimran, chair (SFS ’10)  
Michael Counihan (SFS ’11)  
Amanda B. Delp (SFS ’12)  
Katherine Donato (SFS ’10)  
Tom Han (SFS ’10)  
Michael Karno (SFS ’11)  
Allison Kern (SFS ’10)  
Anna Klis (SFS ’10)  
Daniel Lim (SFS ’11)  
H. Jess Seok (SFS ’12)  
Matthew Shapiro (SFS ’11)  
 
Tenth Annual Carroll Round  
(April 14-17, 2011) 
Amanda B. Delp, chair (SFS ’12)  
James Arnold (SFS ’11)  
Albert Chiang (SFS ’13)  
Malin Hu (SFS ’11)  
Katrina Kosner (SFS ’12)  
Nancy Lee (SFS ’11)  
Doug Proctor (SFS ’12)  
Vivek Sampathkumar (SFS ’11)  
Monica Scheid (SFS ’11)  
Matthew Shapiro (SFS ’11)  
 
Eleventh Annual Carroll Round  
(April 19-22, 2012) 
Katrina Kosner, chair (SFS ’12) 
Albert Chiang (SFS ’13)  
Amanda B. Delp (SFS ’12)  
Nhaca Le (SFS ’13)  
Doug Proctor (SFS ’12)  
Glenn Russo (COL ’13)  
H. Jess Seok (SFS ’12)  
Anusuya Sivaram (SFS ’12)  
Meredith Strike (SFS ’14)  
Shuo Yan Tan (SFS ’12)  
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Twelfth Annual Carroll Round  
(April 18-21, 2013)  
Glenn Russo, chair (COL ’13)  
Albert Chiang (SFS ’13)  
Meredith Strike (SFS ’14)  
Natalie Nah (SFS ’15)  
Brian Goggin (SFS ’14)  
Heather Hedges (SFS ’14)  
Dawn Chan (SFS ’14)  
Edward Hedke (SFS ’13)  
Elena Malik (SFS ’14)  
Stephen McDonald (SFS ’13)  
Emily Oehlsen (SFS ’13)  
 
Thirteenth Annual Carroll Round  
(April 10-13, 2014)  
Heather Hedges, chair (SFS ’14)  
Brian Goggin (SFS ’14)  
Dawn Chan (SFS ’14)  
Elena Malik (SFS ’14)  
Natalie Nah (SFS ’15)  
Jill Ni (SFS ’14)  
Kristen Skillman (SFS ’16)  
Meredith Strike (SFS ’14)  
Christopher Stromeyer (SFS ’14)  
Rachel Szymanski (SFS ’14)  
 
Fourteenth Annual Carroll Round  
(April 16-19, 2015)  
Kristen Skillman, chair (SFS ’16)  
Natalie Nah (SFS ’15)  
Thomas Christiansen (SFS ’16)  
Geeva Gopalkrishnan (SFS ’15)  
Elle Kang (SFS ’15)  
Grace Kim (SFS ’17)  
Cheryl Lau (SFS ’16)  
Eve Lee (SFS ’15)  
Shom Mazumder (SFS ’15)  
Morgan Snow (COL ’16)  
MaryAnne Zhao (SFS ’16)  
 
 
 
 
 
 
 
 

Fifteenth Annual Carroll Round  
(April 21-24, 2016) 
MaryAnne Zhao, chair (SFS ’16) 
Olivia Bisel (SFS ’18)  
Audrey Chambers (COL ’19)  
Felicia Choo (SFS ’16)  
Alexander Colyer (SFS ’17)  
Serena Gobbi (SFS ’16)  
Elizabeth Johnson (COL ’16) 
Grace Kim (SFS ’17)  
Duy Mai (SFS ’18)  
Harry Rosner (SFS ’18)  
Kristen Skillman (SFS ’16)  
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Appendix D:  
Members of the Advisory Panel  

Meredith L. Gilbert, The Chartis Group  
Christopher L. Griffin, Harvard University                   
Andrew T. Hayashi, The University of Virginia  
Mitch Kaneda, Georgetown University  
Robert S. Katz, Amazon  
J. Brendan Mullen, American College of Cardiology
Scott E. Pedowitz, Libby Garvey for Arlington County Board 
Erica Yu Wright, Bureau of Labor Statistics
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Appendix E:  
Past Participants  
 
