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Professor David
Roland-Holst

Interviewed by Vassilisa Rubtsova

VOLUME VI

Interviewer: Hello. Thank you for meeting with me for this inter-
view.

Prof. Roland-Holst: Of course.

Interviewer: Before we dive into the interview, could you give me
an overview of the work and research you've done.

Prof. Roland-Holst: T'm an economics professor here at UC Berke-
ley and I got my PhD here. I've been teaching here since 2000. My
main areas of work are economic development and environmental
economics. I have worked in over 40 countries and I've got over
100 publications. My main areas of study now are climate policy in
China and California, separately. They are both interesting theaters
for this work. In the larger area of development and climate change,
I work primarily in China, Southeast Asia, and Central Asia. Those
are the regions I have studied for most of my career but I also did
work in Africa and Latin America. My work with California came
along with Californias climate initiatives.

Interviewer: Clearly you have done a lot of work with sustainable
development. Currently developed countries reached their de-
veloped status through the indiscriminate use of fossil fuels, are
sustainable rates of development in currently developing countries
competitive with rates of development through traditional means
of development through the use of fossil fuels?

Prof. Roland-Holst: The simple fact is that fossil fuel use is relatively
inexpensive if you do not account for the social cost of carbon. That
makes it irresistible as a development tool. Our prosperity today in
the West today is completely based on the Industrial Revolution.
We domesticated carbon fuels and this allowed us to develop tech-
nologies that were beyond the imagining of our ancestors. There is
no question that we are on a carbon and fossil fuel intensive growth
trajectory. But fortunately, that does not need to be repeated in de-
veloping countries. Some of those countries have used fossil fuels
to develop rapidly. We see that with China. China’s growth is very
carbon intensive since they have huge carbon reserves. Fossil fuels
remain relatively inexpensive but the cost of more sustainable en-
ergy sources, in particular solar and wind renewables, have been
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plummeting in the last decade. Solar has fallen more than 70% and
wind has fallen 50%. So they are coming into the range of the same
cost as fossil fuels. Developing countries will be able to leap frog
from fossil fuels to renewable energy sources. The tricky thing is
overcoming the political economy of fossil fuel energy resources.
Those resources are in the hands of very powerful stakeholders,
not only in the West but also in developing countries. When po-
litical institutions of developing and developed nations have to
choose between renewable energy and fossil fuels, it is not just on
a cost basis. It is also adjusted for the political economy. In that
case it becomes more challenging to overcome the use of fossil fu-
els for development. There are too many sunk costs in fossil fuels
and wealth in those assets. If we look at coal, coal in the United
States is about 60,000 FTE workers that need a different future for
themselves. They have had chronic poverty and health problems
for generations because of coal. The stubbornness of the coal issue
is really about stranded assets in the energy sector. This is a much
more difficult problem to solve than transition systems for fossil
fuel workers such as coal workers. If we look at the assistance of-
fered to farmers in America in comparison, offering assistance to
coal workers would be cheap. Solving the issue of workers in these
industries is relatively simple, the challenge is solving the utility
and the stakeholder problem. In China by contrast its about the
workers. China has 5 million FTE coal miners so that becomes a
social policy consideration when you want to decarbonize the chi-
nese economy. The technologies are there. China already has the
largest renewable sector in the world already. I am optimistic that
there will be this transition to renewables on a large scale for eco-
nomic development since China has already recognized the public
health crisis that comes from coal consumption which hinders eco-
nomic development. Other developing economies can learn from
this example.

Interviewer: We have all of these widely accepted profit maximiza-
tion models that do not account for social cost of externalities and
so everyone ends up paying for these externalities because com-
panies are not absorbing the costs. This is a broad question but do
you think it is possible to change or adjust our profit maximization
models and current practices to include consideration for external-
ities? Is it possible to reform the study of economics?
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Prof. Roland-Holst: Economics is trying to reform itself. Econo-
mists are very aware of the shortcomings. The younger generation
of economists are focusing their energies on this. Everyone under-
stands the imperfections of the models. The question becomes is
economic theory dead? It is not, it is evolving to the complexities
of reality. The parallel to this is astronomy. We began with New-
tonian mechanics. Isaac Newton came up with the model of how
the heavens work and made accurate, reliable predictions. But it
was based on many assumptions such as a frictionless universe and
no relativistic interactions but we now know that the universe is
much more complicated. The theories have evolved. We need more
Einsteins in economics who can help us understand how these im-
perfections can be not only recognized and understood but also
rectified. If you want to represent the social interests in economics
what kind of interventions can you devise to correct for market
failures? But in general economists understand that the perfectly
competitive paradigm is misleading in every important ways. It not
only misleads us in terms of the perceptions of the outcomes but it
also misleads individuals to do things that may not be good for so-
ciety. And not just with pollution but also with inequality. Certain
amounts of inequality is interesting because it perhaps motivates
people but too much inequality is bad for everybody. It creates so-
cial risk and that imposes costs on society. These are areas where
we need the public interest to be represented to correct for the im-
perfections in markets.

Interviewer: In China a lot of sustainable and climate change policy
has been implemented out of sheer necessity, in the United states
the full impacts of climate change and environmental degradation
are yet to be fully felt. China obviously has a very different econ-
omy from the united states so what can the United States do to
implement some of the changes that China has given the United
States economy?

Prof. Roland-Holst: It begins with accepting the reality of climate
change. Going back to the example of coal. Coal consumption
should have ended yesterday. We need to find a way to make that
possible even if that means compensating stakeholders. The prob-
lem is that there is no public and political will which is the key
difference between the United States and China to take action.
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We are a wealthy country so we can afford to both slow the process
of climate change and adapt to the effects of climate change. My
biggest concern is lack of political action. We don’'t necessarily need
to model our changes after China we just need to begin to account
for climate change.

Interviewer: Looking at California, we see this political will to take
action. California has been largely successful in implementing
climate change policy and sustainability. Do you think what has
worked in California could work in other states?

Prof. Roland-Holst: In fact, if all states adopted California’s existing
policies pollution reductions would be going down seven times as
fast. These are on the shelf policies but again there’s a lack of polit-
ical will.

Interviewer: So political will aside for a moment, do you think that
California’s policies work in other states?

Prof. Roland-Holst: It technically could work but the problem is that
the stakeholders are different across different states so we would
have to have some kind of compensation scheme. I do not expect
those invested in conventional energy to give up without a fight but
they do not need to fight if we come up with a valid compensations
scheme. Studies show that the benefits significantly outweigh the
costs so it’s feasible to compensate. If we look at the amount we
spend on things such as agricultural subsidies, this compensation
would be cheap.

Interviewer: On the topic of California and climate change policy,
Californian regulations include the gas tax. In many ways the tax
is regressive and negatively impacts people who do drive long dis-
tances and who have older models of cars. How do we go about
addressing the regressive nature of the tax?

Prof. Roland-Holst: The benefits are so great that we could com-
pensate those who would otherwise be adversely affected and the
way to do that is to subsidize more efficient energy technologies
for them. We shouldn’t subsidize fuel for low income families or
those who drive long distances because it only encourages them to
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make the problem worse. Instead subsidize the technology choices
they make and make more efficient technologies available. Obvi-
ously low income households in California cannot buy innovative
technologies anytime soon. It takes time for these technologies to
trickle down to the used car market where low income families
buy their vehicles. However you can absolutely implement incen-
tives that would make those cars more affordable. Right now, Volk-
swagen is preparing a platform for twenty four different models of
low cost electric vehicles and they are targeting directly the entry
level buyer. That is why the regressive tax issue won't be an issue
much longer. Part of the problem is behavioral. We have plenty
of technologies on the shelf to address climate change but in part
people just don’t like them. Elon Musk kind of realized this but
unfortunately he started at the top of the market so most people
cannot afford his sustainable technology. You can’t get people to
buy vehicles by lecturing them about fuel efficiency. It is not what
motivates them; it is a much more visceral thing. We need to make
these technologies things that people desire. As far as the adverse
effects of regressive taxes we can correct those.

Interviewer: During the transition to sustainable practices, busi-
ness profits do take a hit. How do we converge sustainability with
profits made without sustainable practices?

Prof. Roland-Holst: We must recognize the incentives and society
has to take responsibility for those adjustments. I am a big advocate
of green microcredit for enterprise. The problem is not so much
business, its small businesses. Large corporations when they need
new technologies, they either borrow money at the prime rate
from large multinational banks or they issues bonds on Wall Street;
there’s a very low cost credit there. Small businesses adopt technol-
ogies by using their credit cards; they simply don’t have access to
the credit that large corporations do. So their cost of credit is much
higher so they are much more concerned when they are told they
need to adopt new technologies. The state needs to step up and
offer subsidization for the appropriate technologies.

Interviewer: When it comes to larger corporations then, the argu-
ment against imposing environmental regulation is that they can
“always go abroad” How do you argue against that?
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Interviewer: Id like to begin by speaking to you about how your
personal journey led you to Economics and then delve deeper into
your research interests. Could you begin by telling me about your
background and how it helped shape your academic focus and
what experiences helped you find your passion for Economics?

Prof. Walters: Sure! I went into college thinking I was going to do
more humanities-related disciplines. I always kind of knew I liked
school, so I knew I was probably going to go to grad school or
something, but I didn’t know what. I was interested in History and
Philosophy as an undergrad. I didn’t take any Math my first couple
of years, but then I sort of happened to take an Economics class by
chance and I realized it was a way of answering a lot of the same
social questions I was interested in studying in a more quantitative
way, and that appealed to me as someone who had a little bit more
Math that I felt like I wasn’t able to use in my History classes, so I
just started taking more and went from there.

Interviewer: What inspired you to research into school choice and
charter schools?

Prof. Walters: Thats a good question too. A part of that was oppor-
tunity. In modern Applied Microeconomics, it is very important
to have very detailed data on people’s choices and outcomes, so
I was looking for an area where I could get a combination of the
right data and the right question. In grad school I was sort of in-
terested in labor markets broadly construed and how people ac-
cumulate the kinds of skills that they sell on the labor market, but
there is a lot of different sub-questions under that. In my graduate
classes, readings, and recent work in top journals in this area, I
got interested in the combination of choices and experiments that
were on the frontier of the education literature. So I would say the
modern applied micro paradigm, especially the way that I was
taught in graduate school, is that you need a good experiment to
be able to say anything interesting about a social science question.
By that I mean a setting where you have something that looks like
a well-controlled or randomized comparison where some group of
people get access to some program or opportunity and another set
of people randomly don't. That’s like an experimentalist view of re-
search. But I'm also interested in, at least to some extent,
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theoretical models of how people make choices and how their
choices are linked to the benefits of the programs that are avail-
able to them. And so looking at the charter school literature, it was
mostly focused on evaluating, in a kind of causal sense, what are
the impacts of charter schools and other school-choice programs
like that on the people that participate using this institutional fact
that, among those who apply to those programs, in a lot of cases
the assignment happens by random lottery. And so we like that
as social scientists, that’s a well-controlled comparison and we're
confident interpreting the difference between lottery winners and
losers as the causal effect of getting into this school and attend-
ing this school. But I noticed reading those papers and working
on a couple early versions of those myself, that there wasn’t much
analysis in that literature of which people were entering those ex-
periments and why. So that’s why I got interested in the topic. I
was interested in modeling exactly who it is that’s selecting into the
opportunity to attend the opportunity to attend a different school
than your default neighborhood option and how that decision is
linked to the benefit of doing that, for the kid or for the family. So
the combination of being attracted to the experimentalist, clean,
causal identification you get from lotteries with the opportunity to
model people’s choices with the administrative data on who is and
is not applying and what their backgrounds look like is what led me
to my work on that topic.

Interviewer: What are some areas you are looking into now and
how are you looking to collect your data?

Prof. Walters: A lot of my work is secondary analysis of existing
data sets, either experiments that other people have run or admin-
istrative datasets that have something that looks like a quasi-exper-
iment, like lotteries that I mentioned. I have a few different projects
but most of them have that feature, in one way or another. I have a
couple projects on the Head Start program, which is a public pre-
school program for poor kids in the United States. In that strand of
my work, 'm reanalyzing a large-scale experiment that the Depart-
ment of Health and Human Services ran on the Head Start pro-
gram, where people were randomly admitted or not admitted to
Head Start, and then trying to understand what we can learn from
that about who benefits from the program and how that relates to
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choices to participate. And so that’s a secondary analysis on an ex-
isting experiment that someone else ran. In my work on school
choice and school assignment mechanisms, I'm using administra-
tive data on people’s educational decisions and school enrollments
that’s generated as part of the natural process of managing a large,
urban school district and figuring out who's going to what school
and what their outcomes look like. The way I'm collecting most of
my data is opportunistic in some sense - it’s like data that’s generat-
ed and out there in the world, either by previous experiments or by
government bodies that are implementing or managing programs -
and I'm looking for opportunities to use that sort of data to answer
questions about effects of programs on people’s outcomes.

Interviewer: We learned in Econ 2, a basic Economics class, that the
return on investment in human capital lowers as a person progress-
es through their education. So, do you think the outcome or deci-
sion-making mechanism would change for that person, and would
differ from the work you did on charter schools for example?

Prof. Walters: ’'m not sure I totally agree on the premise of that
question. That question is premised on the idea that the return on
human capital investment is largest early-on in the schooling year.
There’s certainly a lot of evidence that highly effective preschool
programs have very large social returns. And I think that evidence
is convincing, but I think there’s also more recent evidence that
even at later stages in their career - like middle and high school,
or even college - there’s pretty large returns on human capital in-
vestment as well. For example, for marginal college students in the
United States, in my view, some of the best evidence suggests that
the return to year of college for students at the margin between
attending a four-year college and not is something on the order of
10% per year or higher. I'm thinking of some research by Seth Zim-
merman, who's an economist at the University of Chicago School
of Business. 'm not sure all economists would agree with me, but I
think our best evidence suggests there’s actually pretty large returns
to human capital investment at all different stages of the education-
al career, including the college attendance decision.

Interviewer: So what made the choice of subfield in Economics
clear for you? What made you decide on Labor Economics as your
focus?
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statistics these days don't reflect at all the dynamic of income for
the vast majority of the population. For instance, since 1980 there’s
been about 1.4% growth a year on average in the US, but for half
of the population there’s been zero growth. And so you just cannot
understand what’s going on in the economy if you just focus on the
macroeconomic aggregates. So even if you just want to understand
how the economy functions, you want to have disaggregated data,
you want to have data on income, and not on average income but
on income for the various groups of the distribution, you want to
have data on growth, and not on average growth but on growth
for the various groups of the distribution. And then people care
about inequality because they feel that it's something that matters
politically. Human beings compare themselves to others. They care
about extreme inequality because it can affect the politically pro-
cess, the policy making process. If wealth is too concentrated in
just a few hands it means that the politically process is more likely
to be controlled by a few very wealthy individuals. So, if you care
about democracy, the type of society we live in, then you care about
inequality.

Interviewer: You've said in the past that extreme wealth concen-
tration, or, in fact, wealth concentration to any affect, can affect
democratic institutions. Can you expand on this a little?

Prof. Zucman: Wealth is power, and so a huge concentration of
wealth means a huge concentration of power. A small, extremely
wealthy, fraction of the population has the power to greatly influ-
ence the policy making process. It's not that the very wealthy are
evil people. It’s that they don’t need public schools, or public hospi-
tals. They just don’t need these things, and so some of the very rich
just don’t want to pay taxes to support them. If things are more
equally spread, if we all need public schools and a public healthcare
system, then it makes these institutions more sustainable.

Interviewer: Are you of the opinion that a universal basic income
would be a band-aid fix for a larger systemic problem?

Prof. Zucman: It's a complicated question. One of the
specificities of the US as a country and the US system of govern-
ment, taxes, and transfers, is that there is no support for people
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who don’t have kids, people who are unemployed. Because there is
no safety net, you have a fraction of the population that earns no
income, and lives in dire poverty. Most developed countries have
a minimum income, a safety net, where nobody can earn less than
x. From that perspective, I think introducing a universal basic in-
come in the US would be a very good thing. It’s a missing com-
ponent in the US welfare state, the US safety net. There are many
missing components, but that’s one, an important one. Now, we can
debate the merits and demerits of how a universal basic income
should be structured, whether you want to structure it in a way
where you send checks to everybody, etc. Should we exclusively
rely on a universal basic income when dealing with rising inequal-
ity? That, I think, is a mistake. The countries that have successful-
ly addressed inequality, reduced inequality, did so primarily not
through government transfers, but by equalizing the distribution
of market income, of pre-tax income. In particular, in making sure
that everybody can work and earn a decent wage. That, historically,
and throughout the world, has been the way that inequality has
been contained. Because if you have extreme market inequality,
and then, okay, the wealthy pay taxes, that fund transfers for the
poor, that’s not very sustainable. At some point, you know, the rich
start to feel something along the lines of I'm so deserving of my
high income, why am I paying for people that don’t work? That’s
not sustainable. So the short answer is: a universal basic income
is probably a good idea, given that it's a missing component of the
safety net, and the welfare state, but it’s far from enough.

Interviewer: What should the primary focus of tax policy be?
Should it be on bolstering the middle class, or propping up the bot-
tom 10%?

Prof. Zucman: 1 think these things go together. If you tax the rich it
affects the entire distribution, because it changes the incentives for
very rich people to earn a lot of income, to extract rent at the ex-
pense of other parts of the distribution. If you have top marginal in-
come tax rates of 90% or more, like the US had for a very long time,
then it completely changes the incentives of corporate executives
to pay themselves very high salaries, so that means more money
that can be used to pay ordinary workers more, for instance. I don’t
think you can think about these various groups in isolation. I think
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tax policy affects everything, and that’s what the historical record
shows, that when the top tax rates were very high income growth
rates for the middle class and for the working class were higher.
That’s why I think it makes sense to say: okay, let’s change taxation
- of course you're not going to fix all the problems - but progres-
sive taxation is a very powerful economic policy because it affects
all taxable behavior. You can regulate finance, and of course that’s
very important, you can regulate health care, which takes of 20%
of GDP and is of course very important. But progressive taxation
changes behavior across the board, in all sectors of the economy,
and so it’s the most powerful and the most direct way to change the
dynamic of income growth across the spectrum.

