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This dissertation is my exploration on an economic analysis of some emerging cyber law
and policy issues. I focus on three topics corresponding to some of the most contentious
pieces of law: copyright infringement, intermediary immunity, and antitrust. Chapter
I presents a welfare evaluation of the widely adopted content takedown policy that se-
cures copyright in cyberspace. Chapter II studies the optimal mediation design where
disputants are asymmetrically informed and hard evidence can be acquired or presented
with a cost. Chapter III discusses how a profit cap, imposed via taxation on a group of
firms, can improve efficiency for both vaccine sharing and platform competition.
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CHAPTERO
INTRODUCTION

Digital technologies and global digital networks offer virtually anyone the ability
to access, store, transmit, and manipulate vast amounts of information. Consequently,
digital technology both brings new benefits and poses new challenges to the economy.
On one hand, digital technology reduces the cost of many economic activities, including
the cost of search, the cost of replication, the cost of verification, among others (Goldfarb
and Tucker, 2019). On the other hand, digital technology magnifies economic harm at an
unprecedented scale, including the harm of piracy, the harm of defamation, the harm of

misinformation, etc.

This revolution in the use of information raises new and often complex legal dis-
putes and governance issues. In the new millennium, an increasing number of laws and
regulations are drafted, discussed, and ready to profoundly shape the future of the digital
economy. The U.S. has been the leader in this, but many countries in both the developed
and the developing world have moved in the same direction by either following the U.S.
model or venturing into some novel recipes. The collection of statutes, regulations, dis-
putes, and cases, which affects people and businesses interacting through computers and
the internet, is defined as cyber law and policy. It includes both private actions and gov-
ernment actions in cyberspace, and covers a variety of areas, such as intellectual property,
antitrust, online speech, privacy, e-commerce, e-governance, cybercrimes, and recent de-

velopments in blockchains and cryptography.

To an economist, this seems to be a field of inquiry where prescription so far has
outstripped analysis by a wide margin. It is the aim of this dissertation to analyze some

of the pressing cyber policy issues using an economist’s toolbox of microeconomic theory,



causal inference econometrics, and behavioral insights. I focus on three topics recurring
in the policy debates: copyright and creativity, intermediary power, Big Tech. These three
topics correspond to some of the most contentious pieces of law that are fundamental to
the digital world: on copyright infringement, it is the Section 512 of the Digital Millen-
nium Copyright Act; on intermediary immunity, it is the Section 230 of the Communica-

tion Decency Act; on platform antitrust, it is the Section 1 and 2 of the Sherman Act.

Despite the digital context, the policy questions regarding copyright, dispute reso-
lution, and antitrust are by no means novel. An immediate economist’s response is: what
is different? do policies that work for the conventional offline markets continue to work
in the online era? The following three chapters present a coherent view that appropriate
changes to these policies should be made. The changes could be limitations imposed on
the current policy, expansions of the policy, or alternatives to the policy. In the case of
digital copyright, open-access content generated by users has been phenomenal, which
has never been observed in the offline counterpart. Chapter I shows how accounting
for the social motivation behind such creations changes the classical intellectual property
trade-off and consequently the welfare conclusions. In the case of online dispute resolu-
tion, information technology eases the process of verification, lowers the burden for the
intermediary, and opens up new opportunities for intelligent design. Chapter II, based
on a co-authored work with Yi Chen, shows how incorporating costly evidence into the
optimal design escalates the power of mediation to solve information asymmetry and
overcome the bargaining impasse. In the case of platform competition, debates have been
lasting on whether antitrust law is capable of regulating the Big Tech and the Big Pharma
with their natural economies of scale. Chapter III, based on a joint work with Kaushik
Basu and Fikri Pitsuwan, shows that an industry-level profit cap, done right, can be a
virtual substitute for antitrust law, with the advantage that efficiency is achieved without

breaking up firms and hurting consumers.



I see this dissertation as the first step to a long journey, and in doing so, the chap-
ters restrain themselves from reaching conclusive answers. My economic analysis is con-
strained by the availability of data and the welfare criterion of efficiency; throughout the
analysis, I rest on the rationality assumption on individual decision making. An unbiased
understanding of cyber law and policy, I believe, has to be interdisciplinary, bringing so-
cial scientists, legal scholars, computer scientists to the same table. As hard as the task
might sound, the distinctive feature of human interactions mediated by computers, the
extraordinary level of innovation and creativity on the internet, and the role of the gov-

ernment in the online space will keep fascinating generations of academic interests.

0.1 The Human Side of Cyber Takedowns: Theory and Evidence from

GitHub

This paper presents a welfare evaluation of the widely adopted content takedown policy
that secures copyright in cyberspace. In our analytical framework, unauthorized repro-
duction occurs in an open-access platform, either as an unproductive investment to steal
the content or as a cost-saving method to expand the content. The first kind of repro-
duction reduces original contributions, whereas the second kind of reproduction invites
them. The takedown policy is only socially beneficial in removing the former, but it allows
a profit-maximizing copyright owner to block competition for the latter. An event study
design using data from GitHub provides evidence that reproduction on this platform
is most likely driven by the motive for content expansion, and enforcing the takedown
policy is thus inefficient. This welfare loss can be addressed by an appropriate fair-use

condition.



0.2 Mediation and Costly Evidence

This paper studies the optimal mediation design where disputants are asymmetrically
informed and hard evidence can be acquired or presented with a cost. The model en-
compasses both facilitative mediation where the mediator only transmits information,
and evaluative mediation where the mediator bases recommendation on verifiable infor-
mation. We compare two modes of evaluation: the adversarial procedure where the dis-
putants present evidence, and the inquisitorial procedure where the mediator acquires ev-
idence. Any optimal mediation plan can be characterized by a simple threshold partition-
ing the ordered state space into a truth set and a pooling set. A welfare-maximizing medi-
ator prefers the adversarial procedure, whereas a profit-maximizing mediator prefers the
inquisitorial procedure. Full settlement is always the outcome irrespective of the proce-
dures or the objectives. The derived mediation design matches the practice of professional

mediators on mediation style, settlement rate, settlement terms, and satisfaction ratings.

0.3 Profit-Cap Policy: Theory and Applications

A known policy dilemma occurs between the need to curb extra-large profits by some
industries, like pharmaceuticals, and the need to ensure the incentive to produce is not
damaged. This paper shows that a profit cap, imposed via taxation on a group of firms,
can simultaneously eliminate inefficiency and excess profit by intensifying competition
among oligopolistic firms. The result has a direct bearing on current policy debates on

COVID-19 vaccine sharing and antitrust problem of e-commerce platforms.