First Annual Carroll Round  
(April 5-7, 2002) 
Azhar Abdul-Quader, Columbia University  
Santosh Anagol, Stanford University  
William Brady, Georgetown University  
Daniel Braun, Oberlin College  
Jacqueline Bueso, University of Pennsylvania  
Karla Campbell, The University of Virginia  
Benn Eifert, Stanford University  
Courtney Fretz, University of Pennsylvania  
Carlos Galvez, Stanford University  
Aniruddha Gopalakrishnan, Duke University 
Christopher Griffin, Georgetown University  
Casey Hanson, Lehigh University  
Joshua Harris, Georgetown University 
Andrew Hayashi, Georgetown University  
Marco Hernandez, Massachusetts Institute of 

Technology  
Katia Hristova, Illinois-Wesleyan University  
Maria Jelescu, Massachusetts Institute of 

Technology 
Fadi Kanaan, Yale University  
Avinash Kaza, Stanford University  
Vinay Kumar, Duke University  
Anisha Madan, Illinois-Wesleyan University  
Kathryn Magee, Georgetown University  
Ryan Michaels, Georgetown University  
Jack Moore, Stanford University  
Brendan Mullen, Georgetown University  
Andrei Muresianu, Brown University  
Scott Orleck, Duke University  
Scott Pedowitz, Georgetown University  
Jonathan Prin, University of Pennsylvania 
Jeremy Sandford, Illinois-Wesleyan University  
Deborah Slezak, Illinois-Wesleyan University  
Conan Wong, Brown University  
 
Second Annual Carroll Round  
(April 11-13, 2003)  
Nada Abdelnour, Georgetown University  
Amanda Barnett, Emory University  
Andrea Bell, Wellesley College  
Patrick Byrne, University of Colorado  
David Chao, Cornell University  

Sylvia Ciesluk, Lehigh University  
Adam Doverspike, Georgetown University  
Benn Eifert, Stanford University  
Adam Engberg, Georgetown University  
Alexandra Fiorillo, Connecticut College  
Eric Fischer, Georgetown University  
Zlata Hajro, Wellesley College  
Samina Jain, Georgetown University  
Avinash Kaza, Stanford University  
Eric Kim, The George Washington University 
Seth Kundrot, Georgetown University  
Lada Kyi, Rice University  
Lee Lockwood, Northwestern University  
Sunil Mulani, New York University  
Holly Presley, Vanderbilt University  
Duncan Roberts, University of California, 

Berkeley 
Lu Shi, Georgetown University  
Shanaz Taber, Barnard College  
Jiang Wei, University of Michigan  
 
Third Annual Carroll Round  
(April 15-18, 2004)  
Jeffrey Arnold, Dartmouth College  
Julia Berazneva, Mt. Holyoke College 
Mehmet Cangul, Georgetown University  
Richard Carew, The 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  
Asim Gunduz, The University of Virginia 
Marc Hafstead, Northwestern University  
Andrew Hayashi, University of California, 

Berkeley 
Katherine Howitt, McGill University  
Sohini Kar, Columbia University  
Josh Lewis, Illinois-Wesleyan University  
Alexis Manning, Illinois-Wesleyan University 
Sara Menker, Mt. Holyoke College 
Elizabeth Mielke, Vanderbilt University  
Stratos Pahis, Dartmouth College 
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Alicja Pluta, Georgetown University  
Adam Raymakers, Dalhousie University 
Caroline Schmutte, Dartmouth College  
Matt Sekerke, John Hopkins University  
John Soleanicov, Columbia University  
Kai Szakmary, Columbia University  
Brandon Wall, Yale University  
Kenneth Ward, The 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 in St. 

Louis 
Wee Lee Loh, Cornell University 
Alice Luo, Duke University 
Katharine Mullock, University of Western 

Ontario 
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 in St. 

Louis 
David Rogier, Washington University in St. 

Louis 
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, The University of Chicago 
Jonathan Wolfson, Washington University in St. 