Interviewer: Do you think the most valid critique of progressive
taxation is that it will increase the incidence of tax avoidance?

Prof. Zucman: Too many people have the view that tax avoidance is
an unavoidable given, and that if taxes are higher people will avoid
or evade more. That’s not true. That’s not what the data shows. Tax
avoidance and tax evasion are things that government police can
affect. If you have a tax system that has few or no loopholes, then
you cannot avoid taxes. If you create lots of loopholes, then people
are going to use them. That’s a choice that governments make. You
can choose to have no loopholes. You can choose to spend resourc-
es to enforce the law, and fight tax evasion, in terms of collecting
information, implementing sanctions against financial institutions
or the countries that facilitate tax evasion. All of this can be con-
trolled through appropriate tax policy. My view is that if the US
moved towards a more progressive tax system then also, logically
speaking, we would see more of that effort to curb tax evasion and
a more concerted effort in reducing loopholes, making sure it's not
possible to legally avoid taxes. If it's done that way then tax reform
can work.

Interviewer: How would this kind of effort deal with multinational
corporations like Apple exploiting foreign countries for tax eva-
sion?

Prof. Zucman: That’s a good illustration of how the US government
has let big US companies shift profits to offshore tax havens, and
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accumulate trillions in untaxed earnings in places like the Cay-
man Islands, Bermuda, Ireland. That was a choice that was made,
that could have been done differently. One way to do it differently
would be to say if Apple, for instance, makes 50% of its worldwide
sales in the US, then the US is going to consider that 50% of their
worldwide profits have been made in the US. That’s going to be
the tax base, that's whats going to be taxed in the US. The beau-
ty of this is that Apple today can manipulate the location of their
profits but they can't manipulate the location of their customers.
Their customers are in the US. Such a system makes tax avoidance
impossible. It illustrates this very simple idea that tax avoidance is
a policy choice. With a different tax system we can reduce this tax
avoidance to zero. It’s doable.

Interviewer: Can Senator Warren and Representative Cortez’ tax
proposals work in conjunction to reduce inequality?

Prof. Zucman: Yeah, I think they can work together, and I think
most people agree that the proper way to tax the rich is not with
just an income tax, or just a wealth tax, or just an estate tax. You
need a wealth tax because many very rich people, billionaires, have
a ton of wealth but very little taxable income. For them, even if you
increase the top marginal income tax rate to 70% it’s not going to
make any difference to how much tax they pay in total. Whereas
with a wealth tax, well that’s going to change a lot. You want an
income tax because you have people who earn a lot of income, like
corporate executives, but maybe don't have a lot of wealth, and so
the proper way to tax them is through the income tax. You want a
progressive estate tax because if you care about meritocracy, if as a
society we prefer self-made wealth over inherited wealth, then you
want to tax inherited wealth more through the estate tax. These
three things complement each other. I think that ultimately, the
proposals that will be made during the primaries will reflect this.

KB: What has been the response to your work in the sphere of pub-
lic policy?

Prof. Zucman: I think, by now, the vast majority of the population,
including the vast majority of economists, realize that rising in-
equality is real, and is a very serious problem and that something
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needs to be done. I think the idea of wealth taxation has become
much more mainstream than it was even a few years ago. I think 5
years ago majority of economists would have said it doesn’t make
sense, we already have an income tax, et cetera. Now that we have
better data on wealth concentration and a clearer understanding of
how the wealth tax would work, how it would be implemented, I
think - I don’t know if it's the majority of economists - but I think
a big fraction of economists and also a big fraction of people in the
policy making world, in Washington D.C., find the idea of a wealth
tax perfectly sensible. I think it has, actually, a pretty bright future.

Interviewer: So you're optimistic for the future?

Prof. Zucman: I'm pretty optimistic, yes.
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Curbing or Displacing
Deftorestation?
The Amazon Blacklist
Policy

Joao Pedro Vieira
University of California, Berkeley

Abstract

This paper tries to establish causality between the Amazon
blacklist policy and deforestation displacement, by applying
the differences-in-differences framework, on a panel of
Cerrado Municipalities from 2004 through 2014. The results
are statistically significant, showing evidence of displacement
at intermediate distances (50-200 km). These findings are
robust to different treatment cut-off definitions. Also, the
parallel assumption holds when looking at the pre-trends.
Counterfactual simulations show an increase in deforestation
of 4,963 km2 from 2009 through 2014, representing an offset
of 29% of the direct impact of the policy.
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Displacement, Deforestation, Differences-in-Differences,
Amazon Blacklist, Cerrado
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1 Introduction

The Amazon is the largest biome of Brazil, covering an
area of 4,106,943 kmz, followed by the Cerrado that covers
2,036,448 km® (IBGE, 2004). However, when recent and
historical deforestation rates are compared, the positions are
reversed. Even though the Cerrado is considered one of the
world’s biodiversity hotspots (Myers et al., 2000; Silva and
Bates, 2002), by the early 2000s, almost half of its total area
had already been converted to pasture or cropland (Klink and
Machado, 2005; MMA, 2015; Noojipady et al., 2017). Whereas,
in the Amazon, this share reached only 18.2% in 2013 (Nobre,
2014). Moreover, for the 2004 through 2014 period (excluding
2005), deforestation rates were consistently higher in the
smaller biome.

This picture supports the estimates of Noojipady et al. (2017),
that two-thirds of the Brazilian greenhouse gas emissions
were due to changes in land use and forest loss in 2005.
To stop this trend, the Brazilian government launched an
integrated action plan (PPCDAm'). The plan focused on
the preservation of tropical forests typically present in the
Amazon, even though the deforestation pressure was higher
in the Cerrado.

The conservation policies’ turning points coincide with the
sharp falls in deforestation rates for the Amazon. However,
as pointed out by Noojipady et al. (2017), to achieve national
emission reductions, it is necessary to take into account
possible cross-biome leakages. For example, between 2010
and 2013, they estimated that carbon emissions due to
land use changes in Cerrado offset 5% to 7% of the avoided
emission from the Amazon.

This paper explores the institutional changes in the mid-
2000s that focused conservation efforts in the Amazon
over the Cerrado. Specifically, the focus is the Priority
Municipalities’ (PMs) policy which created a blacklist, in

1 Action Plan for the Prevention and Control of Deforestation in
the Legal Amazon
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2008, of municipalities with high clearing rates. The question
to be answered is “Did this policy displace deforestation from
the Amazon to the Cerrado?”

The rationale is that when a municipality enters the blacklist,
there is an exogenous rise on the cost of deforestation due to
strict law enforcement (Assung¢do and Rocha, 2014) or other
non-enforcement mechanisms (Cisneros et al., 2015), leading
to an incentive to displace. Additionally, considering the focus
of the policies, the Cerrado seems to be a more attractive
region compared to non-blacklisted Amazon municipalities.

Based on a panel of Cerrado municipalities from 2004
through 2014, I use a differences-in-differences framework,
considering municipalities that are less than 300 km
from the closest PM as treatment. The model indicates a
statistically significant increase in the farming area, a proxy
for deforestation, at intermediate distances from 50 to 200
km. In robustness checks, I find supporting evidence for the
parallel assumption, looking at the pre-trends. Also, I verify
that the results are not driven by the arbitrary treatment cut-
off by testing a 250 km threshold. Finally, counterfactual
simulations suggest a total displacement of 4,963 kmz2 from
2009 through 2014. That represents an offset of 29% of the
avoided deforestation in the targeted Amazon municipalities,
compared to the direct impacts estimated by Assunc¢do and
Rocha (2014).

This study is closely related to two main pieces of literature:
crime literature and literature that evaluates the impact of
the mid-2000s Amazon anti-deforestation policies.

From crime literature, I am interested in the debate about
hotspot policing and displacement or diffusion effects.
Chalfin and McCrary (2017) define hotspots policing as a
reallocation of existing resources to places where crime is
highly concentrated. The question that follows is if this
strategy merely shifts, through the displacement effect, rather
than reduces, crime. Weisburd et al. (2006) point out that for
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a long period of time, it was believed that displacement was
inevitable; however, now many critics don’t think that is the
case (Barr and Pease, 1990; Gabor, 1990; Eck, 1993; Hesseling
1994; Clarke, 1995). Moreover, Clarke and Weisburd (1994)
show that the phenomenon of “diffusion of benefits”—
the reduction of crimes in areas outside the targets of
intervention and considered the reverse of displacement—
is also possible. Since there is mixed evidence of the presence
and direction of spatial spillovers, documenting these effects
remains an empirical challenge.

Most studies about anti-deforestation policies focused on
direct impacts of the policies (Hargrave and Kis-Katos, 2013;
Arima et al., 2014; Assun¢do and Rocha, 2014; Assungdo et al.,
2015; Cisneros et al., 2015; Assuncdo et al., 2017; Burgess et al.,
2018), leaving spillover effects as a by-product (Cisneros et al.,
2015; Assung¢do, Gandour and Rocha, 2017) when analyzed.
Additionally, even when the focus was displacement, the
sample used was geographically restricted to the Amazon
Biome (Amin et al., 2015; Andrade, 2016). In general, this
literature documents that the anti-deforestation policies were
the main drivers of the observed slowdown in deforestation
in the Brazilian Amazon during the mid-2000s, with small
negative spillovers (Amin et al., 2015) or even positive
externalities (Andrade, 2016).

Hence, my main contribution is prioritizing the identification
of a spillover effect of one of the anti-deforestation policies,
focusing on the much less explored Cerrado region.
Additionally, I provide new evidence for the debate about
hotspots policing from crime literature, applying it to the less
explored setup of environmental crimes rather than urban
crimes.

The rest of this paper is organized as follows: Section 2
discusses the Amazon anti-deforestation policies and the
differences between the Cerrado and the Amazon; Section
3 provides a description of the data; Section 4 explains the
empirical strategy used to estimate the spatial spillover
effect; Section 5 discusses the results of the paper; Section
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6 provides robustness checks for the model assumptions;
and Section 7 concludes by summarizing the results and
presenting its policy implications.
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2 Institutional Context

In the early 2000s, deforestation in the Brazilian Amazon
rose until a peak of 2.8 million km” in 2004. As a response,
the Brazilian government created an integrated plan of action
(PPCDAm) with the goal of proposing new approaches to
curb deforestation in the Legal Amazon.” The two main
reformulations were the use of a satellite-based system to
detect tropical clearings and the creation of a blacklist of the
municipalities in need of special attention.

The first phase of PPCDAm started in 2004, and its main
component was the strengthening of monitoring and law
enforcement. Since 1989, Ibama’ is responsible for addressing
environmental violations acting as the national police
authority, and, until 2004, their actions were mostly based
on voluntarily anonymous accusations of illegal activities.
After 2004, however, there was a massive advance in the
identification process of clearings in the Amazon, due to
the adoption of DETER*, developed by INPE °. This system
processes forest cover images in 15-day intervals, comparing
the same area across time to identify signals of forest loss, and
then issuing alerts with the location of the threatened areas.
In practice, when the offenders are caught red-handed, they
can be punished more efficiently, so timing is fundamental
and DETER allowed Ibama to act more quickly (Gandour,
2018).

In 2008, the second phase of PPCDAm was initiated, marked
by significant legal changes. First, the Presidential Decree
6,514 regulated the use of penalties like fines, embargoes,
and seizure and destruction of equipment as punishment
of environmental crimes (Brasil, 2008). Additionally, the
Presidential Decree 6,321, signed in December 2007, allowed

2 Legal Amazon is a geopolitical division of Brazil, includes the
whole Brazilian Amazon Biome, part of the Cerrado and the Pantanal

3 Brazilian Institute for the Environment and Renewable Natural
Resources

4 Real-Time Detection of Deforestation System

5 National Institute for Space Research
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the exposure of municipalities with intense deforestation in
recent years. The selection criteria to be included in the list of
Priority Municipalities (PM) were: (i) total deforested area; (ii)
deforested area over the past three years; and (iii) increase in
deforestation rate in at least three of the last five years (Brasil,
2007). The first list was released in 2008 with thirty-six PMs,
seven more were included in 2009 and 2011 and two more in
2012.

The primary mechanism of action was the adoption of a
hotspot policing strategy that focused the attention of the
Law Enforcement on areas with high crime rates. With a
larger share of dedicated Ibama resources, alerts issued
in these areas were prioritized, private land titles were
revised, and licensing, georeferencing requirements, and
authorizations for clearing in rural properties were made
harsher (Assung¢do and Rocha, 2014). Furthermore, other
non-command and control mechanisms became anecdotally
documented, like the punishment in the polls of local
politicians and the refusal of the supply chains to buy cattle
from embargoed areas (Abman, 2015; Cisneros et al., 2015).

This policy has received some attention from the impact
evaluation literature. Regarding direct impacts, there is
evidence of a significant reduction in deforestation for these
areas (Assunc¢do and Rocha, 2014; Arima et al., 2014; Cisneros
et al., 2015). For the mechanism of impact, Assun¢do and
Rocha (2014) argue that law enforcement fully explains the
reduction, while Cisneros et al. (2015) estimate that non-
enforcement mechanisms account for the impact. For spatial
spillover effects, Cisneros et al. (2015) find no evidence of
either deterrence or displacement effects using a combination
of matching and double difference frameworks. On the other
hand, Andrade (2016) uses a spatial differences-in-differences
model and estimates a significant and economically relevant
deterrence effect, showing a reduction in forest clearing
for non-blacklisted municipalities with PM as neighbors.
Note that both studies look only to tropical deforestation,
which excludes the majority of the Cerrado Municipalities.
Therefore, this paper aims to fill this gap by focusing on
spatial spillovers looking at land use changes in the Cerrado.



BERKELEY ECONOMIC REVIEW

The Cerrado might be an interesting study case and reveal
different findings because most of the policies implemented
in the mid-2000s were aimed at the Amazon Biome and
increased the difference between the cost of deforestation
in these two areas. First, the forest code requires 80% of
conservation in private properties in the Amazon Biome,
while for the Cerrado it requires only 35% when inside the
Legal Amazon and 20% outside it (Brasil, 2012). Secondly, the
innovative monitoring system (DETER) only detects tropical
clearings, thus excluding the majority area of the Cerrado
that is composed by savanna-vegetation. Lastly, almost half of
the Amazon Biome is considered a Protected Area, while this
share is only 18.6% in the Cerrado (Nobre, 2014). As a result,
Cerrado municipalities seem to be much more attractive
for displacement compared to non-blacklisted Amazon
municipalities.
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3 Data

The empirical analysis is based on a municipality-by-year
panel dataset built from multiple publicly available sources,
from 2004 through 2014. The sample includes the Cerrado
biome of all the municipalities inside the Legal Amazon
comprising 355 municipalities. Figure 1 shows the Legal
Amazon region with the sample in grey, the biomes spatial
boundaries, and the blacklisted amazon municipalities
colored by the year of submission. This section briefly
describes the variables used in the analysis. More details
about the construction process and about the data sources are
given in Section 9.1 (Appendix).

Figure 1: Map of Cerrado Sample and Amazon Priority
Municipalities

Priority Municipalities
per Submission year

[ 2008
! 2009

2011
2012

(M|

Cerrado Sample

Biomes Boundaries
[ ] Amazon

[ | ceErrADO
PANTANAL

Note: The figure maps the Brazilian Legal Amazon and biomes spatial
boundaries. The gray region indicates the spatial sample for the
analysis, defined as the area inside the Cerrado biome. The colored
municipalities are the ones in the blacklist, color varies accordingly
with the submission year.

Data sources: IBGE, MMA, MapBiomas.
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3.1  Farming

Deforestation in the Cerrado is not as simple to classify
as deforestation in the Amazon, so to overcome the data
limitation I calculated the share of municipal area destined
for farming to be a proxy for deforestation. As shown by
Noojipady et al. (2017), 88% of the forest loss was destined to
farming in the Cerrado. Therefore, these variables are closely
related.

3.2 Treatment: Distance Criteria

The treatment definition is based on the distance to the
closest PM of the 2008 list. If the distance is less than 250
km, the unit is part of the treatment group, and if it is above
250 km, it is part of the control group. In a robustness check,
[ change this cut-off from 250 to 300 km. To allow spatial
heterogeneity, the treatment group is divided into five subsets
based on distance intervals of 50 km.

3.3  Agricultural Commodity Prices

Following Assuncdo et al. (2012), I use an exogenous
commodity price series with annual international prices for
corn, soybean, rice, sugarcane, and cattle. Then, each crop
is weighed based on the share of the municipal area used
as farmland for production averaged from 2000 through
2003. Moreover, for cattle, the ratio of heads of cattle to the
municipal area is used for the same period. I use the period
pre-sample to avoid endogeneity issues due to changes
in production as a result of the policies starting to be
implemented in 2004.

3.4  Weather Control

Based on the literature that forest loss can affect a region’s
microclimate (Nobre et al., 1991; Aragdo et al., 2008), and that
meteorological conditions can also affect land use decisions,
controls for annual average temperature and annual total
precipitation are added.
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3.5 Policy Control

Finally, I also use variables that capture the presence of other
policies as the share of the protected area and a dummy for
being a Priority Cerrado® municipality. These policies might
be admittedly endogenous because they probably are affected
by the treatment. Thus I only use them for robustness
purposes.

3.6  Summary Statistics

Tables 3 and 4 in Section 9.2 present the means and standard
deviations by year of the variables used in the empirical
analysis.