CHAPTER 1
THE HUMAN SIDE OF CYBER TAKEDOWNS: THEORY AND EVIDENCE FROM
GITHUB

1.1 Introduction

A digital era has fallen upon us. By means of information technology, the massive interac-
tion of people, goods, and services on the internet has given rise to a social environment
called cyberspace. A key defining feature of cyberspace is the phenomenal sharing of
knowledge through rich content provisions. Much of the digital content that users expe-
rience and enjoy is characterized by the notion of open access — the practice of making
creative works freely available online to everyone (Suber, 2010). ! The common theme
of open-access platforms is that they are public goods provided to a large group of in-
ternet users and rely heavily on voluntary group contributions. > However, as internet
users explore the abundance of knowledge shared online, the practice of unauthorized
reproduction in open access is highly controversial. * Some reproduction practices in
open-access content are plainly piracy, whereas many others are creative content expan-
sions. * Distinguishing expanded content from stolen content is a critical issue that will

profoundly shape the use and accumulation of knowledge for future generations.

ISuch successful projects include open-source software (e.g., Linux and Mozilla), open educational re-
sources (e.g., MIT OpenCourseWare and Coursera), open knowledge provision (e.g., Project Gutenberg
and Wikipedia), open-access research and scientific collections (e.g., the Public Library of Science), and
open media and news (e.g., citizen journalism).

2Benkler (2008) describes this production process as commons-based peer production — “a decentral-
ized, collaborative, and nonproprietary process, based on sharing outputs among widely distributed,
loosely connected individuals”.

3Reproduction of content refers to the use of original content as input without the owner’s permission.
See Rob and Waldfogel (2006) on music file sharing. See Marron and Steel (2000) on software piracy.

4A famous example is Unix and Linux. Unix is one of the first operating systems developed and copy-
righted by AT&T. In the 1990s, Linus Torvalds took the basics of Unix and made a better operating system
called Linux. He posted his codes publicly so that people around the globe could add new features to it.
As a result, Unix experienced revenue loss, and AT&T devoted substantial legal effort to stop Linux and its
variants on the grounds of property rights. See Section 1.2 for more notable cases.



Before fully appreciating the delicacy of the task, policy makers began to draw legal
boundaries on the use of knowledge and content in cyberspace. In the new millennium,
there has been a concerted global effort toward enforcing authorized use and prevent-
ing copyright infringement in the digital environment. One of the most notable mile-
stones was the content takedown policy that was first initiated by the United States under
the 1998 Digital Millennium Copyright Act (DMCA hereafter) and has since served as a
model for other countries. ° The content takedown policy enables copyright owners to
send takedown notices to request the removal of content that they believe to be infringing,
and it requires online service providers to expeditiously honor such requests and remove
infringing content in order to avoid legal liability. The notice and takedown system has
been used extensively by copyright-based industries. According to the Lumen database,
more than 40,000 takedown notices per week are processed by major digital platforms
(e.g., Google, Twitter, YouTube, Wikipedia), resulting in millions of removal requests ad-
dressed to internet users. The individual experiences of affected users occasionally make
headlines, and estimates are emerging to give us a sense of the magnitude of its impact. A
report from the French Ministry of Culture (2020) shows that 13% of French internet users
(or, in absolute terms, more than 7 million French internet users) who have contributed

content to some platform have had at least one upload blocked.

The welfare consequences of enforcing the takedown policy are a subject of con-
tentious debate. Advocates, mostly corporations and lobby groups, argue that conven-
tional copyright protection is inadequate for the digital environment as illegal copying
is increasingly easy; thus, the celebrated takedown policy would restore the incentive to
create. Critics contend that the takedown policy gives copyright owners excessive pro-
tection against future creators, which could severely constrain content reuse and future

creativity (Lessig, 2004).

SSimilar policies have been implemented in EU Article 13, China’s 2010 Copyright Law Amendment,
and India’s 2012 Copyright Amendment Bill.



This paper proposes an analytical framework to evaluate the welfare consequences
of the takedown policy and applies it to an empirical assessment of reproduction behav-
ior on a major open-access platform: GitHub. We consider a canonical model of mixed-
motive platform competition in which one platform, developed by the owner, is a profit-
maximizing entity and the other platform, relying upon user-generated contributions, is
freely available to any user. The novelty of the model is that a user has two ways to con-
tribute to the open-access platform: she can contribute by original authorship at the same
cost as the copyright owner, or she can choose to copy any portion of the proprietary
content and contribute a reproduction. Reproduction is at a lower cost, but duplicate
efforts are not useful for the platform. We model the takedown policy as a zero quantity
constraint on the total amount of reproduction. We ask whether the resulting new equilib-

rium leads to an efficiency-improving allocation of content provision and consumption.

We start with a benchmark assumption on user preference in which users care only
about their own consumption of platform content; we call this the standard neoclassical
preference. Under the standard preference, users have a self-interest in strategically in-
vesting in reproduction to avoid a higher price. The laissez-faire equilibrium is always
inefficient because reproduction crowds out original contributions and undermines the
owner’s incentive to provide content. Enforcing the takedown policy thus increases wel-
fare by cutting unproductive and wasteful investments in reproduction. In fact, because
of the free-riding problem, a ban on the open-access platform can achieve an efficient

outcome.

However, the standard preference cannot explain the rich content users voluntar-
ily provide on the internet. Based on empirical evidence regarding content creation and
public good provision, we argue that the community preference, in which users care (to

varying degrees) about the community consumption of open-access content conditional



on whether they are part of the community, is a better model grounded on empirical ev-
idence. Under the community preference, a user gains more satisfaction if either there
is more content in the open-access platform or the size of the open-access community
is larger. The reason for reproduction changes dramatically once we incorporate the as-
sumption of community preference. Reproduction is a cost-saving way for content ex-
pansion. As more users are attracted to the open-access community, the marginal utility
of original contributions increases as the platform content accumulates, which leads the
users to contribute beyond the proprietary output, an amount no user would otherwise
find incentive compatible without such reproduction. Enforcing the takedown policy de-

creases welfare by leading to a contraction in content provision.