Louis 

Suzanne Zurkiya, Emory University 
 
Fifth Annual Carroll Round  
(April 27-30, 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, Los 

Angeles 
Salifou Issoufou, University of Wisconsin - 

Madison 
Stella Klemperer, Brown University 
Daniel Kurland, Dartmouth College 
Corinne Low, Duke University 
Shanthi Manian, Georgetown University 
Michael Monteleone, The University of Chicago 
John Nesbitt, Georgetown University 
Natasha Nguyen, University of California, 

Berkeley 
Oyebanke Oyeyinka, Carleton College 
Evgeniya Petrova, Dartmouth College 
Emy Reimao, Georgetown University 
Svetoslav Roussanov, Columbia University 
Vikram Shankar, Georgetown University 
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 in 

St. Louis 
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Abdulla Humaidan, University of Warwick 
Mohammad Huq, Georgetown University 
Nedko Kyuchukov, Dartmouth College 
Zachary Mahone, New York University 
R. Priya Mathew, Washington University in St. 

Louis 
Yana Morgulis, The 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 
 
Seventh Annual Carroll Round  
(April 17-20, 2008) 
Karl Andres, University of Warwick 
Cecil Ang, The 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, Macalester 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 
 
Eighth Annual Carroll Round  
(April 16-19, 2009) 
Jennifer Cairns, Calvin College 
David Childers, Georgetown University 
Vaska Dimitrova, American University in 

Bulgaria 
Rebecca Freeman, Smith College 
Georg Graetz, London School of Economics and 

Political Science 
Markus Gstoettner, London School of 

Economics and Political Science 
Arpit Gupta, The University of Chicago 
Frederick Haney, New York University 
Rebecca Heide, Georgetown University 
Gregory Howard, The University of North 

Carolina at Chapel Hill 
Jacqueline Iwata, The George Washington 

University 
Anders Jensen, London School of Economics 

and Political Science  
William Kafoure, The George Washington 

University 
Elira Kuka, Wellesley College 
Daniel Leonard, Georgetown University 
Chris Lim, Dartmouth College 
Juan Ignacio Elorrieta, Maira University of 

Chile 
Nick Marchio, Macalester College 
Hekuran Neziri, American University in 

Bulgaria 
Casey Oswald, Georgetown University 
Arjun Pant, Georgetown University 
Caitlin Pierce, Dartmouth College 
Isra Salim, Macalester College 
Keval Sangani, University of Warwick 
Pronita Saxena, University of California, 
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Berkeley 
Benjamin Simmons, Georgetown University 
Maximilian Sirianni, Macalester College 
Seitaro Takarabe, Wesleyan University 
Fabien Thayamballi, Georgetown University 
Rachel Winograd, Dartmouth College 
Woan Foong Wong, Oberlin College 
 
Ninth Annual Carroll Round  
(April 22-25, 2010)  
Jorge Aponte, Georgetown University 
Benjamin Arnold, University of Michigan 
Courtney Blair, Harvard University 
Vera Chau, New York University 
Nick Chantraporn, University of San Francisco 
Antonina Davydenko, American University in 

Bulgaria 
Katherine Donato, Georgetown University 
Yang Du, Dartmouth College 
Siddharth Eapen George, London School of 

Economics and Political Science 
Takuma Habu, University of Warwick 
Kelsey Hample, Illinois-Wesleyan University 
Tom Han, Georgetown University 
Rob Harris, University of Warwick 
Sarah Hinkfuss, Harvard University 
Peter Hull, Wesleyan University 
Michael Karno, Georgetown University 
Todd Kawakita, Dartmouth College 
Allison Kern, Georgetown University 
Anna Klis, Georgetown University 
Birgit Leimer, New York University 
Daniel Lim, Georgetown University 
Benjamin Morley, University of Warwick 
In Un Flora Ng, Dartmouth College 
Katharine Ng, University of San Francisco 
Xing Cong Ong, London School of Economics 

and Political Science 
Hang Qian, Dartmouth College 
Paul Unanue, Princeton University 
Ahmad Wahdat, Oberlin College 
Ariell Zimran, Georgetown University 
 
Tenth Annual Carroll Round  
(April 14-17, 2011) 
Dimitri Avramov, American University in 