6 A Priority Municipality list was created for the Cerrado in 2012
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4  Empirical Strategy

4.1 Model

The proposed empirical strategy aims at exploring how the
implementation of the Amazon Blacklist changed the land
use trends in near Cerrado municipalities, which indicates
the presence of displacement effects. I draw on a differences-
in-differences framework to infer causality. The benchmark
equation is:

200 250km
Farming;, = 3 (Parear * Treat_break; » After,) + Xir xw o+ 0+, (1)
break=050km

where Farming;, is the fraction of the municipality i destined
for farming in year t; break comprises five distance intervals
(0-50 km; 50-100km; 100-150 km; 150-200 km; and 200-
250 km); Treat_break; is an indicator that equals 1 when the
distance from muni i to the closest PM is contained in the
break interval; After, is an indicator equals 1 when year t is
greater than 2008; X;, is a vector of muni-level controls for
weather, agricultural prices and observed policy; «; and 0,
are, respectively, municipality and year fixed effects; €i,t is
the muni-year idiosyncratic error. Estimates are robust to
heteroskedasticity, and standard errors are clustered at the
municipality level in all specifications, making them robust to
intra-municipal serial correlation (Bertrand et al., 2004). pyea
are the differences-in-differences estimators of the spillover
effect for each distance break. It is also relevant to notice that
the control group, in this case, is the omitted break category
composed by all the municipalities more than 250 km distant
from the PMs.

4.2 Identifying Assumption

The fundamental identifying assumption in the differences-
in-differences framework is that the control group trend is
a valid counterfactual for the treatment group trend in the
absence of treatment. One can never directly test it since only
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one potential outcome is observed each year. However, to get
confidence that this assumption holds, I inspect the trends
of the treatment and control groups when they both have the
same treatment condition, for example before the policy, in
Section 6.1.

Looking at the pre-trends can give us confidence, but
certainly does not pin down the identification. One might
still argue that the control group is also being affected by
the policy, or that, after the policy, variables relevant to land
use decisions might have changed in ways that made the
treatment and control group trends diverge for reasons not
associated with the policy itself. For the former, I argue that
250 km, a considerable amount of distance, still is an arbitrary
cut-off, so in Section 6.2 I check if our results hold using a
more conservative cut-off of 300 km. For the latter, I not only
add year and municipality fixed effects, controlling for all
time-invariant and unit-invariant variables but also control
for some covariates that vary across time and municipalities
to mitigate omitted variable bias.



BERKELEY ECONOMIC REVIEW

5  Results

5.1  Main Results

Table 1 provides the estimated coefficients of the displacement
effects for each distance break. All specifications include
municipality and year fixed effects.

Table 1: Distance Breaks Regression Results

1) (2) (3) (4)
VARIABLES Farming Farming Farming Farming

After x Treat (0-50km) 0.01034%#%  0.00980%%*  0.00904*%  0.00905**
(0.00364)  (0.00363)  (0.00354)  (0.00377)
After x Treat (50-100km)  0.01622%%% (01540 0.01448%%% (,01468%**
(0.00466)  (0.00457)  (0.00449)  (0.00461)
After x Treat (100-150km) 0.01224%%% (.01190%¥* 0.01073%%% (.01078%**
(0.00330)  (0.00332)  (0.00329)  (0.00333)
After x Treat (150-200km) 0.01834%%% (01825 0.01671%%% (.01671%*
(0.00391)  (0.00388)  (0.00370)  (0.00368)

After x Treat (200-250km) 0.00632 0.00628 0.00492 0.00490
(0.00518) (0.00518) (0.00510) (0.00510)
Observations 3,005 3.905 3,005 3.905
Number of Municipalities 355 355 355 355
R-squared 0.21011 0.21244 0.22627 .22655
ctrl FE ves ves ves ves
ctrl weather no ves ves ves
ctrl prices no no ves ves

ctrl policy no no no Ves

Notes: The table reports fixed effects coefficients for Equation 1
(Section 5.1). The dependent variable is the share of the municipal area
destined for Farming. Reported independent variables are the diff-
in-diff estimators. After is a policy indicator = 1{year > 2008}. Treat
(break km) are treatment indicators = 1{DistancetotheclosestPM
break}. The control group is the omitted category 1{Distance > 250
kmj. Controls are added gradually to the specification. The no/yes
markers in bottom rows indicate the inclusion of the following sets
of muni-level controls: (i) muni and year fixed effects; (ii) climate:
precipitation and temperature; (iii) weighted agricultural prices:
cattle, corn, soybean, rice, and sugarcane; and (iv) observed policy:
share protected area and cerrado priority municipality status. The
muni-by-year panel includes 355 municipalities located in the Cerrado
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biome within the Legal Amazon and covers 2004 through 2014 period.
Standard errors are robust and clustered at the municipality level.
Significance levels: *** p<o.01, ** p<0.05, * p<o.10.

Column 1 controls only for fixed effects. Column 2 adds
temperature and precipitation controls. Column 3 adds
weighted agricultural prices including, cattle, soybean,
rice, sugarcane, and corn. Column 4 adds observed policies
including the share of protected area and a dummy for
Cerrado priority municipality.

The preferred specification is Column 3 because it uses all the
sets of controls, except for the one that might be endogenous.
These results corroborate the hypothesis of displacement
effects. For municipalities between 50 and 200 km, the
policy had a positive and significant impact at the 1% level,
generating an increase in the range of 1.07 and 1.67 percentage
points in the fraction destined for farming, representing a
deforested area of similar magnitude. For municipalities less
than 50 km away there is still a significant impact, but at the
5% level and smaller in magnitude. That can be explained
by the fact that when offenders are very close to areas with
hotspot policing they might perceive an increase in the cost
of illegal deforestation, thus reducing their activities and
attenuating the displacement effect. Also, it can be inferred
that the displacement reach is 200 km, considering that
the coefficient for the 200-250 km break is not statistically
different from zero at any usual significance level. By looking
across the columns it is clear that the coefficients are stable,
serving as evidence that they represent a causal impact.

Figure 2 represents the coefficients from Column 3 of Table
1 graphically, showing how the impact of the policy varies
spatially with a 95% confidence interval.
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Figure 2: Distance Breaks Regression Coefficients
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Notes: The graph plots the fixed effects coefficients from our
preferred specification (Table 1, column 3) and the shaded
area is the 95% confidence interval.

5.2 Counterfactual Simulation and
Economic Impact

To assess the economic impact, I propose a counterfactual
exercise setting all the treatment variables to zero.
Consequently, I simulate a scenario with no implementation
of the blacklist policy, so I calculate the predicted value of
the farming area by multiplying the farming share by the
municipality area (Estimated Farming Area), and finally
doing the same for the baseline model with the observed data
(Observed Farming Area).
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Table 2: Counterfactual Exercise - No Blacklist Policy

Year Observed Estimated Difference
; Farming Area Farming Area observed-estimated
2009 282,180 281,225 955
2010 284,571 283,666 905
2011 287,32 286,369 955
2012 201,189 290,081 1,108
2013 293,710 292,643 1,067
2014 295,251 294,278 973
Total 20092014 1,733,225 1,728,262 4,963

Notes: All areas are in square kilometers. The counterfactual
simulation is conducted using estimated coefficients from our
preferred specification (Table 1, column 3). The hypothetical scenario
sets the treatment interaction terms from 2009 through 2014 as zero
to capture the complete absence of the blacklist policy. Observed
Farming Area shows total recorded sample area destined for Farming;
Estimated Farming Area shows total estimated sample Farming Area
in the hypothetical scenario; Difference reports the difference between
observed and estimated totals.

Comparing these two annual results (Difference observed-
estimated), I calculate an increase of 4,963 km* due to
displacement effects, for 2009 through 2014, in the sample.
Then I compare it to the direct impact, estimated by Assunc¢do
and Rocha (2014), of 11,396 km2 of avoided clearings due to
the same policy. To make the comparison more similar, I use
the average displacement per year: 827.17 km* and the direct
impact per year: 2,849 km®. Using these numbers, I calculate
that the cross-biome leakage generated an offset of 29% in
the policy impact.
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6 Robustness Checks

6.1  Parallel Assumption Tests

To get a visual notion of the trends, I calculate the average
farming share for treatment and control groups for each year
and plotted it as shown in Figure 3.

Figure 3: Visual Inspection of Parallel Trends

0.424

b e
w .
@ =1

Average Share of Farming

o o
W w
= o

0324 L
2004 2008 2008 2010 2012 2014
Year

—»— Control —s Treatment

Notes: The graph plots the trends of the average area destined for
Farming for treatment and control groups for the period 2004— 2014.
Data Sources: MapBiomas

As shown above, the pre-trends are very similar. However,
to formally test the parallel assumption for the pre-trends,
[ use the leads and lags regression. This model requires a
treatment time dummy for each year before and after policy
implementation (2008), and the same set of covariates
is used as a control as in the preferred specification from
column 3 of Table 1. Figure 4 represents the coefficients for
the time dummies graphically.
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Figure 4: Parallel Assumption Test - Leads and Lags
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Notes: The graph plots the fixed effects coefficients of the Leads
and Lags dummies using the set of controls from our preferred
specification (Table 1, Column 3). The shaded area is a 95%
confidence interval.

Data Sources: MapBiomas, MMA and IBGE

Based on this graph, I can assume that the parallel pre-
trends hypothesis cannot be rejected in any year before the
policy and that there is a persistent and increasing impact
of the policy in the following years. This result is consistent
with the coefficients of Table 1 and also with the fact that
more municipalities were added to the list in 2009, 2011, and
2012. In summary, the evidence supports the claim that both
groups have similar trends in the absence of the treatment.

6.2  Treatment Cut-off Robustness Check

As discussed in Section 5.2, it is necessary to check if the
results are being driven by an arbitrary choice of treatment
cut-off and also to be sure that the control group is not being
affected by the policy. To address both concerns, I use the
same model (1), though add a sixth Treat_break dummy for
the 250-300 km distance interval instead of classifying the
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control group, like the ones more than 250 km far away I
consider using a 300 km threshold.

Figure 5: Distance Breaks Robustness Coefficients - 300 km
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Notes: The graph plots the fixed effects coefficients from the
robustness specification similar to the one used in (Table 1, column
3) but adding an extra regressor: After x Treat (250— 300 km). In this
case, the control group are the municipalities more than 300 km
far away from the closest PM (instead of 250 km as in the baseline
specification

Figure 5 shows results similar to the ones in Figure 2. The
coefficients for intermediate distances (50-200 km) are
significant at the 5% level and have similar magnitudes. The
reach of displacement is 200 km because neither coefficient
for (200-250 km and 250-300 km) is statistically significant.
The (0-50 km) coefficient became non-significant. However,
as explained before, the closest interval might have some
deterrence effect mixing the results. It is also important to
notice that this specification might suffer from a lack of
statistical power, because when I changed the cut-off I made
the proportion of units in the treatment group to be more
distant from the optimal ratio of equal distribution, thus
there is less variance on the regressors and less precision
for statistical inference. Briefly, it can be concluded that
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the overall results did not change much. Therefore, they are
robust to the cut-off definition.

6.3 Caveats of the Model

Although this model seems to identify a causal spatial
spillover impact of the policy, it can still suffer from
omitted variable bias and possible biases caused by spatial
autocorrelation in the dependent variable. For example,
if unobserved policies were implemented after 2008, in
the control group and not in treatment it might make us
overestimate the impact, but since I am restricting the
sample to the same administrative region Legal Amazon, it
minimizes the probability of these biases.
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=  Final Considerations

This research provides evidence of cross-biome leakage across
the Amazon and the Cerrado borders. Leakage can make it
more difficult to achieve national reductions in emissions. It
fills the gap in the anti-deforestation evaluation literature by
focusing on a less explored region, Cerrado, and less explored
impact, spillovers. This paper also contributes to the Crime
Literature by estimating spillover effects generated by a
hotspot policing strategy.

The results suggest that the blacklist policy generated
a displacement effect, mostly at intermediate distances
(50-200 km). I use a differences-in-differences strategy
to establish a causal relationship between the policy of
interest and the side-effect generated by it. Robustness
tests provide supporting evidence for the parallel trends
assumption, and the coefficients are stable when controls
are gradually included and when the treatment definition
changes. Moreover, I assess the economic relevance using
a counterfactual simulation, estimating a scenario with no
blacklist policy. From this exercise, I estimate a leakage of
4,963 km’, representing an offset of 29% of direct impacts.

In the light of these results, I argue that is necessary to extend
existing policies, like DETER, to be able to detect clearings
in other vegetation and allow the government to issue more
alerts in the Cerrado. Also, it is necessary to make more
specific policies that take into account biome differences and
attempt to reconcile agricultural production and conservation
efforts. Lastly, this paper and previous works (Gonzalez-
Navarro, 2013; Davis, 2008; Andrade, 2016; Pfaff and Robalino,
2017; Gandour, 2018) have shown spillover effects to be
relevant, so these effects always need to be considered in
Policy Impact Evaluations.

For future research, as pointed out by Andrade (2016), land
use and forest loss variables may be spatially dependent.
Therefore, a spatial econometric model should be used to
correct for this spatial autocorrelation. Furthermore, spatial
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heterogeneities might be better captured when using data in
a more finer-scale than the municipality level (Donaldson
and Storeygard, 2016). Finally, it would be useful to include
in a single analysis of the spillover effects in both biomes to
calculate the net impact on neighbors.
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9 Appendix

9.1 Data - Variable Constructions and
Sources

To define the biomes boundaries I used the one made
available by MapBiomas, based on Biomes Limits Map
from IBGE and refined using the Territories Limits and the
phytophysiognomies Map. For the municipalities boundaries,
[ used the 2015 IBGE definition.

9.1.1 Farming

MapBiomas is a multi-institutional initiative that since
2015 aims to generate a time-series with annual data of
the land cover and land use for all Brazilian biomes. The
initiative automatizes the satellite images with advanced
techniques like Random Forest. So, to obtain a good proxy of
deforestation, I aggregated the categories relative to farming
use (pasture and agriculture) to the municipality level,
using the collection 2.3, available in the raster format with
30 meters resolution. After aggregating the area of interest,
[ divided it by the municipality area that is inside the Legal
Amazon and the Cerrado biome, generating the fraction of
the municipal area destined to farming.

9.1.2 Treatment - Distance Criteria

To define the treatment region, I first calculated the distance
to the closest Priority Municipality of the 2008 list, then
generated indicator variables based on 50 km distance breaks.
The breaks used were: 0-50 km, 50-100km, 100-150 km, 150-
200 km, 200-250 km, and 250-300 km. In the baseline, I
include all of these five dummies, so the control group is the
omitted category (i.e., all municipalities above 300 km). To
calculate the distances, I spatialized the PM list provided by
the MMA based on the 2015 IBGE municipalities division.

9.1.3 Agricultural Commodity Prices
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The source for the annual price index (USD, 2010 base year)
was the World Bank Pink Sheet. I gathered data for soybean,
rice, sugar (as a proxy for sugarcane), and cattle. To add
variance across the municipalities, I weigh the prices by the
commodity relevance in each municipality. For that I used
data from IBGE on agricultural production and the following
formula:
PPAitc = PPtc Aic,2000-2003

where PPA,. is the weighted real price of commodity c in
municipality i and year t; PP, is the Pink Sheet real price of
commodity c in year t’and A;,2000-2003 is the municipality
specific weight. For crops, the weight is given by the share of
the municipal area used as farmland for crop ¢ in municipality
i averaged over 2000 and 2003. To avoid endogeneity, I only
consider the period before the sample for the analysis and
the policies implementation. For beef cattle, given that
annual pasture specific for beef is unobservable, the weight is
given by the ratio of heads of cattle to the municipal area in
municipality i averaged over 2000 and 2003.

9.1.4 Weather Control

I compiled weather data from the Matsuura and Willmott
(2015) dataset that created a regular grid worldwide of
estimated precipitation and temperature over land. They use
extrapolations techniques based on data collected at weather
stations. It is a monthly dataset, so for precipitation, I
calculated a total value by year and for temperature and took
the annual average.

9.1.5 Policy Control

For the Cerrado Priority Municipalities, I did the same
spatializing process as the Amazon Priority Municipalities
and then created an indicator variable equal to 1 if the
municipality i in year t was in the list. For the protected
areas, I gathered data from multiple sources (FUNAI, ISA and
MMA) and calculated the fraction of the municipal area that
was legally protected for each sample year.
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9.2  Summary Statistics

Table 3: Summary Statistics Table

2004 2005 2006 2007 2008
Farming 0.373 0.373 0.374 0.378 0.379
(0.195) (0.193) (0.192) (0.192) (0.193)
Distance 168.5 168.5 168.5 168.5 168.5
(123.2) (123.2) (123.2) (123.2) (123.2)
After 0 0 0 0 0
Treatment (0-50 km) 0.180 0.180 0.180 0.180 0.180
Treatment (50-100 km) 0.130 0.130 0.130 0.130 0.130
Treatment (100-150 km) 0.169 0.169 0.169 0.169 0.169
Treatment (150-200 km) 0.175 0.175 0.175 0.175 0.175
Treatment (200-250 km) 0.118 0.118 0.118 0.118 0.118
Treatment (250-300 km)  0.0873 0.0873 0.0873 0.0873 0.0873
Control (=250km) 0.228 0.228 0.228 0.228 0.228
Control (=300km) 0.141 0.141 0.141 0.141 0.141
Price, Corn 1.419 1.214 1.462 1.851 2341
(2.700) (2.310) (2.782) (3.522) (4.455)
Price, Sugarcane 0.000333  0.000445  0.000649  0.000417  0.000491
(0.00188)  (0.00252)  (0.00367) (0.00236) (0.00278)
Price, Soybean 8.646 7.512 7.165 9.653 12,19
(24.89) (21.62) (20.63) (27.79) (35.10)
Price, Rice 3.051 3.563 3701 3.734 6.902
(4.074) (4.758) (4.942) (4.986) (9.216)
Price, Cattle 01.20 92.00 87.42 84.18 94.18
(77.55) (78.31) (T4.34) (71.58) (80.08)
Rain 331.2 278.6 327.3 278.9 323.0
(211.9) (192.0) (211.7) (189.3) (206.8)
Temperature 25.65 25.89 25.65 25.99 25.45
(1.345) (1.488) (1.275) (1.303) (1.368)
Cerrado Priority Muni 0 0 0 0 0.0310
Protected Area 0.110 0.110 0.112 0.112 0112
(0.239) (0.239) (0.239) (0.239) (0.239)
Observations 355 355 355 355 355

Note: The table reports annual averages and standard deviations
(in parenthesis) at the municipal level for the variables used in the
analysis. The sample includes all Legal Amazon Municipalities of the
Cerrado Biome. Sources and units: Farming (share of the municipal
area destined for Farming, MapBiomas); Distance (distance in
kilometers to the closest Pirority Muni (2008), IBGE and MMA);
After 1{year > 2008}; Treatment (break km) 1{Distance B break};
Control (>x km) 1{Distance > xkm}; Prices (year 2010 USD, World
Bank, PAM/IBGE and PPM/IBGE); Rain (annual average millimeters,
Matsuura e Willmott (2015)); Temperature (annual average celsius
degrees, Matsuura e Willmott (2015)); Cerrado Priority Muni (MMA),
Protected Area (share of the municipal area that is protected, INCRA
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and FUNAI). The table was divided into two parts 2004-2008 and
2009-2014. Standard deviations were omitted for dummy variables.