We then attempt a welfare evaluation of enforcing the takedown policy on software
developers’ reproduction behavior using data from GitHub, the largest online host of
open source code and repositories in the world. Based on our analytical framework, we
devise a sufficient statistic test to overcome the difficulties caused by the unobservable
nature of the distribution of the community preference and by the need to calibrate the
entire model. The test relates the underlying preference to the nature of the game and
leads to competing hypotheses regarding the effect of a takedown on undisputed original
contributions. The “crowding out” hypothesis predicts that user i’s contribution would
increase with an exogenous removal of user j’s reproduction if the reproduction were self-
serving and thus were prescribed to be taken down. The “crowding in” hypothesis in-
stead predicts that user i’s contribution would decrease with an exogenous removal of user
j’s reproduction if reproduction were community driven and thus were not prescribed to

be taken down.

In identifying an exogenous change only in the amount of reproduction, we exploit

an institutional feature of GitHub’s takedown protocol regarding fork repositories. A fork



repository is a copy of a parent repository, and it usually contains both the content of its
parent repository and its own newly added content. Upon receiving a takedown notice,
GitHub automatically disables the content of a parent repository, but when disabling the
parent repository, it does not disable the content of forks unless it receives a separate
notice. ® This allows us to estimate the effect of removing infringing content (caused by
the takedown of parent repositories) on original contributions to fork repositories. The
econometric specification is an event study with all treated units based on the exogenous
random timing of takedown notices. We find a persistent decline in contributions to fork
repositories following a takedown of the parent repository. We interpret this finding as
evidence consistent with the “crowding in” hypothesis that reproduction on this platform
is most likely driven by the community preference, and enforcing the takedown policy is

therefore inefficient.

The rest of this paper proceeds as follows. The remainder of this section reviews the
related literature. Section 1.2 reviews the copyright law relevant for understanding the
content takedown policy and outlines notable legal cases of content takedown. Section 1.3
formally presents the model. Section 1.4 characterizes the laissez-faire equilibrium under
both the standard and community preferences and contrasts them with the equilibrium
resulting from the takedown policy, which forms the basis of the empirical hypothesis.
Section 1.5 describes the GitHub data and empirical strategies. Section 1.6 presents the

empirical results. Section 1.7 concludes.

®As mentioned in the literature review, platforms usually do not take an active role in checking the
validity of requests. The current design of DMCA does not give them an incentive to do so.



1.1.1 Literature Review

Despite its manifest importance and prevalence, there has been very little work on con-
tent takedown policy. Most of the anecdotes about its effect seem to suggest that the
DMCA takedown procedure removes more content than it should. Urban and Quilter
(2005) presents the first set of descriptive statistics on the notice and takedown process
based on the Lumen database. The authors found that corporations and business entities
were the primary senders of the notices, a majority of the notices were sent for compe-
tition purposes, one third of the notices were questionable regarding the validity of the
copyright infringement claim, and very few individual users responded with a counter-
notice. 7 Penney (2019) surveys 1,296 panelists with hypothetical scenarios on receiving
a takedown notice, indicating some chilling effects of the policy. Respondents broadly
reported being less likely in future not only to share the same content again, but also to
share content they themselves had created (72%). Only 34% said they would counter-
notice or challenge a takedown they believed was wrong or mistaken. None of the cited
empirical legal studies takes up the question what kinds of reproduction would have pre-
vailed in absence of the policy, and this is critical in answering whether such removal of
content is efficient or not from a social welfare perspective. This paper advances the liter-
ature by providing a framework for welfare evaluation of the takedown policy that serves
as a basis for empirical applications to different platforms. To the best of our knowledge,
this paper is the first to initiate a theoretical analysis of the takedown policy, and use the

theory as a guide for a welfare evaluation of the policy in an empirical setting.

This paper contributes to the nascent and growing literature on digital economy

within the large literature on copyright law. This literature consists of both legal case stud-

7In a follow-up study by Urban et al. (2017), the authors emphasize the role of automation in sending
complaints, and compare how the automated notices differ from the manual notices by small rightholders.
Seng (2020) compiles a larger dataset and shows more detailed statistics, questioning the validity of many
takedown notices, especially those generated by automated systems.
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ies and empirical economic research, with the key focus being the optimal enforcement of
copyright in digital platforms. The pioneering work of Lessig (2004, 2009) argues that the
expanded scope and overly broad interpretation of copyright law (e.g.,, DMCA) gives the
corporate interests an unbalanced power against individual online content creators. The
author advocates for balancing the incentive that comes from granting an exclusive right
against the burdens such an exclusive right brings on the users and the would-be inno-
vators. A similar position is shared by Benkler (2008) and Zittrain (2008), both of which
highlight the importance of an open and creative cyberspace and warn how DMCA might
threaten it. The empirical literature in economics can be classified into three categories:
(i) the revenue consequences of online copying, (ii) how copyright affects the creation of
new works, (iii) how copyright affects reuse and incentives to build on prior works (see
Waldfogel (2017) and Goldfarb and Tucker (2019) for an extensive review, and the refer-
ences therein). Most studies on (i) show that online copying displaces sales and reduces
revenue in many copyright-protected industries (Liebowitz, 2006; Rob and Waldfogel,
2006; Oberholzer-Gee and Strumpf, 2007), but research on (ii) shows that quality of the
content has not declined although copying is made easier by digital technology (Wald-
togel, 2012a; Waldfogel, 2012b; Waldfogel and Reimers, 2015). Stricter enforcement of
copyright, however, does appear to reduce incentives by others to build on copyrighted

work (Nagaraj, 2018).

Novos and Waldman (1984) and Johnson (1985) are two leading models of copying
and copyright, though their models exclusively focus on reproduction. Novos and Wald-
man (1984) consider a model where reproduction is costly and private, and they show
that copyright protection can increase social welfare by providing higher profits for pro-
duction, and perhaps surprisingly it will not decrease social welfare by restricting access

because users are expending more resources in copying than what would be incurred

11



if the good were purchased from the monopoly. ® Johnson (1985) consider reproduc-
tion with differentiated products and heterogeneous tastes, and his finding is in line with
Novos and Waldman (1984) that unlimited copying reduces social welfare and copyright
could enhance social surplus. Neither papers consider original contribution and its rela-
tion with reproduction as we did in this paper, which turns out to be important for the

welfare conclusion we can draw for the takedown policy.