Bulgaria 
Daniel Boada, Harvard University 

Gustavo Camilo, New York University 
Daniel Chan, United States Naval Academy 
Meryl Ching, University of Warwick 
Kimberly Conlon, University of Minnesota 
Tess DeLean, Wellesley College 
Max Gelb, Dartmouth College 
Ben Guttman-Kenney, University of Warwick 
Malin Hu, Georgetown University 
Kilian Huber, London School of Economics and 

Political Science 
Tomas Jagelka, Dartmouth College 
Shorena Kalandarishvili, Smith College 
Hideto Koizumi, Soka University of America 
Krisjanis Krustins, Stockholm School of 

Economics in Riga 
Benjamin Langworthy, Macalester College 
Nancy Lee, Georgetown University 
Daniel Lim, Georgetown University 
Van Nguyen, Washington and Lee University 
Nikita Orlov, University of Warwick 
Anselm Rink, London School of Economics and 

Political Science  
Vivek Sampathkumar, Georgetown University 
Monica Scheid, Georgetown University 
Markus Schwedeler, Maastricht University 
Matthew Shapiro, Georgetown University 
Zane Silina, Stockholm School of Economics in 

Riga 
Anusuya Sivaram, Georgetown University 
David Thomas, University of Oxford 
Maximilian Thormann, London School of 

Economics and Political Science 
 
Eleventh Annual Carroll Round  
(April 19-22, 2012) 
Madara Bogdane, Stockholm School of 

Economics in Riga 
Paul Byatta, Harvard University 
Nikhil Dugal, New York University 
Vladimir Epuri, American University in 

Bulgaria 
Samuel Evans, University of Warwick 
Evan Friedman, Brown University 
Fabian Gunzinger, University of Bern 
Taras Ignashchenko, Lancaster University 
Katrina Koser, Georgetown University 
Nhaca Le, Georgetown University 
Wanyi Li, Macalester College 
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Elitsa Nacheva, American University in 
Bulgaria 

Anastasija Oleinika, Stockholm School of 
Economics in Riga 

Carlo Pizzinelli, Dartmouth College 
Thomas Preston, University of Warwick 
Doug Proctor, Georgetown University 
Julian Richers, Columbia University 
Christopher Roth, University of Warwick 
Andrea Ruiz, The George Washington 

University 
Kaivan Sattar, New York University 
Mark Schmidt, Georgetown University 
H. Jess Seok, Georgetown University 
Kenichi Shimizu, Soka University of America 
Anusuya Sivaram, Georgetown University 
Shuo Yan Tan, Georgetown University 
Anna Weber, Georgetown University 
Edie Wu, Dartmouth College 
Qianyi Yang, Macalester College 
 
Twelfth Annual Carroll Round  
(April 18-21, 2013)  
Nikola Andreev, American University in 

Bulgaria 
Matthew Bailey, University of Warwick 
Albert Chiang, Georgetown University 
Bayarkhuu Chinzorigt, American University in 

Bulgaria 
Hadi Elzayn, Columbia University 
Yi J ie Gwee, London School of Economics and 

Political Science 
Rosa Hayes, Wesleyan University 
Asher Hecht-Bernstein, Columbia University 
Edward Hedke, Georgetown University 
Hannah Hill, Georgetown University 
Sasha lndarte, Macalester College 
Mohandass Kalaichelvan, Dartmouth College 
Phoebe Kotlikoff, United States Naval Academy 
Weiwen Leung, Singapore Management 

University 
Shawn Lim, University College London 
Michael Lopesciolo, Georgetown University 
Sara Marcus, Dartmouth College 
Stephen McDonald, Georgetown University 
Leyla Mocan, University of Pennsylvania 
Preston Mui, Georgetown University 
Emily Oehlsen, Georgetown University 

Igors Pasuks, Stockholm School of Economics 
in Riga 

Nicolas Powidayko, University of Brasilia 
Michael Reher, Georgetown University 
Glenn Russo, Georgetown University 
Eduards Sidorovics, Stockholm School of 

Economics in Riga 
Fabian Trottner, London School of Economics 

and Political Science 
Ilyas Zhukenov, University of Warwick 
 
Thirteenth Annual Carroll Round  
(April 10-13, 2014)  
Eric Aldenhoff, University of Maryland, College 