Table 4: Summary Statistics Table 2009-2014

2009 2010 2011 2012 2013 2014
Farming 0.381 0.383 0.387 0.393 0.396 0.396
(0.193) (0.195) (0.197) (0.196) (0.195) (0.195)
Distance 168.5 168.5 168.5 168.5 168.5 168.5
(123.2) (123.2) (123.2) (123.2) (123.2) (123.2)
After 1 1 1 1 1 1
Treatment (0-50 km) 0.180 0.180 0.180 0.180 0.180 0.180
Treatment (50-100 km) 0.130 0.130 0.130 0.130 0.130 0.130
Treatment (100-150 km) 0.169 0.169 0.169 0.169 0.169 0.169
Treatment (150-200 km) 0.175 0.175 0175 0.175 0.175 0.175
Treatment (200-250 km) 0.118 0.118 0.118 0.118 0.118 0.118
Treatment (250-300 km)  0.0873 0.0873 0.0873 (.0873 0.0873 0.0873
Control (>250km) 0.228 0.228 0.228 0.228 0.228 0.228
Control (>300km) 0.141 0.141 0.141 0.141 0.141 0.141
Price, Corn 1.852 2.006 2.836 2.923 2.551 1.927
(3.523) (3.818) (5.397) (5.561) (4.854) (3.666)
Price, Sugarcane 0.000743  0.000840  0.000925 0.000772 0.000637 0.000622
(0.00420)  (0.00475) (0.00523) (0.00437) (0.00360) (0.00352)
Price, Soybean 10.86 10.79 11.69 12.87 11.77 10.92
(31.27) (31.06) (33.64) (37.06) (33.88) (31.43)
Price, Rice 6.280 5.337 5.341 5.577 5.033 4.273
(8.386) (7.126) (7.132) (7.447) (6.721) (5.705)
Price, Cattle 84.35 103.4 1124 116.0 114.6 141.4
(71.73) (87.95) (95.58) (98.65) (97.43) (120.2)
Rain 353.0 203.5 352.6 283.3 320.1 327.6
(220.5) (202.8) (231.2) (201.1) (216.4) (220.7)
Temperature 25.41 26.28 25.50 25.08 25.60 25.53

(1.262) (1.515) (1.320) (1.478) (1.584) (1.325)
Cerrado Priority Muni 0.0338 0.0338 0.0423 0.113 0.113 0.113

Protected Area 0.114 0.114 0.114 0.114 0.114 0.114
(0.242) (0.242) (0.242) (0.242) (0.242) (0.242)
(Observations 355 355 355 325 355 355

Note: The table reports annual averages and standard deviations
(in parenthesis) at the municipal level for the variables used in the
analysis. The sample includes all Legal Amazon Municipalities of the
Cerrado Biome. Sources and units: Farming (share of the municipal
area destined for Farming, MapBiomas); Distance (distance in
kilometers to the closest Priority Muni (2008), IBGE and MMA);
After 1{year > 2008}; Treatment (break km) 1{Distance B break};
Control (>x km) 1{Distance > xkm}; Prices (year 2010 USD, World
Bank, PAM/IBGE and PPM/IBGE); Rain (annual average millimeters,
Matsuura e Willmott (2015)); Temperature (annual average celsius
degrees, Matsuura e Willmott (2015)); Cerrado Priority Muni (MMA),
Protected Area (share of the municipal area that is protected, INCRA
and FUNAI). The table was divided into two parts 2004-2008 and
2009-2014. Standard deviations were omitted for dummy variables.
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Intertemporal

Relationships between
Bid Price and Number

of Bids:

Evidence from
Singapore’s Vehicle
Quota System

Luther Yap
University of Cambridge

Abstract

In Singapore’s Vehicle Quota System (VQS), individuals
have to successfully bid for a Certificate of Entitlement
(COE) to own a vehicle. Based on the type of vehicle, a
different category of COE is required. This paper focuses on
the relationship between the bid price and number of bids
of Category A (cars with low engine capacity and power),
Category B (cars with high engine capacity and power)
and Category E (unrestricted) COE, which are imperfect
substitutes for a potential car buyer. An intertemporal micro-
founded model is used to show how prices and number of
excess bids are simultaneously determined and depended on
expectations that are formed from history. Structural Vector
Autoregressive (SVAR) models are then used to show how
prices and number of bids of various COE categories are
related intertemporally and contemporaneously.
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1 Introduction

In light of the scarcity of land in Singapore and its congested
roads, a Vehicle Quota System (VQS) was implemented in
May 1990 and has since been used to control the quantity of
vehicles on the roads. In the VQS, potential car owners must
bid for a Certificate of Entitlement (COE), and contingent
on their success, these individuals have the right to own the
vehicle for ten years. Since its implementation, the VQS has
undergone several changes, including transferability, cat-
egorization of COE types, frequency of COE auctions, and
the auction format used. Currently, COE auctions are held
semi-monthly using a second price open bid system.

Singapore’s VQS acts as a natural experiment in second price
auctions that has generated much academic interest locally.
Koh and Lee (1993) exploited the policy change in October
1991 from a transferable COE system to a non-transferable
COE system to investigate whether auctions with resale mar-
kets result in higher prices. Koh et al. (2007) investigated the
change in bidding behavior when the COE auction format
changed from a sealed-bid to an open-bid system in July 2001
and found that prices in open-bid formats were lower. Beyond
empirical outcomes of auctions, most literature on Singa-
pore’s VQS study microeconomic outcomes including social
diversity in vehicle ownership (Chu, 2012), market structure
of Singapore’s car distributorship industry (Koh, 2003), im-
pact on housing prices (Huang et al., 2018), and impact on
motorcycle population (Chu, 2018).

The existing COE literature, however, has yet to explicitly
address the relationship between the price of COE and the
number of bids in each session, as well as their intertempo-
ral relationships, which is the gap this paper aims to fill. The
relationship between bid price and the number of bidders
has been previously studied: Hungria-Gunnelin et al. (2013)
analysed real estate auctions in Stockholm, Sweden, and
found that extra bids increase the average price per square
meter. Additionally, Han'ak and Muchov’a (2015) found that
increasing competition (i.e. the number of competing firms)
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affects the award price of public works contracts. With such
empirical evidence, and as would be expected intuitively, it is
hypothesized that a larger number of bids at a COE session
will increase the price.

This paper deepens our understanding of the relationship
between bidders and price by considering two further aspects
of the problem: (i) bidders who fail to obtain a COE in one
period can try again in the next period, so intertemporal de-
cision-making should be considered, which makes the anal-
ysis more complex than one-off second price auction theory
problems (ii) the good that bidders are bidding for have close
substitutes in other categories, so trading off their relative
valuation should be considered. This paper aims to model
these intertemporal and substitution aspects and test them
empirically. The systematic study of the COE game supported
by its time series in recent years is this paper’s main contribu-
tion to literature.

Within the literature on dynamic auctions, first-price sealed
bids have been investigated (Jofre-Bonet and Pesendorfer,
2000), and there are some theoretical studies on the dynamic
Vickrey auctions with particular specifications (Mierendorff,
2013). This study extends this field of literature by utilizing
the natural experiment with the COE to verify theoretical
predictions of dynamic Vickrey auctions. Besides theoretical
interest, there is also some commercial value to studying COE
price movements because car dealers rely heavily on accurate
price expectations of COE to maximize profits.

To analyze intertemporal aspects of the price-bidder relation-
ship in COE, this paper will develop a simple micro-founded
theoretical model for how prices and the number of bidders
are determined, then estimate a Structural Vector Autoregres-
sive (SVAR) model to test and to verify the theoretical prop-
ositions that prices and bids are related contemporaneously
and intertemporally. This paper will test for the joint signifi-
cance of lags and appeal to Granger causality. Main findings
are summarized in Results 1and 2.
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The rest of the paper will proceed as follows. Section 2 dis-
cusses in detail the institutional background, including how
the VQS works presently, the dataset used, and existing time
trends. Section 3 develops the theoretical model for inter-
temporal choice and discrete choice to show how price and
the number of bidders may be related. Using the theoretical
result, Section 4 discusses an empirical strategy for estima-
tion using the COE data. Section 5 discusses the results for
the VAR estimates and its subsequent robustness checks, and
Section 6 concludes.
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2 Background

The current VQS uses an electronic second price open bid
auction format with five bid categories. In each category,
there is a predetermined quota of COEs available, say k. At
the end of a bid session, the top k bids will receive the COE,
and all k bidders will pay the price of the k + 1™ highest bid
plus $1 for the COE (i.e. the highest unsuccessful bid plus
a dollar) - this price is known as the Quota Premium (QP).
The auction is open in that at any time during the bidding
session, all bidders will observe the clearing QP in that mo-
ment. In other words, should there be no further action from
the instant of viewing the QP till the end of the session, that
particular price will be the session QP. I will call this instanta-
neous clearing QP the Intermediate Price (IP). Consequently,
the session QP should be at least as high as the IP displayed
during the bidding session, and all bidders who placed bids
above the session QP will obtain the COE. It is possible, but
costly, for bidders to change their bids during the session, and
individuals are not allowed to place more than one bid. If the
number of bids is less than the quota, then the QP will be $1.
The five COE bid categories are as follows:'

Category A: Car up to 1600cc & g7kW
Category B: Car above 1600cc or g7kW
Category C: Goods Vehicle and Bus
Category D Motorcycle

Category E: Open - all except motorcycle

These five categories have existed in the system since May
1999, although a refinement was made in September 2013
where the condition of 97kW (which did not previously exist)
was included in Category A such that the car models with ca-
pacity of less than 1600cc but above 97kW moved from Cate-
gory A to Category B.

This paper uses publicly available data from April 2002 to July

1 Detailed information on the VQS can be found on publications
by the Land Transport Authority (LTA), including this: https://www.lta.
gov.sg/content/dam/Itaweb/corp/ocoe.pdf
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2018. * The dataset only contains information on the number
of bids, the QP for each session, and the quota. While infor-
mation on the distribution of bids is unavailable, existing
information would suffice for the purpose of this study. The
current system of having two bidding sessions a month began
in April 2002 - bidding was done once a month prior to April
2002. Thus, the only possible discontinuity should occur in
September 2013 due to the refinement in Category A.

The time trends of four key variables can be observed in Fig-
ure 1 in the appendix. Panel A shows the time trend for the
QP of all five categories, which will henceforth be called the
price variable. Both Category C and D have prolonged periods
where the price is exceptionally low, and some seasons when
the number of bids is less than the quota. It is unsurprising
that the price of Category E is typically one of the highest
in each session. Should the price of E be lower than, say,
B, bidders can simply pay a lower price for E and still drive
their Category B cars, so E should be among the highest by
arbitrage. A and B may also be regarded as close substitutes,
as the price of a COE is expected to influence the type of
car that a potential car buyer would like to purchase, as will
be expounded on in Chapter 3. As expected in a speculative
market, the time series look nonstationary. Panel B reports
the trends in COE quota, henceforth denoted as the quantity
variable. This is determined by the Land Transport Authori-
ty’s (LTA) vehicle growth target for a time period, smoothed
out over several bidding sessions. Consequently, one would
expect some flat portions in the trend.

Since the more interesting analysis arises from Categories A,
B and E, only their time trends are reported in Panels C and D.
Panel C shows the number of bids in each session, henceforth
denoted as bids. Panel D shows the time trends of excess
bids, where excess = bids—quantity. This will be meaningful
because price is affected by bids only when bids > quantity (i.e.
excess) > 0. With quantity being exogenously determined, the
task of investigating the relationship between the number of
bids and price can be reduced to investigating the relation-
ship between excess and price.

2 Dataset can be found here: https://coe.sgcharts.com/
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3  Theoretical Model

This paper uses a micro-founded intertemporal model to ex-
plain the interaction between the price of a COE in each cat-
egory and the number of bidders. The model will proceed in
three parts: (1) a simple two-period intertemporal model, (2)
a discrete choice problem between COEs of two substitutable
categories, and (3) the interaction of the first two parts that
would allow the simultaneous determination of price and the
number of bidders. The last two subsections explain how the
model can be empirically tractable by using historical prices
and number of bids, and quantify the nature of substitution
between COE categories.

3.1 Intertemporal Model

For simplicity, we first consider an economic agent who wants
to obtain a COE for a specific category. An individual can
choose to bid for the COE in the current period or in the next
period. At the point of choosing whether to bid, they do not
yet know the price. Their expected utility (U) in each period is
dependent on his valuation (V) of the COE and the expected
price (E(P)). Formally, using subscript i to denote individual
i, utility in the current period ¢ is U;, = V; - E(P,) and utility in
the next period is U,,,, = V; - E(P,,,).

As is the practice of most intertemporal models in economics
since Samuelson (1937), a discount factor will be used. With
B as the discount factor, the rational agent will bid in the cur-
rent period if and only if U;, = SU,,,,. By substitution, we will
obtain V-E(P,) = B(V~E(P,,,)). Making V the subject of the
formula, the condition for bidding is:

1

V=
T — 8

[E(P) — BiE(Py)] (1)

Here we allow heterogeneity across individuals in terms of
valuation of COEs and discount factors. When the value of
the right-hand side increases, condition (1) is more likely to
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fail, so we can intuitively observe how various factors may
affect the decision to bid. Bidding in the current period (t) is
less likely when the individual is more patient (higher Bi), ex-
pects the current price to be higher, or when they expect the
future price to be lower. This model can easily be generalised,
but we shall keep the two-period model for now so that it can
be combined with the discrete choice model more easily.

This model can be extended to bulk bidding by car dealer-
ships. Empirically, bidding is mostly done by car dealerships
as they are able to spread the risk across many bids: a tactic
beyond the abilities of individual bidders. In the current
non-transferable COE system, the car dealership must obtain
an order from a customer before it can bid for a COE. There
will be a time discount factor because of the urgency in de-
livering the car to the customer to meet sales targets. Instead
of an intrinsic valuation of the COE, V would translate to the
revenue that the company can potentially obtain by selling
the package that includes both the car and the COE. In light
of differing car valuations, car dealerships actively choose the
number of bids to place in each period, so this model is anal-
ogously applicable. However, it should be noted that when a
firm has more than one bid, its strategy will be different from
that of individuals because bidding V; is no longer a weak-
ly dominant strategy when its other bids can influence the
price.

3.2 Discrete Choice Model

If an individual wishes to purchase a car and bid for a COE in
a given time period, they still have to choose the type of car
they wish to buy. The individual then indirectly chooses the
type of COE that they will bid for - Category A or B. Using a
similar setup, where utility is given by the difference between
the valuation and the price paid for the COE, the expected
utility of A and B will be as follows:

UA,i = VA,i - E(PA)

UB,i = VB,i - E(PB)
Using the condition that the individual chooses to bid for A
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if and only if U,; = Uy;, the condition for bidding for A will be
given in Equation 2 below.
Vyi— E(Py) 2 Vg, - E(Pg) (2)

3.3  Price and Number Determination

Combining the two models above, we know that an individual
will bid for a category A COE in period t if and only if criteria
(1) and (2) are both fulfilled. Thus, when there are N poten-
tial bids in the economy, the number of bids will be given by
Equation 3. Note that 1(.) is an indicator function that takes
the value 1 if the condition is fulfilled, and zero otherwise.

v
e 1

bids, =y [1(Vy = T3
=1 o

*x1(Va; — E(Pas) 2 Vg — E(Pgy))]

[E(Pay) = 5E(Pygi)]) (3)

I will assume that price expectation is a function of the ses-
sion’s prices. During the session, all bidders observe the in-
termediate clearing QP (i.e. IP), so E(P,) will be revised based
on the instantaneous IP. Thus, expectations will be a function
of IP, which eventually converges to QP.

Assumption 1. Price expectation is a function of the interme-
diate price, among others. i.e. E(P,) = f(IP,--).

From Equation 3, we have a theoretical result for the number
of bids for a particular category in a particular bidding ses-
sion. This is a function of price expectations (intertemporally
and between different categories), relative valuation, and the
discount factor. From Assumption 1, these price expectations
are also a function of IP, so bids are a function of IP. Thus, the
remaining task is to determine the price.