This paper also closely relates to the literature of content provision on digital plat-
forms. The literature so far highlights the social motivation in content provision and
open source software (Lerner and Tirole, 2002, Lerner and Tirole, 2005a, Zhang and Zhu,
2011), illustrates the public good nature of open access platform (Johnson, 2002), and in-
vestigates the mixed oligopoly nature of competition between open access platform and
proprietary platform (Mustonen, 2003, Casadesus-Masanell and Ghemawat, 2006, Athey
and Ellison, 2014). Casadesus-Masanell and Ghemawat (2006) look at competition be-
tween the two forms of software in the presence of demand-side network externalities.
They show that, while competition from open access software may cause the proprietary
firm to lower its price, users may be worse-off from this competition as developers make
fewer applications compatible with the proprietary software. Mustonen (2003) examines
a model where the two platforms simultaneously compete for developers in the labor
market and the consumption market market. Most related is Athey and Ellison (2014)
who use a model of reciprocal altruism among open access users to examine competition
between commercial software and open access software. They show that when develop-
ers care about the altruism displayed by other developers through their contributions, a
“critical mass” hurdle needs to be passed for open access software development to oc-

cur. This paper features both a competing public goods model and community prefer-

8Even though Novos and Waldman (1984) did not analyze takedown policy explicitly, we could infer
from their proposition 2 and 3 that if reproduction cost is uniformly distributed, the maximum amount of
copyright protection is optimal.
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ence similar in spirit to the one outlined by Athey and Ellison (2014). However, the fo-
cus of Athey and Ellison (2014) is on understanding the competition dynamics, whereas
the key question we are interested in is the welfare effect of the takedown policy and
copyright enforcement, thus the co-existence of reproduction and original contribution
in user-generated content plays an indispensable role in our analysis in addition to the

competition between the two platforms.

1.2 Institutional Background

1.2.1 Open Access Movement

The notion of open access appeared before the digital age. With the spread of the in-
ternet and the ability to copy and distribute electronic data at no cost, the idea of open
access gained new importance. Open-access projects thrived at a time when major prob-
lems arose with the by-then dominant proprietary copyright model. Most commercial
software vendors provide users only with object or binary code, which is difficult for
programmers to interpret or modify.” At the same time, university librarians around the
world found themselves in the middle of a major problem known as the “serials crisis”
in which subscription costs for publications rose much faster than inflation for years. Li-
braries no longer had money to access all of the publications they wanted and were forced

to make difficult choices between journals.

Both the scale and formalization of open access and peer production expanded dra-

9Software can be transmitted in either source code or object code. Source code uses languages such

as Basic, C and Java. Object/binary code is a sequence of 0s and 1s that directly communicates with the
computer.
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matically with the widespread diffusion of the internet in the early 1990s. With the rapid
development of open-access projects, there was also the proliferation of alternative ap-
proaches to licensing that supported cooperative peer production. The Free Software
Foundation introduced a formal licensing procedure, called a General Public License, for
a computer operating system called GNU. In keeping with the philosophy of the orga-
nization that the software should be free to use, free to modify and free to redistribute,
the license aimed to preclude the assertion of copyright concerning cooperatively devel-
oped software.'? Alternative approaches in the same spirit include the Berkeley Software
Distribution (BSD) license and the Creative Commons license. These kind of licenses are
under the “copyleft” umbrella because if copyright seeks to keep intellectual property
private, copyleft seeks to keep intellectual property free and available. In the last few
decades, as the international rules on cyberspace went global, so did the development of
the open-access movement. Open source software has been developed in many parts of
the world: Linux originated in Helsinki, Ruby was developed in Japan, and Ubuntu hails

from South Africa.

1.2.2 Legal Framework

Copyright law provides protection for literary, scientific, and artistic works, giving cre-
ators the ability to control certain uses of their works. Copyright, in its current form, is
a bundle of two major rights: (i) the exclusive right to make and distribute copies and

(ii) the exclusive right for further derivative works.!! The first and foremost international

19Tn exchange for being able to modify and distribute GNU software, software developers had to agree
to a) make their source code freely available (or available at a nominal cost) to whomever the program was
distributed and b) insist others who used the source code agreed to do likewise. Furthermore, all enhance-
ments to the code—and even in many cases code that intermingled cooperatively developed software with
software developed separately— had to be licensed on the same terms.

11 A “derivative work” is defined as a work based upon one or more preexisting works, such as transla-
tion, musical arrangement, dramatization, fictionalization, motion picture conversion, sound recording, art
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agreement governing copyright is the 1886 Berne Convention, which required automatic
protection for all creative works in a fixed medium and enforced a minimum duration of
protection (at least 50 years after the author’s death for any work). The Berne Conven-
tion set up a bureau to handle administrative tasks, which later evolved to be the World

Intellectual Property Organization (WIPO).

To address the new challenges posed by digital technologies, particularly the dis-
semination of protected material over the internet, WIPO introduced what they referred
to as the “Internet treaties”. The “Internet treaties” aimed at setting international norms
of preventing unauthorized access to and use of creative works on the internet and any

other digital networks.

One of the most prominent “Internet treaties” is the WIPO Copyright Treaty (WCT),
effective in 2002. The WCT has broad coverage, dealing with protection for authors of
literary and artistic works, such as writings and computer programs, original databases,
musical works, audiovisual works, and works of fine art and photographs. The WCT
clarifies that existing rights continue to apply in the digital environment and also creates
new online rights. The WCT requires countries to provide frameworks of basic rights
allowing creators to control and/or be compensated for the various ways in which their
creations are used and enjoyed by others. Most importantly, the WCT ensures that the
owners of those rights continue to be adequately and effectively protected when their
works are disseminated through new technologies and communications systems such as

the internet.

Calling upon a concerted effort from all member nations to curb digital copyright

infringement, the WCT has attracted wide adherence, with 109 signatory countries. The

reproduction, abridgment, condensation, or any other form in which a work may be recast, transformed, or
adapted.
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Treaty does not by itself grant rights; rather, signatory countries implement the provisions
of the WCT through national copyright and intellectual property rights legislation. In the
U.S., such legislation includes the 1997 No Internet Theft (NET) Act, the 1998 Digital Mil-
lennium Copyright Act, and the 1999 Digital Theft Deterrence and Copyright Damages
Improvement Act. The European Union enacted the 2001 Information Society Directive.
China and India passed the 2010 Copyright Law Amendment and the 2012 Copyright
Amendment Bill, respectively. By design, the WCT allows reasonable flexibility in estab-
lishing exceptions or limitations to rights in the digital environment. Countries may, in
appropriate circumstances, grant exceptions for uses deemed to be in the public interest,
such as for non-profit educational and research purposes. In reality, countries vary in
their discretion in their commitment to the Treaty and their ability to enforce the legal

measures.