Park 
Russell Black, Oxford University 
Thomas Bumberger, University of Cambridge 
Dawn Chan, Georgetown University 
Kyle Coombs, Macalester College 
Rob Dent, The University of Virginia 
Brian Goggin, Georgetown University 
Heather Hedges, Georgetown University 
Alyssa Huberts, Georgetown University 
Johnny Huynh, Pomona College 
Nikhil Kalathil, Oberlin College 
Matthew Klein, The University of Chicago 
Samsun Knight, Oberlin College 
Vincent La, Dartmouth College 
Nataliya Langburd, Yale University 
Katherine Loosley, London School of 

Economics and Political Science 
Soumyajit Mazumder, Georgetown University 
Russell Morton, Princeton University 
Jill Ni, Georgetown University 
Jonathan Pedde, Dartmouth College 
Viktoria Pilinko, Stockholm School of 

Economics in Riga 
Andrei Romancenco, Stockholm School of 

Economics in Riga 
Saugata Sen, London School of Economics and 

Political Science 
Benjamin Shoesmith, The University of North 

Carolina at Wilmington 
Meredith Strike, Georgetown University 
Chris Stromeyer, Georgetown University 
Rachel Syzmanski, Georgetown University 
Josh Walker, Lancaster University 
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Fourteenth Annual Carroll Round  
(April 16-19, 2015)  
Levi Boxell, Taylor University 
Hameem Races Chowdhury, University of 

Warwick 
Thomas Christiansen, Georgetown University 
Mathison Clore, Georgetown University 
Chenbo Fang, University of California, Berkeley 
Ryan Su-Shien Go, University of California, 

Berkeley 
Aaron Goodman, Dartmouth College 
Geeva Gopalkrishnan Georgetown University 
Sankalp Gowda, Georgetown University 
Thomas Gutierrez, Harvard University 
Dora Heng, Cornell University 
Samuel Huang, London School of Economics 

and Political Science 
Kenan Jusufovic, London School of Economics 

and Political Science 
Eve Lee, Georgetown University 
Michael Lee, The University of Texas at Austin 
Karlis Locmelis, Stockholm School of 

Economics in Riga 
Shom Mazumder, Georgetown University 
Jonathon McClure, Georgetown University 
Michael McGrath, Georgetown University 
John McKeon, Boston University 
Virginia Minni, University of Warwick 
Natalie Nah, Georgetown University 
Emily Reeves, Dartmouth College 
Lea Rendell, Vassar College 
Daniel Roeder, Duke University 
Raphael Small, Haverford College 
Jack Wiloughby, Duke University 
Nancy Wu, Dartmouth College 
Yingtong Xie, Macalester College 
 
Fifteenth Annual Carroll Round  
(April 21-24, 2016) 
Mihaly Abel, University of Warwick 
Ahwaz Akhtar, Georgetown University in Qatar 
Rachel Anderson, Duke University 
Lukas Bolte, London School of Economics and 

Political Science  
Lilia Chobanova, American University in 

Bulgaria 
Felicia Choo, Georgetown University 
Griffin Cohen, Georgetown University 

Emily Corning, Columbia University 
Dashnamjil Enkhbayar, Georgetown University 
Michael Gill, University of Warwick 
Serena Gobbi, Georgetown University 
Elizabeth Johnson, Georgetown University 
Anastasiya Kazhar, Stockholm School of 

Economics in Riga 
Stephanie Kestelman, Swarthmore College 
Olena Kuzan, Stockholm School of Economics 

in Riga 
Jia Jun Lim, University of Warwick 
Omeed Maghzian, Columbia University 
Querida Qiu, The University of Chicago 
Mason Reasner, Vanderbilt University 
Tim Rudner, Yale University 
Robert Scales, Dartmouth College 
Joycelyn Su, The University of North Carolina 

at Chapel Hill 
Yichuan Wang, University of Michigan 
Matthew Waskiewicz, American University 
Danny Watson, Georgetown University 
Vanessa (Wenye) Xiao, Vanderbilt University 
MaryAnne Zhao, Georgetown University 
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