Bid prices will be drawn from the following interval: bidpri-
ce; @ [IR V], where the IP is the latest seen price during the
bidding session. Bidding less than the IP is irrational for any
individual or company as it is essentially an ineffective bid,
as the price will definitely be at least as high as the IP. Bid-
ding more than V'is also irrational as it may result in negative
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utility. Since the next bidder entering the auction must bid
at least the IP, the clearing price must be weakly increasing
with the number of bidders during any given bidding session.
Since the price can exceed $1 if and only if the number of bids
exceeds the quota, it is more meaningful to look at excess =
bids—quantity.

Since P, is the outcome of individual price decisions, it must
be a function of price expectations. These expectations are
formed by all existing information. I denote this information
set as Q. Allowing heterogeneity in valuation, this is encapsu-
lated in the following equation.

P, =f({E(PA,t|‘Q)}inJ {VA,i}im excessA,t) (4)

Using Equation 3 and Equation 4, we should expect simulta-
neity between price and excess of any COE category. Excess is
affected by the current period price in the open bid system:
during the session, bidders already have some (although im-
perfect) information about P, due to the last seen price that
would shape E(P,), which would influence the number of
bidders. We have also established that excess, affects price,
directly from the way that prices are drawn from the distribu-
tion.

Proposition 1. The contemporaneous price and excess num-
ber of bids for a given COE category are simultaneously deter-
mined.

Proof. From Equation 4, price is a function of excess. From
Assumption 1, bids is a function of IP. By definition, IP, weak-
ly increases and converges to P, during the bid session i.e. IP,
P,. Thus, bids are a function of P,. By construction, excess =
bids—quantity, so excess is a function of P..

3.4 Relevance of Price and Excess
Histories

The model thus far has shown how price and excess are si-
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multaneously determined and how both of them depend on
price expectations, which are conditioned on the information
set Q. This subsection shows how € is composed of the his-
tory of price and excess.

Price expectations are conditioned on the prices in the previ-
ous periods: the price history of both some A and its substi-
tute B will be relevant. The expectation of P, should minimal-
ly depend on its previous lag. Theoretically, one should expect
A and B to have similar trends (which is verified by the time
series in Figure 1): if the prices of A and B diverge indefinitely,
car owners would choose the category that is relatively cheap-
er, and thus push its price up again. In other words, prices of
A and B are expected to move together, commensurate with
their relative valuation. As such, E(P,) is partially determined
by E(Pg), which is also dependent on its own lag. Therefore,
both price histories are relevant.

Price expectations also depend on previous period excess. If
there is a large excess of bidders for A in the previous period,
then there must be a large number of unsuccessful bidders
who intended to obtain A. Since they wish to obtain A, we
would expect them to bid again in the next period. This
would increase the current period excess (by increasing N in
Equation 3), and from Equation 4, would increase price in
expectation. The same process would similarly occur for sub-
stitute B, so the expectation of price; would be determined by
the history of excess;. However, we already know that E(P;)
partially determines E(P,), so excessB has some role in deter-
mining E(P,). The proof relies on the role of Q.

Proposition 2. For a given COE category, price and excess are
in part determined by their own histories of price and excess.

Proof. From Equation 4, price is a function of E(P|Q) and
from Equation 3, bids are a function of E(P|2). Information
set ) consists of its own history of price and excess.

Proposition 3. Prices and excess of various COE categories
are influenced by the prices and excess of their substitutes.
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Proof. From Equation 4, price is a function of E(P|Q) and
from Equation 3, bids are a function of E(P|Q2). Information
set Q) consists of the history of price and excess of its substi-
tutes. Contemporaneously, since bids,, is a function of E(Py,),
E(Py,) is a function of IP;,, and IP;, B P;,, bids,, (and conse-
quently excess,) is a function of Py,.

Intuitively, when observing a higher IP, (or a rapidly increas-
ing excess,), one might expect price, to be higher, so they
would choose to bid in substitute B instead. This would then
affect priceB and excessB. A symmetric argument may be
made the other way round. Thus, we expect contemporane-
ous simultaneity.

For ease of notation and explanation, the arguments in this
section have denoted A as one COE category and B as its sub-
stitute, which plausibly corresponds to how Category A and
Category B COEs are substitutes for each other. However, the
model is more far-reaching in that it refers to any COE cat-
egory and its substitute: the arguments can be analogously
applied to the relationship between A and E COEs, between B
and E COEs, and between A, B and E COEs.

3.5 Nature of Substitution

Thus far, the theoretical discussion has assumed that substi-
tution between COE categories is symmetric, but this is not
necessarily true. Consider first the substitution between A
and E. Anyone who wishes to bid for A would also bid for E
if the expected price of E were lower, but one who is bidding
for E need not be able to bid for A (for instance, if he wishes
to own a Category B car). The relationship between B and E is
similarly asymmetric.

COE in categories A and B could either be imperfect substi-
tutes or not substitutes at all. For a potential car buyer, A and
B are imperfect substitutes: one could choose a Category B
car and bid for B, or a Category A car and bid for A, with both
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types of cars serving a similar function.

However, for a potential owner who is certain that they want
to own a Category A car, A and B are not substitutable. A less
obvious relationship between A and B concerns the nature of
the car: Category B cars have engines of higher capacity, have
more power, and tend to be more expensive. Thus, a consum-
er who is bidding for B is likely to have the ability to bid for A
as well, but one bidding for A need not be able to bid for B.

It is beyond the scope of this paper to model the nature of
such substitutions formally, but this intuition is useful when
examining the gathered empirical results. Existing proposi-
tions are sufficient to formulate an empirical strategy, which
is what the rest of this paper aims to do and analyse.
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4  Empirical Strategy

In light of how price and excess are simultaneously deter-
mined and are dependent on histories, the most appropriate
econometric model would be a Vector Autoregressive (VAR)
model. Additionally, the model will be parsimonious, and
will deal largely with price and excess time series, because
overfitting the model may describe the history well, but is
unreliable for forecasting. (Adhikari and Agrawal, 2013) This
section discusses the preliminary tests conducted on the time
series and justifies how the propositions can be tested with a
SVAR(3) model.

A preliminary diagnostic assessment of time series would be
to test its stationarity. To validate the robustness of the result,
both the Augmented Dickey-Fuller (ADF) test and the Phil-
lips—Perron (PP) test are used. The PP test is non-parametric
and is robust to autocorrelation and heteroscedasticity. (Phil-
lips and Perron, 1988) The ADF is sensitive to the number of
lags used in the test: if there are too few lags, one ought to
be worried about serial correlation possibly biasing the test
results. If there are too many lags, one would lose power in
rejecting the null of nonstationarity. The default number of
Newey-West lags to use for the PP test is given by the integer
part of 4(T/100)”°, where T is the number of time periods,
which translates to 5 lags in our time series. Similarly, 5 lags
are used for the ADF test. The results of ADF and PP tests are
reported in Table 1: ADF and PP are consistent in showing
that all the price time series are non-stationary while all the
excess time series are stationary. The ADF test is done with-
out a time trend because no linear time trend is apparent
when looking at the time series charts.

A further consideration of the specification would be whether
to use levels or logs for prices. Taking the natural logarithm
would help to linearize an exponential time trend, which is
typical of many time series. However, by inspection, the time
trend for prices warrants no such adjustment. Furthermore,
there is a large drop in 2009 amplified by the logarithmic
formulation. Inclusion of this observation would bias the es-
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timates but the trimming of outliers would also compromise
the model’s forecasting ability. Since the problem of outliers
can be circumvented by the levels formulation, the levels
specification for prices is primarily used. To check the robust-
ness of the result, the model is also estimated in log, and the
results are largely similar.

Regressing stationary variables with nonstationary variables
would lead to spurious results. To remedy this issue, the first
differences are taken for all price series, denoted dprice. The
first differences are unsurprisingly stationary using the ADF
and PP tests above. As such, the final formulation of the
model would involve some interaction of dprice and excess of
some category A and its close substitute: possibly B or E.

Proposition 1 is ideally estimated using a simultaneous equa-
tion model. No adequate instrument may be found for dprice,
but quantity is a good instrument for excess. The exclusion
condition is satisfied because variation in quantity is deter-
mined exogenously by the Land Transport Authority (LTA),
and it is impossible to affect dprice except through excess.
Quantity is expected to be relevant to excess: as excess is a
function of quantity. Since excess = bids — quantity, a positive
coefficient on quantity in the system below would suggest
that the number of bids responds more than one-for-one to
any change in quantity. The equation system is as follows.
dprice, = .excess, + a,excess, = y,dprice, + y,quantity, + b,

The order condition is not satisfied in this system, but the
dprice equation is still identifiable. Using 2SLS, excess”, can
be obtained from regressing excess, on quantity. Then, regress
dprice, on excess”, to obtain f3, 5. Using the data for Category
B, the first-stage F statistic is 76.35 > 10, so the relevance con-
dition is satisfied. In the second stage, the test statistic on the
B, coefficient is -1.17, so we do not reject the null of o. >

Notably, the specification is incomplete because of other vari-
ables indicated in Proposition 2 and 3. However, this provides

3 Similar results are observed for Category A and E COE. Results
are available upon request.
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an initial diagnostic to suggest that excess may not contem-
poraneously affect dprice as we supposed it would in Proposi-
tion 1.

To test Propositions 2 and 3, a structural vector autoregres-
sion (SVAR) is estimated as it can incorporate both contem-
poraneous relationships between endogenous variables and
intertemporal relationships. We are interested in estimating
the structural equation in Equation 5, but only Equation 6 in
its reduced form can be estimated. A and B are matrices of
coefficients. With n endogenous variables, we consequently
need n” restrictions. (Kilian, 2o11) Using the approach from
Sims (1980), I restrict the error matrix to be diagonal and use
an upper triangular matrix for A. This is possible only with
Assumptions 2 and 3.

Ay,—a+Y By, +u (5)
i

yo=Aa+d A By, +A'u (6)
Assumption 2. The dprice of a given COE category is unaf-
fected by its contemporaneous excess.

This assumption follows from the initial diagnostic. While
Proposition 1 is rejected, it is still consistent to hold Proposi-
tions 2 and 3. Proposition 2 is unaffected because it relies on
the information set, which is irrelevant to contemporaneous
relationship. The proof of Proposition 3 similarly relies on the
information set. As for contemporaneous relationships, price
affecting excess is sufficient to prove that there are contempo-
raneous cross-relationships.

Assumption 3. Variables of E do not contemporaneously
affect A and B and variables of A do not contemporaneously
affect B.

This assumption relies on an intuitive argument for the na-
ture of substitution. Between substitutable categories, an
argument may be made for how restrictive these categories
are. Suppose for simplicity that bidders attempt to bid for the
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more restrictive category first, and if the expected price of
the restrictive category is too high, they switch to the less re-
strictive category. This is a more reasonable assumption than
bidders going for the less restrictive category first if they are
risk averse. Category E is the least restrictive, so a reasonable
constraint would be for bidders not to switch from E to A and
B, but to be able to switch from A and B to E. Thus, when pri-
ce, and price; are too high, excess; may be contemporaneous-
ly affected, but the opposite is untrue. Arguably, Category B
is more restrictive than A because B cars are more expensive,
so one who is able to afford a B car is likely able to afford an A
car. When the price of B is too high, the bidder might be will-
ing to switch to A, but the other direction is less likely. Thus,
the variables of A do not contemporaneously affect B.

To test Proposition 2, the vector of endogenous variables * is
Assumption 2 is sufficient to make matrix A upper triangular
for estimation.

 (excess, 7
Ye= dprice, (7

To test Proposition 3, both Assumptions 2 and 3 are required.
All COE category pairs are estimated, but only the SVAR be-
tween B and E are reported as they are most substitutable.
The vector of endogenous variables is

ercessE
dprice
excessB
dprice B

Finally, the SVAR with all three categories can be estimated
with vector

ercessE
dpriceE
excessA
dprice A
ercessB
dprice B

4 The vectors of endogenous variables in Equations 7, 8 and 9 are
distinct specifications of the SVAR model in Equation 5.
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The propositions can be tested by appealing to Granger cau-
sality. Some variable X is said to Granger cause Y when lags
of X are jointly significant in explaining Y: this can be tested
using the Wald statistic. By running a VAR, one can exclude
all lags of some variable X in a restricted model and test its
difference from the unrestricted model with those lags in-
cluded. If the difference is significant, then this variable X
Granger causes Y, which helps us rigorously establish a re-
lationship between Y and the lags of X. The remaining task,
then, is to determine if X is positively or negatively associated
with Y: this can be established by looking at the estimated co-
efficients in A and lags.

To determine the number of lags used in the VAR, various
information criteria were calculated, including the Final Pre-
diction Error (FPE), the Akaike Information Criterion (AIC),
the Schwarz Bayesian Information Criterion (SBIC), and the
Hannan and Quinn Information Criterion (HQIC). These sta-
tistics help us choose the optimal number of lags to be used;
the optimal lag is the one that minimizes a given information
criterion. For instance, the AIC is negatively related to the
likelihood in the given model, so it is sensible to minimise
the AIC. Equation 7 is optimally estimated with 2 lags, and
Equations 8 and 9 are optimally estimated with 3 lags. Con-
sequently, SVAR(2) and SVAR(3) are estimated for the respec-
tive specifications.
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5  Results

This section will first present and interpret the findings from
the SVAR models, then consider the sensitivity of results to
differing specifications. In checking for robustness of the re-
sult, this paper first considers the logarithmic formulation,
then partitions the data to before and after the policy change
in September 2013.

5.1 SVAR of History and Category Pairs

The SVAR result for the model in Equation 7 estimated for
category B is presented in Table 3. The estimates suggest that
the effect of the lags of excess; on dprice; is ambiguous, but
excessy is determined by dprice; - both contemporaneously
and intertemporally. excess; is positively correlated with its
own lags, which is intuitive because more excess in previous
periods tends to result in more recurrent unsuccessful bid-
ding. Interestingly, lags of dprice; negatively affects excessy,
but dprice; positively affects excess; contemporaneously. A
historical increase in price; could lead deter potential bidders
from entering the market, which decreases the number of
bids, and hence excess;. Contemporaneously, an increase in
dpriceg; increases excessg, which is rather counterintuitive by
the theoretical account, but can be explained by risk aversion
and higher anticipated future prices as the following period’s
price would adjust less than one-for-one to current period
changes in price. Thus, when dprice; is increasing, more bid-
ders bid for B for fear of higher future prices, so excess; in-
creases.

Table 4 reports the estimates for the model in Equation 8.
Column 1 (excess;) shows how excess; is positively deter-
mined by its own lags. In column 2, dprice; is negatively asso-
ciated with its substitute’s lag and positively associated with
its own lag, which is rather surprising. A plausible explana-
tion might be that a large group of bids for E originates from
Category B bidders. When dprice; is observed to increase in
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previous periods, individuals would expect the acceleration
in B to fall in the next period and hence place their bids on
B instead of E. This dampens dprice;, thereby resulting in a
negative relationship. As for the lags of dprice; being posi-
tively associated with dprice;, the phenomenon is plausibly
attributed to speculation, but it will be shown in the full VAR
that this relationship is not very strong.

In column 3, excess; is negatively associated with lags of
dpricey and positively associated with lags of dprice;. With
an acceleration in price, excess; would be smaller as bidders
substitute to alternatives. excess; is positively related to its
own lag, supporting an explanation similar to its counterpart
in Table 3. In column 4, dprice; is negatively associated with
its own lag and positively associated with the lag of its substi-
tute. The negative coefficient on lag of dprice; is unsurprising
as it suggests that the price increase in any period should
result in a smaller price increase in the following period. Oth-
erwise, there would be a continuous increase and acceleration
in price. The positive coefficient on lag of dprice; is unsurpris-
ing as they are substitutes.

Looking at the matrix of contemporaneous relationships A,
one unit increase in excess; increases excess; by 0.247. This
implies substitution, as an increase in excess; is partially
absorbed by its substitute through the corresponding in-
crease in excess,. Furthermore, dprice; is positively affected
by dprice; as we expect the prices of various COE categories
to move contemporaneously as they respond similarly to
economic shocks. The positive effect of dprice; on excessy is
followed from the speculation account.

5.2 SVAR of Categories A, Band E

This subsection will discuss the results of the full SVAR,
i.e. vector of endogenous variables in Equation 9 applied to
Equation 5. Estimates are in Tables 5 and 6, and the main
intertemporal observations are summarized in Result 1, and
contemporaneous observations are summarized in Result 2.

VOLUME VII

The joint significance of the variable’s lags can be tested for
Granger causality by the Wald test; the results are in Table 2.

Table 2 presents the Wald statistics for the joint test of lags
for each variable. The dependent variable is indicated in the
column name, and the explanatory variables are listed on the
left for each model. In the analysis below, I first focus on lags
with significant Wald statistics, then look at the correspond-
ing result to determine the sign of the coefficient. Addition-
ally, the regression output allows us to observe the sign and
significance of a variable’s own lags.

Consider Table 5: in column 1 (excess;), we observe a positive
association with lags of excess; and negative association with
lags of dprice,. This might be attributed to how higher dpri-
ceA results in bidders exiting the market altogether, thereby
reducing excess;. In column 2 (dprice;), Wald statistic sug-
gests that the positive association with dprice, and the nega-
tive association with dprice, are significant. The account for
dprice, is more intuitive: as dprice, is higher in previous peri-
ods, bidders switch to bidding for E and submit higher prices.
The account for dprice; is identical to that given in Table 4.
The results in column 3 (excess,) are similar to our initial
estimates in Table 3: excess, is positively correlated with its
own lags and negatively correlated with dprice,. In column 4
(dprice,) we still observe a negative coefficient on dprice,, and
a positive coefficient on dprice;, suggesting substitution from
E to A intertemporally. In column 5 (excess;), we observe the
expected positive association with its own lag excess;. There
is a significant positive association with lags of dprice; and
negative association with lags of dprice;, which is intuitive,
as people substitute into B when price; is lower and price; is
higher. In column 6 (dpricey), there is also an intuitive result:
there are positive coefficients on lags of dprice, and dprice;
and negative coefficients on lags of dpriceB.