Digital Millenium Copyright Act

The DMCA provides a notice and takedown procedure for complaints about copyright
infringement, including (i) a takedown-notice procedure for copyright holders to request
that content be removed and (ii) a counter-notice procedure for users to have content

reenabled when content is taken down by mistake or due to misidentification.

DMCA takedown notices are used by copyright owners to ask GitHub to take down
content they believe to be infringing. Upon an initial investigation, the plaintiff prepares
and sends a takedown notice to GitHub. Assuming the takedown notice meets the min-
imum requirements of the DMCA, GitHub posts the notice to its public repository and

passes the complaint along to the affected user. > GitHub disables access to the defen-

12The minimum requirements include (a) identifying copyrighted works that are allegedly being in-
fringed, (b) claiming under penalty of perjury that the plaintiff owns the copyright to the original work,
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dant user’s content if (i) the copyright owner has alleged copyright over the user’s entire
repository or package; (ii) the user has not made any changes after being given an oppor-
tunity to do so; or (iii) the copyright owner has renewed the takedown notice after the

user had a chance to make changes.

Counter-notices can be used to dispute a takedown notice. If a user believes that her
content was disabled as a result of a mistake or misidentification, she may respond with
a counter-notice. GitHub posts it to the public repository and passes the counter-notice
back to the copyright owner. If a copyright owner wishes to keep the content disabled
after receiving a counter-notice, she needs to initiate legal action seeking a court order to
restrain the user from engaging in infringing activity relating to the content on GitHub.
If the copyright owner does not give GitHub notice within 10-14 days by sending a copy
of a valid legal complaint filed in a court of competent jurisdiction, GitHub will reenable
the disabled content.

copyright claim by Microsoft Corporation. —

Sory about that. & jimmikaelkael / ps3mca-tool « Public

Repository unavailable due to DMCA
takedown.

This repository is currently disabled due to a DMCA takedown
notice. We have disabled public access to the repository. The
notice has been publicly posted.

(a) an example of takedown in YouTube (b) an example of takedown in GitHub

Figure 1.1: Examples of Content Takedown in Major Digital Platforms

Notable Cases of Content Takedown

The tension between open access and commercial interests was first exemplified by the

UNIX litigation in the 1980s, when ATT began enforcing its (purported) intellectual prop-

and (c) demonstrating that the content on GitHub is unauthorized and infringing. GitHub exercises little
discretion in the process, and it is up to the parties (and their lawyers) to evaluate the merit of their claims.
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erty rights related to the operating system software UNIX, to which many academics
and corporate researchers at other firms had made contributions. Berkeley Software Dis-
tribution (BSD) was an open-source operating system developed by Bill Joy and other
researchers based on the Unix operating system jointly invented by American Telephone
& Telegraph Co. (AT&T) and UC Berkeley. In 1991, AT&T sued the University of Cali-
fornia at Berkeley for infringing copyrights on its Unix software, which the two parties
ultimately settled. The settlement required that anybody who uses the university’s Unix
software also must pay royalties to the company. The key creator of BSD Bill left Berkeley

and started his own operating system, Sun, which was later purchased by AT&T.

In 1997, MP3.com was launched by Mike Robertson to facilitate the sharing of new
music, and it was soon the internet home to many independent musicians. To recommend
new artists, MP3.com enabled users to insert their favorite CDs into their computer and
discover similar content. Five major labels headed by the Recording Industry of Ameri-
can Association (RIAA) filed a lawsuit against MP3.com. Controversially, MP3.com was
found guilty of willful infringement. A year later, one of the plaintiffs, Vivendi Universal,
purchased MP3.com. The RIAA employed the same strategy in suits against individual
users. The RIAA has sued more than 20,000 people suspected of distributing copyrighted
works and has settled approximately 2,500 of these cases (Electronic Frontier Foundation,

2007).

1.3 Theory: Model

Primitives. We consider a canonical model of mixed-motive platform competition where

one platform is a profit-maximizing entity, and the other platform is open-access to all
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users. '* The model features two kinds of agents: an institutional copyright owner and
a set of n users N. The owner develops a proprietary platform with amount of content
£ > 0 at cost c%, and its contents are distributed only for profits. '* Content in the open-
access platform comprises creations competing with those of the proprietary platform;
they are substitute goods. The platform is indivisible; that is, every user can consume at
most one platform. Every user is endowed with i units of numeraire consumption goods,
which can be used to purchase access to the proprietary platform, and I units of leisure,
which can be used to contribute to the open-access platform at the opportunity cost of

earning numeraire consumption goods.

An open-access platform relies upon user-generated content, and its output x* > 0
is determined by all users” contributions. There are two ways that a user can contribute
content to the open-access platform. The first method is to make any amount of original
contribution z{ at unit cost c. The second method is to copy any portion of the propri-
etary output from the owner and make a reproduction z} at unit cost cq, where g € (0,1)
is a scalar reflecting the difficulty of unauthorized use. We think of g as the extent of the
technological barrier to copying; the higher the extent of the barrier, the higher the cost of
reproduction.'® The cost of reproduction is always lower than the cost of original produc-
tion (i.e., g < 1), and the amount of individual reproduction is capped by the output of
the proprietary source, i.e., z; < % for any i. Furthermore, duplicates of reproduction do

not count as additional content, and only the highest amount of individual reproduction

13Readers can find examples of mixed-motive platform competition documented in 1.2, where platforms
can be source code repositories (e.g., UNIX vs. Berkeley Software Distribution) or online music archives
(e.g., Vivendi vs. MP3.com), Britannica vs. Wikipedia, etc.

14We assume that the variable cost of distributing a copy is zero. This assumption is reasonable in the
context of digital technology; see Goldfarb and Tucker (2019).

15The assumption that g is exogenous to individual users may appear reasonable enough to many read-
ers. In rare cases, the action of easing and removing technological barriers to copying does happen and is
called circumvention. However, unlike unauthorized use, circumvention is a criminal offense under U.S.
copyright law, and banning circumvention does not seem to be a controversial issue. In that case, we can
also think of g as a combination of the existing barriers and the extent of anti-circumvention enforcement
against copying.
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enters the production function. The production function of the open-access platform is

x* = Zz‘l’ +mlaxzf (1.1)
i
such that the total amount of content is the sum of all users’ original contributions plus

the maximum of all users’ reproduction efforts.

Timing. Figure 3.3 describes the sequence of events. The owner chooses £, and users
then generate open-access content x*. Upon observing the output of the two platforms,
the owner charges price t > 0, after which every user i € A independently and simul-
taneously chooses whether to use the proprietary platform, the open-access platform, or

neither of the platforms.

owner chooses £  users generate open owner charges every user i chooses:
access content x* apricet >0 proprietary x; = %,
open-access x; = x¥,
ornouse x; =0

Figure 1.2: The Timing of the Model

Payoffs. The institutional copyright owner cares only about profits I'ly. We start with
the benchmark assumption on user preference, which we call the standard preference.
The standard preference is one where a user derives satisfaction from her consumption of
the numeraire good y;, her leisure /;, and her consumption of the chosen platform content
x; € {&, x*,0},

ui(yil Zil xi) =Y + li + (P(xi)/ (12)

where ¢(-) is continuously differentiable, increasing, and concave in x with ¢(0) = 0.
However, this standard assumption on user preference cannot explain the rich content
users voluntarily provide on the internet. Here, we borrow from the behavioral and ex-

perimental literature in which the other-regarding preference is the leading explanation
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for public good provision (Charness and Rabin, 2002; Andreoni, 2006). In our context,
any such formulation must accommodate two crucial features grounded in empirical evi-
dence: (i) an open-access contributor directly takes the benefits to other open-access users
into account. ¢ (ii) The utility of an open-access contributor is increasing in the number

of other open-access users. 7

We propose one such formulation of the user utility function where conditional on
being members of the online open community, users care to varying degrees about the
total consumption of the open-access content; we call this preference profile the commu-
nity preference. The community preference of a user i € A is represented by the following

utility function U;(y;, I;, x):

Ui(yi, li %) = yi+ li+ ¢(xi) +6; D 9(x)1{xj; = x; = x*}, (1.3)
jeN

such that every individual derives satisfaction from her consumption of the numeraire

good y;, her leisure [;, her consumption of the chosen platform content x;, and similar

16There is plenty of experimental evidence on the effect of the social preference in public good provi-
sion (Andreoni, 2006; 2007). The empirical finding in Fershtman and Gandal (2007) and the simple fact
that open-source platforms establish hierarchies and are careful to credit contributors suggest that such
motivations are important. Open-access communities explicitly recognize and honor altruistic behavior.
Open-source platforms, for example, are scrupulous about keeping track of contributors, which reflects the
fact that giving authors credit is essential in the open-source movement. This principle is included as part
of the nine key requirements in the “Open Source Definition”. This point is also emphasized by Raymond
(1999), who points out “surreptitiously filing someone’s name off of a platform is, in cultural context, one of
the ultimate crimes.” This point is also emphasized in Lerner et al. (2006), where they conduct interviews
with open-source platform managers and SourceForge officials.

7Surveys of open-source participants indicate that programmers want to have an impact with their
contributions, much as academics do. They appear to enjoy being part of important platforms, especially
platforms that have a large user base. This suggests a relationship between altruism and the extent to which
code is helpful to casual users. Shah (2006) quotes one programmer on this: “Why work on something that
no one will use? There’s no satisfaction there.” Other supporting evidence includes that some programmers
report that they monitor discussions of features they have developed even though they rarely take part in
them. Lakhani and von Hippel (2003) similarly find, in a survey of forum participation in the Apache
project, that a desire for enhanced job prospects is only a weak driver, with the key drivers instead being
a desire to reciprocate for past help, a desire to promote OSS, or simply fun. In the context of Wikipedia,
Zhang and Zhu (2011) show that the number of other users on the Wikipedia platform, or the audience size,
positively influences the amount of editing. Gorbatai (2011) shows that experienced editors become more
active when observing prior edits by casual users, which signal an interest in the topic. Kummer (2013)
shows how exogenous shocks in readership lead to increased editing behavior on articles.
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users’ consumption of the open-access content x; if x; = x; = x*. Under the community
preference, a user gains more satisfaction if either there is more content in the open-access
platform or the size of the open-access community is larger. Users are heterogeneous in
their weights on community consumption, indexed by their social type 61 < 0, < ... < 0y,

and this is common knowledge.

The budget constraint of user i is y; = ¥ — tl{x; = £} + [ —I; — ¢z — cqz! such that
it balances the spending of the numeraire consumption good with disposable income,
consisting of after-purchase income and labor income. Let y = Z]-E v {x; = x*}. Given

other users’ choice, the end-node payoff of user i’s is thus

Y+14+ () —t—cz0 —cqz! if i chooses the proprietary platform,
Ui = 741+ ¢(x*) + 0up(x*) — cz? — cqz!  if i chooses the open-access platform,
y+1—cz?—cqz! otherwise.

Note that the option of no use is dominated by the use of open access.

Strategy and Solution Concept. In this game, the owner’s pure strategy is a tuple
(%,t(%, x*)), where the pricing strategy f(£, x*) is a complete contingent plan that picks

the competition price for every history of the total contributions x*, and user i's pure

strategy is a triple (z9(%),z/(%), x;(£,x*,t) where a contribution plan is a function that
picks the pair of original contribution and reproduction for every history of proprietary
output £, and a consumption plan is a function that picks whether and which platform to
use for every history of the outputs of the two platforms and the price. We use the (pure

strategy) subgame perfect Nash equilibrium as the solution concept.

Definition 1.1. A strategy profile {(%,t(%,x*)), (29(%), 2} (%), x;(%, x*,t))icnr} is a subgame

perfect Nash equilibrium such that
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i) Foranyie N, user i chooses x;(%, x*, t) to maximize her payoff.

ii) Foranyie N, (z0(%),z}(X)) is a best response to (z;?(a?),z]r-(a?))#i.

iii) The owner chooses (%, t(%, x*)) to maximize his payoff.

Content Takedown Policy. The takedown policy is modeled as a zero quantity con-
straint on the total amount of reproduction. Under the takedown policy, the definition of
an equilibrium remain the same except that the constraint ) ; zf = 0 is added. The take-
down policy increases welfare if it increases the total surplus, i.e., ITo + >, Ui(y;, 1i, ),
subject to the constraints that the allocation {y;, I;, x;}icpr can be implemented in the equi-

librium.

1.4 Theory: Policy and Equilibrium Analysis

In this section, we characterize the social planner’s solution, and the subgame perfect
Nash equilibrium with and without the takedown policy for standard preference and
community preference. We compare the welfare effects of the takedown policy under
the two preference profiles, which hinges critically on which kind of reproduction would

have prevailed in absence of the takedown. All proofs are delegated to the appendix.