Result 1. Considering SVAR (3) of Category A, B and E COE,
with brackets indicating a positive or negative relationship,
dprice and excess share the following relationships:

* excess; is associated with lags of dprice, (-), excessg (+)
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* dpricey is associated with lags of dprice, (+), dprice (-)

* excess, is associated with lags of dprice, (-), excess, (+)

« dprice, is associated with lags of dprice, (-), dpriceg (+)

* excessy is associated with lags of dpricey, (-), dprice; (+),
excessg (+)

« dpricey is associated with lags of dprice, (+), dprice; (-),
dpriceg (+)

The LM test for serial correlation is conducted and it is found
that there is no serial correlation on the first lag (test statistic
of 42.0695 for x*(36)), but there is some serial correlation in
the second lag. The VAR also satisfies the stability condition
as eigenvalues lie inside the unit circle.

The SVAR allows estimation of contemporaneous relation-
ships captured in Table 6. The first row shows that excess; is
positively affected by excess, and excess;; the effect from B is
stronger. As explained before, a shock that increases excess,
or excess; can be absorbed by increasing excess; contempo-
raneously as bidders substitute into E. The second row shows
that dprice; is positively affected by dprice, and dprice,, which
is unsurprising, as prices move together by arbitrage. Thus,
even as bidders substitute from B to E due to a higher price;,
with the same willingness to pay for the COE, dprice; would
also increase accordingly. The third row shows how excess,
is positively affected by dprice, and excess;. The former can
be explained by risk aversion. The latter suggests that exces-
sA may be more sensitive than excess; to shocks. The fourth
column shows that dprice, is positively affected by both ex-
cessgand dprice, as both can result in immediate substitution
into bidding up price,. Finally, excess; is positively associated
with dprice;, and the standard speculation account may be
used.

Result 2. Under Assumptions 2 and 3, SVAR (3) of Category
A, B and E COE, with brackets indicating a positive or negative
relationship, has the following contemporaneous relation-
ships:

* excess;, is associated with excess, (+), excess (+)

* dpricey is associated with dprice, (+), dpricey (+)
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* excess, is associated with dprice, (+), excessy (+)
* dprice, is associated with excess (+), dpriceg (+)
* excess; is associated with dpricey (+)

Inspection of Result 2 evidence suggests that the variables
move together contemporaneously, since the significant
results are positively associated with each other. Errors are
likely correlated across equations. Thus, if instruments were
available, estimation by 3SLS is warranted.

5.3 Robustness Checks

For estimation with logarithms to be viable, one has to deal
with the outliers. In this model, the top and bottom 1% of
Alnprice observations in A, B and E are trimmed. The result-
ing Wald statistics are reported in Table 7, but the full VAR
estimates are available upon request. Only the Wald statistic
is reported as we are most interested in whether the results
are still significant. Evidently, Result 1 is largely robust. Col-
umns 1 to 5 show that the significant variables are exactly
the same as that expected in Result 1. In column 6, we would
expect dlnprice, to be significant in the Granger-causing vari-
able excess;. The Wald statistic for dInprice, is high, which
supports Result 1, though it is insignificant at 1% level (p-value
is o0.om).

As mentioned in Section 2, there was a policy change in the
demarcation of Category A and Category B cars. Consequent-
ly, there might be some structural break in September 2013.
To observe if changing the category demarcation affects our
results, a VAR is estimated for the period before September
2013, and another VAR is estimated for the period from Sep-
tember 2013 onwards. While it is arguable that the most accu-
rate result is obtained by partitioning the series into the two
time periods because the demarcations of categories are dif-
ferent, there is still merit in using the entire series from April
2002. Firstly, considering the number of parameters that we
need to estimate in the VAR model, using a longer time series
would ensure that we do not lose too many degrees of free-
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dom. Secondly, if a model for forecasting is required, using a
longer time series would benefit the reliability of the forecast.
As such, partitioning into the two time periods is used more
as a check for the robustness of our previous results.

The results for partitioning are reported in Table 8. Evidently,
the Wald statistics are lower in Period 2 than Period 1, and
there are less relationships that are significant at 1% level.
This might be attributed to how Period 1 has a longer time
series than Period 2, which results in the loss of power in Pe-
riod 2 estimates. Everything that is significant in Period 2 is
also significant in Period 1; thus, rather than the time series in
both periods behave differently, it is more likely that there is
simply low power in Period 2.

Table g reports the VAR results for partitioning. In column
1, while the Wald statistic is no longer significant for dpricey,
it is evident that the first lag of dprice; is still significant,
which is consistent with Result 1. In column 2, significance
is observed for lags of dpriceA, dprices, and dprice; in both
periods, as expected. In column 3 we observe significance in
Period 1 but not in Period 2: this weakens the reliability of our
conclusions about the determinants of dprice; across both
periods. In column 4 we still observe that lags of dprice, and
excess, are significant in both periods, which is consistent
with prior results. In column 5, while the Wald statistic is no
longer significant for dpricey, its first lag is still significant in
Table 9, so the conclusion that excess; is related to lags of
dpricey, dprice; and excessy is still robust. In column 6, the
Wald statistic for dprice, is significant in the first period, and
is high but insignificant in the second period. However, when
looking at Table o, it is evident that lags of dprice, is still
significant in both period. After looking at the partitioned
results, it appears that the Result 1 findings are still evident in
both periods, except for the determinants of dprice,.
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6 Conclusion

This paper develops an intertemporal micro-founded model
to show how prices and number of excess bids of any COE
category are simultaneously determined and depended on
expectations that are formed by history. For a theoretical
model of intertemporal and discrete choice of generally sub-
stitutable auctioned goods to be realistic in the COE analysis,
the nature of the COE types must be scrutinized more care-
fully, and it is expected that Category A, B, and E COE’s are
not perfectly and symmetrically substitutable. By estimating
an SVAR model, contemporaneous and intertemporal rela-
tionships between dprice and excess of various categories are
found. The main results are summarized in Result 1and 2 and
are found to be robust to differing formulations.

The main contribution of this paper would be the devel-
opment of a model for the COE game in Singapore and an
empirical verification of auction theory. The theoretical
propositions suggest that price and excess are simultane-
ously determined and are intertemporally affected by their
substitutes. While there is insufficient evidence to support
Proposition 1, empirical evidence supports Propositions 2 and
3 as variables in a COE category’s history and its substitutes
are significantly relevant. By looking at the relationship be-
tween COE categories and their consequent behavior, future
policies in Singapore can also be formulated more effectively.
Potential studies in the future could include a formal analysis
of the auction system, refined by the nature of the good, and
perhaps how such empirical evidence sheds light on Singa-
poreans’ preferences for privately owned vehicles.

A further extension is to observe whether there might be long
run convergence of these variables. While error correction
models are typically estimated for nonstationary processes,
Keele and De Boef (2004) points out that Vector Error Correc-
tion Models (VEC) can also be used for stationary variables,
as it can be shown that any VAR can be written in VEC form,
where for some p lags in VAR, there will be p-1 lags in VEC.
VEC might be warranted on the grounds that, if a long-run
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relationship exists, we can separate the short-term and long-
term effects in the model. Furthermore, considering how the
change in price is negatively associated with its own lags, it
seems like the time series might be converging to some long-
run relationship. With the existing theory, we might expect,
for instance, cointegration between priceB and priceE. How-
ever, such discussion is beyond the scope of this paper, as this
paper does not aim to place restrictions on which variables
are plausibly involved in a cointegrating relationship, so that
we can allow all variables to interact freely in the model.
Hence, it remains a possibility for future research.
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8 Appendix

Figure 1: Time trends
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Table 1: Stationary Tests with 5 Lags

(1) (2) (3)
VARIABLES ~ ADF  PP. Z(tho) PP. Z(t)
priceA -1.011 -2.916 -1.176
priceB -1.058 -3.341 -1.276
priceE -1.183 -3.511 -1.306
excessA -5.223%FF _156.527FFF 0. gRg***
excessB -3.958%%%  _103.604%FF  -7.799%**
excessE -3.568%FF  LTA.014%FF  LG.BH3FHF

#+* denotes that p-value is less than 0.01. t statistics are
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displayed.
Table 2: Granger Causality
(1) (2) (3) (4) (5) (6)

dpriceA  dpriceB dpriceE  excessA excessB excessE

Model dpriceA - 63.348%  43.05%  58.575* 10.175 18.494*
dpriceB  2.7977 - 16.901*  1.4109 37.384% 2.2717
dpriceE  23.005% 64.364* - 7.5058 26.408% 0.45015
excessA  (.53784 81327  5.7598 - 0.79495 10.784
excessB 6.2003  10.442  10.143  4.5443 - 8.7297

excessE  3.5485  T.8209  10.999  0.59177 2.1568 -

*1% significance level for Granger cansality Wald test

Table 3: SVAR for B's price and excess

(1) (2)
VARIABLES excessB dpriceB

L.excessB 0.690%** 2.965%*
(0.0520)  (1.229)
L2.excessB 0.100* -2.86THF
(0.0530) (1.230)
L.dpriceB -0.0100%%*%  _0.0872

(0.00229)  (0.0532)
L2.dpriceB -0.00711%%%  _0.0171
(0.00231)  (0.0536)
Constant T2.20%%* -58.36
(15.44)  (358.5)

Observations 388 388
Standard errors in parentheses
#HE p<0.01, ** p<0.05, * p<0.1

(1) (2)
VARIABLES excessB  dpriceB

excessB 1 -0.0143%**
©)  (0.00206)
dpriceB 0 1
(0) (0)

Note: The first table shows the underlying VAR estimates. The second
table shows the estimates of matrix A, where Ay, is on the LHS of
structural form VAR in Equation 5.
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Table 4: SVAR between B and E
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Table 5: VAR for ABE

m @ ® @
VARIABLES  excessE dpriceE excessB dpriceB
L.excessE 0.469%*F  3711%%*F  -0.00188 3.301%*
(0.0530) (1.356) (0.0719) {1.581)
L2 excessE 0,20] *** -2.349 0.0654 -1.823
(0.0575) (1.471) {0.0780) {1.715)
L3.excessE 0.109%* -1).854 -0.0985 -1.168
(0.0527) (1.350}) (0.0716) (1.574)
L.dpriceEl -0.00454  0.A4T8*F* 002T78FFF 05T
(0.00450)  (0.115) (0.00610) {0.134)
L2.dpriceE -0.00347 -0.183 0.00834 0.248*
(0.00474)  (0.121) (0.00643) (0.141)
L3.dpricels -0.000579  -0.191* 0.00501 -0.128
(0.00418)  (0.107) (0.00567) {0.125)
L.excessB 0.0458 1.941%  0.684%F  2579%%
(0.0404) (1.035) {0.0549) (1.207)
L2.excessB -0.0674  -3.308%FF  (.00357 -3.350%*
{0.0482) (1.234) {0.0654) {1.438)
L3.excessB -0.00293 1.568 0.140%% 1.174
(0.0403) (1.032) (0.0547) {1.203)
L.dpriceB -0.00116  -0.210%%  -0.0322%*FF  _(.891%**
(0.00391)  (0.100) (0.00531) (0.117}
L2.dpriceB 0.00301 0.143 S0.0173%FF (. 345% %
(0.00435)  (0.111) (0.00591) {0.130)
L3.dpriceB 0.00135 0.0874 -0.0114%*  -0.0517
(0.00380)  (0.0973)  (0.00516) {0.113)
Constant 54.69%*  -266.5 T2.TTHE* -300.4
(15.14) (387.6) (20.55) {451.7)
Observations 38T 387 387 387
Standard errors in parentheses
FEE p<0.01, ¥F p<0.05, * p<0.1
(1) (2) (3) 4)
VARIABLES excessE  dpriceE excessB dpriceB
excessk 1 0000268 -0.247%FF  0.00246
(0} (0.00434)  (0.0368)  (0.00377)
dpriceE 0 1 0.443 0. 7TgEEE
(0) (0) (0.431) (0.0196)
excessB 0 0 1 -0.0123%**
(0} (0) (0} (0.00223)
dpriceB 0 0 0 1
(0) (0) 0) (0)

(1) (2) (3) (4) (5) (6)
VARIABLES  excessE dpriceEl excessA  dpriceA excessB dpriceB
L.excessE (144 5HH* 4277 0.0645 1.750 0.0349 41 T2RRE
(0.0537)  (1.332)  (0.159)  (1.352)  (0.0739)  (1.516)
L2.excessE [0.270%+* -3.001%* 0.0150 S2.611% 0.0274 -2.479
{0.0570) (1.414) {0.169) {1.436) {0.0785) {1.610)
L3.excessE [.122%+ -(.389 -0.00817 (L.73T -0L0976 -0L716
(0.0526)  (1.305)  (0.156)  (1.325)  (0.0724)  (1.485)
L.dpriceE -0.00215 (L3BE*F* 00300%%  DAGL*™*  DLO3L1**F* 0.024%%*
(0.00444)  (0.110)  (0.0131)  (0.112)  (0.00610)  (0.125)
L2.dpriceE -(L00261 0.246%* 000761 (114 0.00765 0.170
{0.00464) (0.115) {0.0137) {0.117) {0.00638) {0.131)
Li.dpricel -0.000401  -0.180% -0.0101 -0.0376 0.00448 -0.119
{0.00409) (0.102) {0.0121) {0.103) {0.00563) {0.116)
L.excess A (L0375* SLL33OEE (LGARHRE -0.103 L00192 -1 803%+*
(0.0227)  (0.563)  (0.0672)  (0.572)  (0.0312)  (0.641)
L2 excess A 0.0395 0.978 H1.0763 0471 0.0255 0,939
(0.0270)  (0.669)  (0.0799)  (0.679)  (0.0371)  (0.762)
L3.excessA -0.0309 -0.349 0.00270 -00.241 -0.0203 -0.232
(0.0227) {0.563) {0.0672) {0.571) (0.0312) {0.640)
L.dpriceA SOLOLOL*¥*E Q3TORE* (O585%FF  L(.230%FF 000861 (.520%%*
(0.00250)  (0.0643)  (0.00768) (0.0653)  (0.00357)  (0.0732)
L2.dpriceA -0L00843%%%F  0.320%%%  .01095%* -0.0898 0.00582 (1. 420%*%*
(0.00312)  (00775)  (000025) (0.0786)  (0.00430)  (0.0882)
L3 dpriceA -0.00223 0.186%F%  _0.00482 -0.0610 000264 0.255%+#
{0.00286) (0.0708)  (0.00846)  (0L0T19)  (0.00393)  (0.0807)
L.excessB 0.0193 SR R .221 -0.408 (LT28%66 3 O)THe*
(0.0464)  (1152)  (0138)  (1.169)  (0.0639)  (1.311)
L2.excessB -0.120%% -3 GROFHH -0.0624 -2.570% -0.0861 -3.265%%
(0.0563)  (1.397)  (0.167)  (L418)  (0.0775)  (1.590)
L3.excessB 0.0279 1.027% 0.0506 2.386%% 0.182%%* 1.323
(0.0465)  (1.154)  (0.138)  (1.172)  (0.0640)  (1.314)
L.dpriceB LO0275 RIRE S R 10124 S007  -00331TFEE ST
(0.00394)  (0.0978)  (0.0117)  (0.0993)  (0.00543)  (0.111)
L2.dpriceB 000676 AL00389  -0.00251 L0531 -0.0183%**  E5O***
(0.00451)  (0.112)  (0.0131)  (0.114)  (0.00621)  (0.127)
Li.dpricel3 000252 A0.00247 (L0383 -0.0256  -0.0131%* -0.1659
{0.00381) {0.0946) {0.0113) (0.0060)  (0.00525) {0.108)
Constant . G5 -374.8 (R 162.8 GO T ~441.6
{14.78) (366.7)  (43.77)  (372.3)  (20.34)  (4174)
Observations 387 387 387 387 387 487

Standard errors in parentheses
FHE p<0.01, ¥ p<0.05, * p<0.1
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Table 6: Contemporaneous Relationships for ABE
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Note: In both sets of regressions. two lags are used. The choice of two
lags is given by the minimum AIC and HQIC in both partitions. Pe-
riod 1 refers to the series before September 2013 and Period 2 refers to
September 2013 onwards.