1.4.1 Standard Preference: Inefficiency of Equilibrium

Denote u as the number of open-access users, and consequently n — y is the number of

proprietary users. Under the quasi-linear preference, any efficient allocation must maxi-
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mize aggregate surplus. The planner’s problem is thus

_omax  (n—p)e(R) + pe(x*) —ck —c 3z — (cq) 3z
X,(Z?,Z?,xi)iej\/
s.t. x* = max; zl + 3,27,
x>0,
z; =20,z 20 Vi,

z; X Vi

N

The three constraints are the feasibility constraints described in Section 1.3.

Define the inverse function of ¢’(-) as ¢(-). A feasible allocation {£, (z?,z}, x;)ienr} is

efficient if and only if 18

o c . . c .
either X = O,Zz? = (,‘b(;),xi =x"ort = 4)(;),22? =0,x; =%, (1.4)
1 1

zi =0 VieN. (1.5)
To interpret, condition 1.4 states that the planner is indifferent between having all the
users to use the open-access platform or to use the proprietary platform instead. In either
case, the planner provides the efficient level of content by Samuelson rule (sum of the
marginal benefits equal to the marginal cost) on that platform, and sets the content on
the other platform to zero. Condition 1.5 says that in both cases, the efficient allocation
involves no reproduction since reproduction is duplicating the cost of production without

increasing the utility of any user, thus a waste of resources.

The market equilibrium under standard preference, however, is such that there is

18We assume ¢/(0) > < such that the planner always find it optimal to produce a positive amount.

Otherwise, the problem becomes uninteresting.
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always reproduction. The equilibrium can be solved by the standard technique of back-
ward induction. At the final consumption stage, given the outputs of the two platforms

x* and £, and the price ¢, a user will choose the proprietary platform over the open access

if 19

P(x*) < @(2) —t = t < @() — p(x7). (1.6)

The availability of a substitute platform not only gives users more options but also disci-
plines the pricing of the copyright owner. The maximum price the owner can charge is
the gap of user value between the two platforms. Given % and x*, the owner’s optimal

pricing problem is as follows:

Since the users are homogeneous, the owner either gets all users to accept the offer or
none of the users. If (%) < ¢(x*), any positive price is not incentive compatible and

t = 0. The profit-maximizing price in competition is t = max{¢p(£) — ¢(x*),0}. %

Contributions of users are contingent on which platform they will use. If user i is a

proprietary user, given t > 0, her objective function is

max[g(2) — 1] — cz? — (cq)2} = max p(x*) — cz! — (cq)2]
2.2 22

We make the tie-breaking assumption that whenever a user is indifferent, she will choose the pro-
prietary platform. Otherwise, the price can always be € lower to make the user choose the proprietary
platform.

201f t is such that the inequality is strict, then the owner can always raise ¢ to t + ¢ and earn a higher
profit. Therefore, the constraint is binding if and only if ¢ > 0.
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The motivation behind the contribution made by the proprietary user is selfishness. A
proprietary user contributes to limit the price that the owner can charge, such that she
gets a better bargain with the owner by engaging in unauthorized copying. An open-
access user, on the other hand, contributes for her subsequent enjoyment of the open-

access content. If user i is an open-access user, she will solve

max p(x*) —czf — (cq)z]

It so happens that under standard preference, the two objective functions are the same
because the owner is able to extract all the rents from the users. Therefore, given £, user i

will solve the following optimization problem

r;lgx @(x*) —cz) — (cq)z}

s.t. x*

= max{z], maXx;; z]r.} + 2] + 2 z}?
z; 20,27 =20
zi < X
Comparing with a typical public good game, there are two noteworthy differences: (i) a
strategy of a user involves a choice of the platform in addition to the amount of contri-

butions, (ii) the amount of contribution is a two-dimensional decision because a user has

access to the cheaper technology of contributing a reproduction.

In Appendix B, we prove lemma 1.2 that in equilibrium there will be a unique user
i* that reproduces a positive amount, and which user is i* is indeterminate. It is a result of
the fact that the production function of open access only takes the maximum amount of all
reproduction efforts. Intuitively speaking, if another user reproduces a lower amount, she

would be better off not reproducing. If another user reproduces a higher amount, then

26



i* would not reproduce. This lemma is a reminiscent of the pure strategy equilibrium
in games of volunteer dilemma where one volunteer is sufficient for the provision of a

public good.

Let A" be the Lagrange multiplier on the feasibility constraint of reproduction z} < £.

An optimal (z],z7) has to satisfy the following conditions:

QDI(Z?—FZZ;?—{—Z") =corzi =0 (1.7)
J#i
@' (2! +Zz}’) — AN =cqorzi =0 (1.8)
j

The two conditions are first order conditions of original contribution and reproduction
respectively. In Appendix B, we prove lemma 1.3 that the optimal amount of user’s re-
production either copies the entire work or balances the marginal utility of providing
open-access content with the replication cost, i.e., z/ = min{%,z"(q)} where ¢'(z"(q)) = cq
for i = i*. However, the pirated content crowds out any incentive to contribute original
content as the self-interested users already reach their sanitation point by the cheaper

technology of reproduction.

The owner chooses the output of the proprietary platform to maximize profits

maxz(n — u)t — cx

s.t. t = max{¢(%) — ¢(x*),0}

A

< maxz {2 > x*(£)}n[e(%) — p(x*(X))] — c%

The profit function depends critically on whether the proprietary platform has higher

amount of content than the open-access platform.
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Figure 1.3: Equilibrium under Standard Preference

Figure 1.3 depicts a graphical illustration of the equilibrium under standard prefer-
ence. It plots the marginal benefit and marginal cost of contribution as a function of the
amount of content x in the open-access platform. Because of the concavity of the ¢(-)
function, the marginal benefit curve decreases as contents accumulate. The curve has a
blue portion for x < £ representing the marginal utility when the user is a proprietary
user, and a red portion x > £ representing the marginal utility when the user is an open-
access user. The horizontal lines cq; and cg, represent two replication costs that lead to
two different scenarios. Suppose the replication cost is at cq;, the horizontal line crosses
the marginal benefit curve at a point beyond £, meaning that the user will copy the entire

proprietary output, and consequently the owner has no incentive produce anything on

1
n

the proprietary platform in the first place, i.e., £ = 0. This case generalizes to all 4 <
such that if copying is extremely easy, reproduction crowds out proprietary output. The
owner produces no content, and there is severe under-provision in the open access. Sup-
pose the replication cost is at ¢, the equilibrium amount of content x* is identified by the
intersection of the marginal benefit curve and the replication cost line. To see why x* is an
equilibrium, notice that at cost cg, the user can always increase the amount of reproduc-
tion incrementally without hitting the £ cap, and consequently the user has no incentive

to contribute any original content as she can always substitute original contribution with

cheaper reproduction. This case generalizes to all g > % such that if the cost of copy-
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ing is bounded below, reproduction crowds out original contributions. The proprietary

platform has superior amount of content, and the open access platform only contains an

<

£) =% Asn — o, the

inferior copy of the proprietary output, i.e., x* = z" = ¢(cq) < ¢(

first case becomes unimportant, and the only relevant case is the second one.