Table 9: VAR Partitioned into Two Periods

(1) (2) (3) (4) (5) (6)
VARIABLES excessE  dpriceE excessA dpriceA excessB dpriceB
excess 1 000130 -0.0802%% 000119  -0.125%%*  0.000121
(0)  (0.00420) (0.0209)  (0.00241)  (0.0437)  (0.00377)
dpriceE 0 1 0.209 -0.0923%++ 0.609 (. 750%*%*
(0) (0) (0.253)  (0.0287)  (0.528)  (0.0250)
excessA 0 0 1 S0.0251%4F  _1131%% 000477
(0) (0) (0) (0.00563)  (0.0801)  (0.00503)
dpriceA 0 0 0 1 -2.605%F (). 460%**
(0) (0) (0) (0) (0.792)  (0.0386)
excessD 0 0 0 0 1 -0.0153%%*
(0) (0) (0) (0) (0) (0.00235)
dpriceB 0 0 0 0 0 1
() (1) (0] (0) (0) ()
Table 7: VAR logarithmic specification
(1) (2) (3) (4) (5) (6)
dlnpriceA  dlnpriceB  dlnpriceE  excessA  excessB  excessE
dinpriceA - 15.574% 12.364%  68.706% 25036  11.043
dlnpriceB 4.1659 - 4.6013 3.8079  30.007F  10.234
dlnpriceE 20.63* 50.557* - 4.0885  12.900%  3.8907
excessA 39799 T.8603 10.414 - 41967  12.680*
excessh 36183 J.8832 8.5045 T.63216 - 10.761
excessE 1.4262 2.7845 8.1243 L6348 2.0381 -
*1% significance level for Granger causality Wald test
Table 8: VAR Partitioned into Two Periods
(1) (2) (3) (4) (3) (6)
dpriceA  dpriceB  dpriceE  excessA excessB excessE
Period 1 dpriceA - 43.502%  29.2%  35.423% 12.626% 14.762%
dpriceB 4.49 - 23.276* (.68465 13.993* 1.3148
dpriceE  17.725%  49.804* - 2.625 14.313* 0.07828
excessA  (L1T145 T3S 5.9849 - 2.581 7.2549
excessB 19205 R2368 5014 027138 - 5.3429
excessE 51349 3.0502  6.2601  0.38423 1.0689 -
Period 2 dpriceA - 13.6* 71009 31.677T* 0.12561 5.9025
dpriceB  7.985 - 4.5263  0.0615 10.994* 0.1657
dpriceE  6.8242  10.026* - 5.3399 6.778 1.806
excessA 23808 16675 0.13613 - 9.0864 7.0362
excessB L7028 0.81280 0.17997 0.27617 - 0.57347
excessE - 0.28503  0.08004 054791 2.6186 5.0457 -

(1) (2) (3] (4) (5) (6)
VARIABLES  dpriceA  dpriceB  dpriceE exeessA excessB excessE
L.dprice A S0.216%%%  QATRFER  0.403%E Q0562 _00LLTHER 001200
(0.0733)  (0.0881)  (0D.0770)  (0.00946)  (0.00331)  (0.00332)
L.dpriceB 01000 -1 108FFF L0428t 00108 -0.01T4RFR 000241
(0.103) (0.124) (0.109) {0.0134) (0L0046T) (0.00468)
L.dpriceE 0.427#8F (LO8G*HE (4754 0.0241 L0200 -0.00134
(0.117) (0.141) (0.123) (0.0151)  (0.00529)  (0.00530)
L.excessA 0,214 -2.120%%F  1636%*  0.60G%H* 0.0440 0.0:425
(0.637)  (0.766)  (0.669)  (0.0822)  (0.0287)  (0.0288)
L.excessB -2.542 G.ASG*FE 4 451 AL00237 (L473F+* -0.0047
{1.808) (2.283) (1.994) (0.245) (0.0857) (0.0859)
L.excessE 1.974 2.405 3.376%F 0.113 0.0547 (.55TH**
(L.419) (1.707) (1.491) (0.183) (0.0640) (0.0642)
Constant 1,104%# -2328 -7.660 1091.2%%% 0.5 *FF* 05500+
(455.3)  (54T.8)  (4784)  (58.80) (20.55) (20.61)
Observations 271 271 271 271 271 271
Standard errors in parentheses
B p<001, ** p<0.06, * p=0.1
(1) @ (3) (4 (5) (6)
VARIABLES  dpriceA  dpriceB  dpriceE  excessA excess[ excess
L.dpriceA -0.305%%% 0282%F 0149 -0.0710%FF  -0.00316  -0.00799%*
{0.135) (0.137)  (0121)  (0.0130)  (000919)  (0.00353)
L.dpriceB 0.0118  -0469%% 00923 000214  -0.0425%%%  0.00117
{0.195) (0.197)  (0.174) (0.0187) {0.0132) (0.00508)
LdpriceE O560%* 0676 0.300 (L.0402* (L0325%* -0.00653
{0.214) (0217)  (0.192)  (0.0206) {0.0146)  (0.00560)
L.excess A 1.998 -LTTL -0.0123 0 0.T44E* 00458 0.0038%4%
{1.358) (1372)  (1.215) {0.130) (0.0923) {0.0355)
LexvessB -2.491 1336 -0.559 0.0989 01.845%+* 0.0348
(1.973)  (1993) (L.765)  (0.190) (0.131)  {0.0515)
LexcessE 1.614 0.863 2.005 -0.275 0.0416 (1.2764+%
(3.033) (3064)  (2.714) (0.291) {0.206) (0.0792)
Constant -1310%% GR2T -TRGT 37.13 -5.275 14.42
(639.4) (645.8)  (BT2.0) (61.42) (43.47) {16.70)
Observations 117 117 117 117 117 117

Standard errors in parentheses
ok .01, ** p<0.05, * p<0.1
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Note: In both sets of regressions. two lags are used, but only the first
lag is required. The choice of two lags is given by the minimum AIC
and HQIC in both partitions. The top panel shows results for the
series before September 2013 and the bottom panel is for September
2013 onwards.
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Abstract

In this paper, we explore the possibility of analyzing
contests where agents are uncertain about the Contest
Success Functions they are facing. We present a model
with the inclusion of a fairness parameter that captures the
probability of the contest to be determined by a Tullock
ratio versus a simple lottery, through a convex combination
of both. After a brief analysis of complete information, we
focus on an incomplete information setting that leads to the
characterization of a Bayesian equilibrium with particular
conditions for its existence. Furthermore, a detailed
comparative static analysis is carried out. Finally, we present
an application of the model to electoral competition with
heterogeneity in voters and an information advantage.
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1 Introduction

In a contest, a set of agents exerts costly efforts in order to
increase their probabilities of winning a prize. There is no
shortage of these situations in real life. Consider advertising
by rival firms, patent races, sports competitions, electoral
campaigns, lobbying, and beauty pageants, amongst others.
The pioneering work in this area can be attributed to Gordon
Tullock (1967), who first studied monopolies and how the
rent obtained by them actually dissipates through the battle
for monopoly rights. Unlike standard microeconomics, which
assumes there are well-defined property rights, endowments,
and a given technology, contest theory attempts to explain
how these were obtained in the first place.

Contest Success Functions (CSF), a key component in con-
tests, translate the efforts exerted by each agent into winning
probabilities. The Tullock (1980) ratio form has been the most
commonly used in the literature because of its analytical prop-
erties, axiomatized by Skaperdas (1996), and the possibility of
finding a Nash equilibrium. The contrasting work of Hirsh-
leifer (1989) with difference CSF has also provided valuable in-
sight in the field, although no Nash equilibrium can be found.
While a wide variety of contests have been explored since the
popularization of the field, most papers considered the CSF as
public information known by all contenders.

Several authors have analyzed success functions, attempting
to provide a perspective more applicable to real life. Jia (2008)
proposed stochastic foundations for the ratio CSF, basing his
analysis on underlying random shocks. This idea was further
developed in Jia et al. (2013), where four methods of deriving a
CSF were analyzed: stochastic, axiomatic, optimal-design, and
positive-microfoundations. Other authors have introduced
insights from behavioral economics into contest theory, like
Bahard & Nitzan (2008) with Cumulative Prospect Theory,
and Anderson, Goeree & Holt (1998) with a bounded ratio-
nality setup.
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We consider that in real life, success functions tend to be
unknown. There is no perfect information on how sensitive
winning probabilities are with respect to efforts, and the best
approximation to analyze them relies on probability distribu-
tions. A general treatment of incomplete information in Tull-
ock-ratio contests was developed in Einy et al. (2015), where
the existence of a Bayesian Nash equilibrium was proved. This
paper is particularly relevant to our discussion, since it in-
cludes success functions into the measurable space of states of
nature. Until then, Bayesian equilibriums in contests had only
considered information asymmetries in valuation of the prize
(Malueg & Yates (2004), Ryvkin (2010), Gallice (2014)) and in
the cost of efforts (Fey (2008), Singh & Wittman (1988)). Un-
like most of the work previously done in the field, we propose
an analytical resolution to a setting where agents are uncertain
about the success functions they are facing. Furthermore, we
include uncertainty regarding the probability distribution. We
focus on one-sided asymmetric information contests, where
one agent has an advantage of knowing the true probability
distribution of the CSF, while the other relies on expected val-
ues. This setting follows the discussion in Hurley & Shogren
(1998), where it is argued that one-sided information asym-
metries are sufficient to capture contest behavior.

The paper proceeds as follows: Section 2 introduces the model
in a complete and incomplete information setting, followed
by an exhaustive analysis of the comparative statics. Section
3 proposes an application of our model to an electoral com-
petition with heterogeneity in voters. Finally, Section 4 sum-
marizes our findings and presents potential extensions to our
model. An appendix is included with the algebra and proofs
used through the paper.
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2 The Model

We start by introducing a model with N=2 risk-neutral con-
testants for simplicity. The i-th contestant individually exerts
an effort e@R_in order to increase his probabilities, p.(e,e_),
of winning a prize valued at V,, where i@{1,2}. Note that the
subscript —i denotes the effort exerted by the opponent in the
contest. If the prize is indivisible, like in patent races, sport
tournaments, or litigation, p, represents the probability of
winning, whereas in contests with divisible prizes, like war
over territory, it represents the share of the prize won by the
i'™ contestant. The individual efforts are mapped to p(e,e_)
following the generalization of the Contest Success Functions
(CSF) for some unknown value r that follows a given probabi-
listic distribution, F(r):

{EN_ - if g #0 .
pile,e_) = 1= withr ~ F(r), i,€{1,2}
2 if Thief=0

Each contestant’s probability of winning is determined by how
large his effort is, relative to the aggregate effort of all agents,
assuming at least one exerts a positive effort. Otherwise, the
probability of winning is equal among all competitors. It is
then straightforward to see that p(e,e ) is non-decreasing in
e, and non-increasing in e . One of the key properties of this
type of function, analyzed in Corchdén (2007) and Skaperdas
(1996), is that it is homogeneous of degree zero, such that for
a vector of efforts E: p (E) = p(AE), @A > o, @i @ N. This means
that the unit in which effort is measured is irrelevant to the
winning probabilities, which is a desirable characteristic for
a CSF.

The exponent r, a central piece of our analysis, represents how
sensitive the probability of winning is to the contestants’ ef-
forts. When r=o, we have a case where, no matter how much
agents invest in the contest, the CSF will always be a symmet-
ric lottery with p (e,e ) = 1/N. The case when r = 1, commonly
used in contest theory literature, is the Tullock ratio (1980),
where each agent’s probability of winning is determined by
the ratio of their effort to the total effort exerted in the contest.
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As r @ oo, the CSF loses its noise component and the slightest
difference in efforts yields a great difference in winning proba-
bilities. Amegashie (2006) proposed a more tractable CSF with
a noise parameter o and exponent r that attempt to explain
the response of p, to changes in (e,e ). A generalization of this
model where every agent has an independent noise parameter
can be seen in the work of Corchén and Dahm (2010). Simi-
lar intuition can be found in the work of Franke et al. (2014),
where the role of an exogenous “head start”, acting as idiosyn-
cratic noise, affects the contest equilibrium.

We attempt to include uncertainty on how the agents’ efforts
are translated into winning probabilities by taking r as a sto-
chastic component with a given probability distribution F(r).
For simplicity and tractability, in this paper, we are going to
assume that the probabilistic distribution is discrete and that
r can only take the values of o (lottery) or 1 (Tullock ratio). We
will use the term fair contest to describe the scenario where
r=1, and unfair contest for the case when r = o.

We propose a parameter B [0,1] that captures the probability
that the contest will be fair. Therefore, P,-( e,.,eil.) will be a con-
vex combination between a Tullock ratio and a lottery, respec-
tively weighted by {i,1-i}. The expected payoffs for each agent
will then be their expected probability of winning, times their
valuation of the prize, minus the cost of effort, which we will
assume, without loss of generality, to be marginally constant
and equal to one. Hence:

E[TL]=[(1-) 1/2+ e/(e+e )] V-e foril {1,2}

A similar distribution rule was proposed in Nitzan (1991),
where he argued that a share of the prize could be distribut-
ed on egalitarian grounds, while the rest would depend on
relative efforts. Our model is conceptually different, since we
make no assumptions about the prize’s characteristics. We will
address this problem from two perspectives. First, we analyze
a complete information setting where both agents know the
probability distribution, F(r), in other words, both know 1.
Then, we analyze an incomplete information setting where two
possible values of ¢ are presented and only one agent knows
which one is the realized.
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2.1 Equilibrium with Complete
Information on Probability
Distributions

We will first briefly approach the situation from a complete
information perspective, where both contestants know the
true value of the parameter . Taking the first order conditions
from the expected payoffs functions yields:

aEMM;]

de;

=0oe = “"J;”rme (1,2}

Solving the system of equations obtained by the i first order
conditions:
We have a profit-maximizing effort, since second order condi-

= WV for € {1,2)
[Ek 1 k)

J.

tions holds: (0°E[I1])/(de?) < o. The probabilities of winning
for each contestant are given by:

piej,ec) = (1 —¢)§+w(2£’—f“) fori € {1,2}

Comparing these results with traditional contest theory lit-
erature, as described in Corchdén’s (2007) survey, it is easy to
see that the i) parameter acts as a scalar of the efforts of every
contestant. Moreover, the winning probabilities for any con-
testant here are the convex combination of a symmetric lottery
and the contestant’s relative valuation of the prize.

Proposition 1. If both agents know the true value of {, the
optimal effort exerted by each candidate is the effort under a
certain Tullock ratio, (V2 V )/[(X,_NV, )*], scaled by the param-
eter .

k=1

2.2 Bayesian Equilibrium

In our setting of incomplete information, the fairness param-
eter i can take two values {1, 3} with probabilities {1-p,p} re-
spectively, where ¥ <. We assume that contestant 2 has full
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information about the probability distribution of rand, there-
fore, knows the true realization of i, while contestant 1 only
relies on the probabilities of {y, ¥}. In order to characterize the
Bayesian equilibrium, contestant 1 will maximize his expected
profits based on the efforts exerted by player 2 in each of the
possible states of nature, which we will respectively call {e*e}.
We will proceed to find the three first order conditions that
yield the equilibrium. For the agent with full information:

If =y

E[E] = [(1 _E)i*'ﬂejg Va —&

The first order conditions yields:
g y—topm1e 6= [ha-a 6
e Llered) 2= 5

Likewise, if ¢ = 3

SLAN (E LR A AR

BE[TI, - g — —_ ..
_al?Tl: 0 < wmvz =1 e = ||1,le'291—91 (11)

It is easy to see that second order conditions hold in both cases
so we have a profit maximizing result, since (9°E[I1 ])/(de *) <
o for the high and low . Agent 1 will maximize his expect-
ed profits depending on the probabilities that each state will
occur. Again, second order conditions hold, ensuring a prof-

E|n1|:p[((1—_) +¢e +e)v,—e,]+(1—p)l((1—¢)2+¢ae +e)v1—e,‘

it-maximizing effort.

JE[M,] — = & _
T2 S0 ® P‘Pm  +(1- P)E@ﬂﬁ =1 (ui)
Finding the first order condition:
Solving (i), (ii) and (iii) simultaneously gives us the Bayesian
Equilibrium. The extensive algebra can be found in the appen-
dix of the paper. The optimal efforts are:
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I3 E — z
[\p‘| p+1-p) 1@) ViV,

e =
: A

. { w+u—p}|¢- ViV J_ w+{1—m wJ ( ¢+t1—p}|w Vi plw+{1 mut-
gz = g3 =
z Wy +3) (Vy+¥3) oz (Vy+3) f )

®

€

_ atviw — _ @iy _ @l [
Tt TS [J_ (Vy+V, )] ’ E_z Wy +1) J_ EV +W )

These algebraic expressions, that initially might seem compli-
cated, make more sense when analyzed carefully. For notation,
we will call the weighted product o B (pVy+(1-p)Vy), which is

key for our analysis. This way:

Since by definition e, @ R @i @ {1,...,N}, we need an additional
condition for the existence of an inner solution in our Bayes-
ian equilibrium. Given the nature of the parameters, e "always

oo B,

—_—— 3 = =
@ — (Vy+iL) and e_z_III i a  (Vy+l)

holds as a positive quantity. For the efforts of agent 2:
It is sufficient to assume the latter, since it is the most restric-
tive condition. A proof of this can be found in the appendix.

Proposition 2. The existence of an inner solution in the
Bayesian equilibrium is conditional on:

Vp/a=V /(V+V) (2.1)

Given the construction of the left-hand-side term, it is bound-
ed between o and 1, which implies that, if the valuation of the
contestant with incomplete information is at least twice as big
as the valuation of the contestant with complete information,
an inner equilibrium is unfeasible. Moreover, the term will ap-
proach o as (i - §) @ 1, since: lim, . V/a = 0. This means
that, when the two states of nature are very different from each

other, V has to be very large in order for an inner equilibrium
to hold.

e
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Corollary. If we have a case of symmetric valuations V. =V,
the condition (2.1) turns into: 1+ 1/p = Vi / Vi, so the smaller
the probability of the fair scenario, p, the more likely it is for an
inner Bayesian Equilibrium to hold.

The winning probabilities of both agents will depend on the

av,
1-7=
Jow

E[ 'r.fv'['r'vlfv ]
‘J 1 2

pleier ) =(1 _@;"%;—“-Pz(e{-g} =(1 __) +
Vv

1 V)

m.-

w(eiet) = (1-w)s+ gLl mleted) = (1-9)

realized state of nature. We find that:

Proposition 3. When p=1 or p=o, and when y = Y, the Bayesian
Equilibrium found here is equal to the Nash Equilibrium found
in subsection 2.1

2.3 Comparative Statics and Analysis

2.3.1  Agent with Incomplete Information

We will first take a look at the agent with incomplete informa-
tion, contestant 1. The comparative statics for this agent are
more intuitive and simpler than what we will see for the con-
testant with complete information. The extensive algebra for
all the statements presented in this section can be found in the
appendix of the paper.

In traditional contest theory literature, as seen in Corchén
(2007), agents with a higher valuation (or a lower cost) usually
exert a higher level of effort. This results can be seen in our
Bayesian equilibrium since (de,)/(dV ) > o for all values of the
parameters. The effect of a variation in the opponent’s valu-
ation, (de’)/(dV ), will only be positive if V. > V. This means
that, while contestant 1 has a higher valuation, increases in V,
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work as an encouragement to fight harder up until the point
where valuations are equal, after which it supposes a discour-
agement. Although the magnitude of the effect depends on «,
the sign interestingly only dependson V > V..

It is also straightforward to prove that (de’)/dp is always pos-
itive, meaning that the higher the probability of the state of
nature where ¥ = ¥, holding everything else constant, the
higher the effort of contestant 1 will be. Intuitively, facing a
larger p implies an encouragement effect for contestant 1 since
it is more likely that the contest will be fair, meaning that the
return on investment of effort is higher.

One of the key aspects of our paper is analyzing the response
in effort to changes in the fairness parameters. We can see that
these follow what one would expect. Increases in eithery or i,
ceteris paribus, will always generate increases in e, since the
contestant will believe that the result of the contest is more
sensitive to efforts.

Proposition 4. Any increase in potential fairness for the agent
with incomplete information, whether it is through p, ¥ or Y,
increases the effort exerted.

2.3.2 Agent with Complete Information

We now analyze the agent with full information on the real-
ized probability distribution, contestant 2. The comparative
statics for this agent are more complex than the one for the
agent with incomplete information, since by having access to
all the information in the contest, this contestant can make
more accurate responses.

It is straightforward to prove (and intuitive) that the effort un-
der the state of high fairness is always larger or equal than the
one under the low fairness scenario. A proof by contradiction
can be found in the appendix. Therefore, " = e " for any pos-
sible value of the parameters.

In both cases, an increase in the valuation V_2 induces a high-
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-
des L -

and =2 0if Ao tache)

v,

a T (Vitlz)

er effort:

The first inequalitv holds since V(y)/a = 1, as « is a convex
combination of V(%) and V() where >y, and (V.-V)/(V.+V)
< 1since all valuations are non-negative. The second inequali-
ty holds, because it is a consequence of the inner equilibrium
condition (2.1).

When the valuation of the competitor, V, increases, the effect
in effort is ambiguous:

. I iz
%5 pif s 2 g Zspifpisy 2
avy a Vit [ Vyt+ Vs

v '2} v
We know that: . 2z

from condition (2.1).

If the ratio (2V)/(V+V ) is higher than all the terms above, it
would cause a decline in the efforts of agent 2 in both scenari-
os. In the case the ratio is between the first and second term, it
would causean increase in?"and adecrease ine . And finally,
if the ratio is between the second and third term, it would in-
crease the effort of both types of agent 2.

This result can be interestingly compared to the findings in Nti
(1999). Consider contestant 1 to be an underdog, meaning that
they have a significantly lower valuation than contestant 2, so
the ratio V/(V+V ) is small. Under the setting of rent-seeking
with asymmetric valuations studied by Nti (1999), an increase
in the underdog’s valuation would always lead to a rise in the
efforts of both players. However, in our setting of incomplete
information, there is a possibility that the same increase of V|
only increases the effort ", and actually decreases e ". Inter-
estingly, contestant 2’s response to a change in p behaves in a

g i B
a g, , 2v. 2 R .t 2V,
Z>0if > and =3>0if >
dp o Vi+ls dp i 4 Wy +1a
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similar way, since:

The strategic behavior in the contest strongly depends on the
different parameters involved, all contained in «. Taking a
deeper look into this recurrent condition, we can extract some

valuable insights. First, we know that V(¥)/a = 1and V(i) /a <
1, by construction. At the same time, (2V)/(V+V ) will be larg-
er than1whenV > V.. So, depending on which contestant has
the highest valuation, the behavior will be different.

Proposition 5. The effects on the effort of the agent with com-
plete information of variations in the opponent’s valuation or
the parameter p are ambiguous and will depend on where the

Fo,

¥ +IQ

ratio (2V )/(V+V ) lands on the inequality:

One of the most interesting analysis is how the agent with full
information responds to a change in the fairness parameters
¥ and . 7 oz, . ae vill consider what happens when the true
fairness | 7y "-ﬂd Sy 7aries, in other words, the signs of the de-

0 2e; l
A L' = J_ > 2h
2 ‘r & P Wi+l and E =0 lf + -p~ Wi+l

o [~%]
a:ll

rivatives
And now, we will consider how efforts change when the unre-
alized fairness parameter varies:

There is plenty to say about these results. As we can see, the
sign of the effect in efforts of a change in the unrealized fair-
ness parameter follows the same condition as what we previ-
ously found analyzing the comparative statics regarding V_1
and p. An interesting result is:
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What one would intuitively expect is that any type of fairness
increase would yield higher efforts from both contestants,
since every unit of effort spent increases the winning proba-
bilities marginally more. However, we find that when the ratio
(2V)/(V+V ) is too high (but still fulfills condition 2.1), an in-
crease in fairness can actually decrease the efforts of the con-
testant with full information.

Proposition 6. An increase in the fairness of a contest, hold-
ing everything else constant, always increases the effort of the
contestant with incomplete information, but the effect on the
effort of the contestant with complete information is ambigu-
ous.
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3  Application to Electoral
Competition

We believe the settings of the model proposed in Section II can
be used to analyze electoral competition from a novel perspec-
tive. Economists, in particular those specialized in the field of
Political Economy, have always been interested in how citizens
choose their representatives. Some of the initial ideas in this
area can be attributed to Hotelling (1929), whose work then
led to the development of the Median Voter Theorem and ex-
tensions by Downs (1957) and Black (1948), the latter of which
is considered by many to be the father of social choice theory.

In electoral competition, candidates try to influence voters
in order to increase their probabilities of winning office. The
bundle of expenditures spent by each candidate includes a
complex list of components, such as mandatory fees, the de-
velopment of a political plan, salaries during the campaign,
and political advertisement, which can be both physical (like
political rallies) and through media (radio, TV, internet). All
these expenses, which we will call political pressure, are the
strategy of a candidate in a political competition. Becker
(1983) introduces the concept of a political equilibrium as the
situation where all possible candidates are maximizing their
expected payoffs by “spending their optimal amount on polit-
ical pressure, given the productivity of their expenditures, and
the behavior of the others.

The popularization of Contest Theory provides a new oppor-
tunity for modelling political competition. A simple example
can be seen in Corchdn (2007), where efforts are measured as
the expenditure in advertisement by candidates. Skaperdas
and Grofman (1995) remarked the importance of advertising
in political competitions and developed a model of “negative
campaigning” under the Tullock ratio form. We would like to
propose a new model, based on our findings from Section II, to
include an extremely important component: heterogeneity in
voters. In particular, we believe that the level of spending done
by each candidate and their winning probabilities strongly de-
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pend on how responsive voters are to political pressure.

To illustrate this idea with a real life example, consider the
political competition for the presidency of the United States
!, where we can distinguish different types of voters. On the
one hand, we have the Red States, which predominantly vote
Republican. These States include Nebraska, Kansas, South
Dakota, among others. On the other hand, we have the Blue
States, which predominantly vote Democrat. These include
New York, California, Massachusetts, Vermont, and others.
The consistency of electoral results in these states through
time (and candidates) tells us that residents have intrinsically
different preferences. As a consequence, the return on invest-
ment of a single dollar spent by a Democratic Party candidate
on a Blue State is significantly higher than on a Red State, and
vice versa for a Republican Party candidate.

However, there is also a set of states known as “swing states’,
which are the most competitive and both parties have similar
chances of winning. These include Colorado, Florida, Michi-
gan, among others. These states are the ones that determine
who wins the presidential race in most cases. Voters have no
intrinsic preference, and a dollar invested here by either can-
didate can buy practically the same influence.

With this in mind, in our model candidates will be facing two
types of voters for simplicity: those who cannot be influenced
by any type of political advertisement, which we will call de-
cided voters, and those who are persuadable and more respon-
sive to political pressures, which we will call undecided voters.
Evidently, within the decided category we will have voters who
favor each one of the parties. A similar intuition can be found
in the work of Baron (1994).

The fairness parameter i that we introduced in the previous
Section will now represent the share of the total voter popula-
tion that is undecided, and therefore sensitive to the political
pressure exerted. The remaining 1-i share of the population
will represent those electors who are decided and will blindly
1 All electoral data has been found in the “National Archives and
Records Administration” from the U.S. Electoral College
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vote for a candidate regardless of expenditures. We are also in-
troducing a new parameter y, that represents the share of the
decided voters that favor candidate i, so that },_*(y,) = 1. We
assume that this parameter follows a given probability distri-
bution F(y,) that is not correlated with any other parameter
involved in the problem. We are only going to assume that this
distribution has an expected value, E[y ], since its analysis es-
capes the aim of this paper. The following table summarizes
the parameters related to the heterogeneity in voters in our
model with two candidates:

Table 1: Parameters of the Electoral Competition Model

Parameter Description
P Share of undecided voters
(1 —PIE[y] Share of decided voters favoring i
(1—yY)(1—Ely;]D Share of decided voters against i

Therefore, candidate’s i expected payoffs function will take the
form of:

£

E[l;] = (1—1£’)E|}’EJ+T!Jm Vi—e for i€ {12}

Where e, represents the expenditure in political pressure by
candidate i, and V. represents the candidate’s value of office.
For simplicity, we are going to assume that the value of office
is the same for the two candidates, so that V =V, = V. A key
characteristic of our model is incompleteness of information.
As we previously did, we are going to assume the share of un-
decided voters can take two possible values {y, ¥} with prob-
abilities {1-p, p} respectively, where ¢ < ¥. Candidate 2 knows
the true value of ¢, while candidate 1 relies on its probabili-
ty distribution. This theoretical approach resembles the case
of an electoral competition between a known politician and
an outsider. One could be a public figure, an incumbent, an
ex-president, or someone who has run for office before, so that
he has an information advantage, while the other could be a
newcomer into politics and is not sure about the share of the
population who is undecided. As we previously assumed, Efy,/
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remains constant in both states of nature for both candidates
since its distribution is independent of .

As Becker (1983) formulated, the result of each candidate max-
imizing their expected payoffs subject to the productivity of
their expenditures yields a political equilibrium. In this case,
it is the Bayesian equilibrium from our incomplete informa-
tion setting. The maximization of expected payoffs is exactly
similar as in Section II, except for the y, parameter, which does
not affect the level of optimal expenditure. We will follow the
same notation of o B (pV(¥)+(1-p)V(¥)). Therefore, we find:

> 2V
Vit+Vz

a %50y
and —==> LfT

With the following winning probabilities:

In the scenario with high rate of undecided voters, ) = ¥

pi(ei @) = (1—9)Ely] + C%E pa(e1. @) = (1= P)Ely,] + ¥ - 52@

In the scenario with low rate of undecided voters, ¥ = U:

o (eines) = (1= 0) Bl + 2. (etes) = (1 9) Blyad + = 222

We are interested in analyzing which factors increase a can-
didate’s winning probabilities. Table 2, that can be found in
Appendix, sums up all the first partial derivatives of p and p,
for both states of the world with their respective signs. Those
with a positive sign imply that any increase in the factor will
yield higher winning probabilities for the candidate. The ef-
fect of the share of decided voters E[y ] and E[y,] is unambigu-
ous and intuitive. However, the sign of the effect of the share
of undecided voters on winning probabilities depends on the
conditions shown in Table 2. Therefore, there is no clear pref-
erences for fairness in a contest of this type.



BERKELEY ECONOMIC REVIEW

4  Conclusions

Throughout this paper, we have analyzed a contest where par-
ticipants are uncertain on how sensitive the CSF is with respect
to the efforts exerted. In particular, we treated a discrete case
of uncertainty through the introduction of an exogenous fair-
ness parameter ) that measures the probability that the win-
ner of the contest is determined by a Tullock ratio instead of
by a lottery. First, we solved the case of complete information
and found intuitive results that follow traditional contest the-
ory literature. Then, we characterized and analyzed a Bayes-
ian Equilibrium in a two-person contest where a contestant
has full information regarding i, while the other relies on a
probability distribution. Most papers in the field that present
a Bayesian Equilibrium mainly consider asymmetries in valua-
tions and costs, so our characterization is novel.

Our results show that comparative statics for the contestant
with incomplete information are simple and straightforward,
following what has been found in contest theory literature.
However, the response of the candidate with complete infor-
mation to different changes in the parameters depends on the
distance between the two beliefs {i, ¥} and the probabilities
{1-p, p}. Our key results are that only the contestant with in-
complete information always prefers higher levels of fairness,
while it is ambiguous for the contestant with complete infor-
mation. In fact, if the player with complete information has
significantly lower valuation than the one with incomplete in-
formation, any increase in the fairness parameter discourages
his efforts, regardless of the state of nature.

Finally, we proposed an application to Electoral Competition
in which the parameter i represents the share of undecided
voters who can be influenced by political expenditures, while
the decided voters are divided between the two candidates. A
setting of incomplete information, as the one evaluated, re-
sembles the case of an outsider in politics with incomplete in-
formation who faces an experienced candidate with complete
information regarding the pool of voters. We analyzed the fac-
tors that affected the winning probabilities of candidates and
found ambiguity regarding the fairness parameters.
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4.1  Possible Extensions to the Model

Although our model is tractable and easy to analyze alge-
braically, we believe that a more complex approach could
be taken in the future, considering a continuous probability
distribution for r instead of a discrete one with two values as
we did. This could follow what has been done by Fey (2008)
with private costs and Gallice (2014) with private valuations.
We propose taking the exponent, 1, as continuous between a
lower bound, a, and an upper bound, b, and providing it with
a distribution, F(r), with density f(r). This, which requires
more advanced mathematical techniques, would characterize
a complete equilibrium. Under this setting, the CSF would be:

b el
pilej,e_;) = J. f(r) e— dr
a j=18j

We also propose an extension to the model of political com-
petition by including a wider spectrum of types of voters. In
addition, a deeper analysis into how the political pressure ex-
erted is allocated through voters could complete the model. It
is not only important to be aware of the existence of different
types of voters among the population (decided and undecid-
ed), but it is also of key importance to be able to identify which
specific voter is of which type, in order to allocate the political
pressure in an effective manner. These kinds of models are cur-
rently being developed in forthcoming papers such as Konrad
(2017), and we believe it can greatly benefit our understanding
of the allocation of political pressure and resources in general.
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6 Appendix and Tables

2.2 Bayesian Equilibrium

Solution of the equilibrium - Algebra
The three first order conditions are:

i) ex= [Poer—es (i) e—2=,/$Vze1—e1 (iii) ﬂ%mu-p)g(e%ml

Substituting (i) and (ii) and (iii):

! Vo8, —e, Pize —e;
Y Vi + (- p):.b—"'—'/ =1

(eﬁ\[@—el) (ﬁﬁj@ 91)

Phyey—e \|| Ve, —e,
P— Vi+(1-p)———V =1
V2
= -
PV (9 N (1 p)i’xﬁ e Q-p _ .
Jervz Jevz Va [

(19\|%+ 1-p )‘J@}h

_."_—__=1
Jera Vy
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Therefore:
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WV +12)2

e, =

Substituting e " into (i) and (ii) gives us:

e
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Proof of the sufficient condition for the existence of the Bayes-
ian Equilibrium

The two conditions needed for the existence of the
Bayesian Equilibrium are:

m ¥
3‘20~£> “ and e*>0«-.£> "‘

a T (Vy+Vy) -2 = @ T (Vy+Va)

The latter is sufficient for both to hold, since:

P> Eby assumption
oo - L

Since o is by definition non-negative. Therefore, if

V(Y)/a =z V/(V+V) holds, then V(¥)/a = V/(V+V ) will hold

as well.

2.3 Comparative Statics and Analysis
2.3.1 Agent with Incomplete Information

dey _ 2alViVe(Vi+V2)?—2(Va+¥2)a’Vive _ 2a’v Vi 0
av, (Vit+V2)* RS

de; _ afVE(W, V)R -2V, +V)aVEV, _ afVE(V,—15)

av, (V+V3)* - (Vv +Vz)3 20 E}F Vl 2 Vz
a = 2
dej _ 2aViV, J'_ =0
EJp T(h+ Vz)z
1 -2
de; _ 2aViVap5 (¥) 2 _ aViVp >0
aw (Vi +V)? - —
v AL

1
1, AL
de; 2aViVy(1- p)g(g) : _aV?V,(1-p) -
oY V1 +V,)? W, + V)2 J; N

0
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2.3.2 Agent with Complete Information

98 _ “‘P)J_""z (L -p) ﬁ o
Effort is always larger with the high fairness parameter oy 2V, + VZ)I WV, + V,)? f « VY,
We are going to perform a proof by contradiction. As-
sume Y < ¥, each one respectively associated with an efforte _ _ )
" If we consider thate " > &, then: Comparative Statics for e,
Wthh is a contradlctlon since we first assumed that Y < ¥.

de; P rwavyv-v) Lo E (V1=V2)

v, v TATAL will be positive if - ﬁ This condition always holds
aly Vs aly a by Vs
(Vy+Va) ¥- (Vy+Va) {p'l +Va) (1.-14.1.-,_3 because of the equilibrium condition (2.1).
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Hence, it is proved that a higher level of fairness always leads 5 = =>0if “- >y
to a higher effort. 20V + Vz)\!; v + Vz)EJ;
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3 Applications to Electoral Competition

Table 2. First partial derivatives of p and p, for both states of

the world
If p=9 I op=1p
pi(e1.e2) p2(e1.e2) P (Ei:ﬁ) P2 (ei-ﬁ)
o >0 <0 <0 >0
ap - - -
> 0if >0if

1_ =y =0 <0

ap "‘Eé“ > E[y,] F{;; < B[y B B

5 > 0if = 0if

ﬁ =0 =0 (1-:[_54;: = Ely ¢ F:jF‘f_-'m < Ely1]

a
eyl 20 <0 20 S0 [THIS PAGE INTENTIONALLY
ot <0 >0 <0 >0 LEFT BLANK]