Proposition 1.1. Under standard preference, the market equilibrium is inefficient for g € (0,1).

The inefficiency of the market equilibrium comes from the fact that reproduction
is an unproductive and wasteful investment into evading barriers. In absence of social

preference, the free-riding problem is severe for public good provision.

1.4.2 Standard Preference: Takedown Policy

Let us now consider how a regulatory authority guided by copyright law can intervene
to improve efficiency of the content platforms. Since reproduction is the source of inef-
ficiency, it appears sensible that the takedown policy should target at reproduction by
removing all the pirated content of the open-access platform. Under the content take-
down policy, the total amount of reproduction will be pushed to zero, i.e., z; = 0 for all i.

Accordingly, user i’s optimization problem changes to

H;?X P(x*) —czf

* __ ~0 0
st X" =27+ 25 7]

z? = 0.

User-generated content becomes a typical public good game, and the free-riding problem

of under provision rightfully applies. Following the steps in the last subsection, we can
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show that the takedown policy results in a new equilibrium where the owner provides
the Samuelson level of content (i.e., £ = ¢()), users strategically invest in original open-
access content to avoid higher price (i.e., x* = ¢(c)), and all users use the proprietary
platform (i.e., x; = £). Comparing the social welfare of the policy-induced equilibrium

and that of the market equilibrium, we conclude

Proposition 1.2. Under standard preference, the takedown policy increases welfare.

The removal of reproduction has two effects on the equilibrium: (i) the profits
of the copyright owner increase, (ii) original contributions increase, >}, z¢ = ¢(c) >
max{¢(c),0}. Since the profits motivate the owner to provide higher amount of content,

both effects are welfare-improving.

In fact, under standard preference, one of the social planner’s solutions is achieved
if we ban the open-access platform completely, even though that makes the proprietary
platform a monopoly. Suppose the proprietary platform is a monopoly, let the price be ¢,

a user will pay for the platform if t,, < ¢(%). The owner’s profit maximization problem is

max (n— p)ty, —ck
2t

st. tn < @(%)

It is easy to see that the profit-maximizing monopoly price is t,, = ¢(%), and the amount
of content is £ = ¢(£), which coincides with the efficient level by Samuelson rule. There
is no monopoly distortion because users are homogeneous. Although the monopoly so-
lution is efficient, it has undesirable distributional consequence as the copyright owner
extracts all the rents from the users. The takedown policy, in this extreme form, can be
viewed as assigning full property rights to the copyright owner, and this efficiency result

can be understood as an application of the Coase theorem (Coase, 1960). Coase theo-
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rem states that if property rights are clearly specified and there are no transactions costs,
bargaining will lead to an efficient outcome. Likewise in our model, the owner internal-
izes the positive spillover effects of the proprietary content to all users through monetary
transfers. The difference is that to which party the property rights are assigned to is im-
portant in our model. Suppose we assign property rights to a group of users, they will not
contribute up to the Samuelson level as open access does not allow them to internalize
the marginal social benefit via transfers. Property rights thus solve the “missing market”
problem of public good provision under standard preference. From the perspective of
transaction cost economics, the transaction cost within a group of users is high, whereas
the transaction cost with a single copyright owner is low. Assigning full property rights

to the owner is an institution that minimizes the transaction cost.

1.4.3 Community Preference: Equilibrium

This sub-section examines the implications of community preference for reproduction
behavior and the market equilibrium. We will delegate the discussion on social planner
problem to the next sub-section. The current model is flexible enough to allow for pre-
dictions on all three possible outcomes of the mixed-motive platform competition: (i) the
proprietary platform dominates and all the users choose the proprietary platform, (ii) the
two platforms coexist and the users self-select into them respectively based on their types,
(iii) the open-access platform eliminates the proprietary platform and all the users choose
the open-access platform. Nevertheless, (iii) distinguishes itself from the other two by
having positive and substantial original contributions that outperforms the proprietary

output.

Recall y is the number of users that choose open access. User i will pay for the
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proprietary platform instead of using the open access if

@(%) —t = @(x*) + Oipg(x™). (1.9)

Contrasting with equation 1.6, the community preference gives rise to network effects
where a user’s content consumption decision depends on how many users are using the
open-access platform. Given a price t, users will self-select into the two platforms de-

pending on 0;.

Equation 1.9 leads us to three cases of the content consumption stage. If x* > £, then
u=n.If x* < % and pu = 0, then the analysis is similar to that of standard preference, and

t < @(®) — @(x*). Suppose x* < £ and y > 0, the above equation can be written as

< any—&-l

This inequality states that users whose types are below the cutoff will choose the propri-
etary platform, and users whose types are above the cutoff will choose the open access
platform. Figure 1.4(a) plots this inequality in relation to u taking the price t as given
where the hyperbola of y is the term in the middle, and the step function is the type 0;
ordered from the highest to the lowest. The equilibrium y is a solution of the fixed point
equation, which can be identified as the intersection of the hyperbola and the step func-
tion. In the graph, there are three fixed points: 4 = 0, p = 3, and y = 4. Each of them
is a possible outcome of self-confirming rational expectation. For example, suppose the
user with 60, joins the open access, the value of the hyperbola will be lower with a larger
size of community y = 4, which makes it indeed optimal for 6, to join. Suppose instead
the user with 6, does not join the open access, the value of the hyperbola will be higher

with a smaller size of community y = 3, which makes it indeed optimal for 6, not to join.
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Figure 1.4: Optimal Price and Equilibrium Content Consumption

Figure 1.4(b) varies the price t and plots the possible equilibrium number of open-access
users y as a correspondence of the price t. Consistent with figure 1.4(a), a price ¢ corre-
sponds to three candidate y, including y = 0, a smaller positive y, and a larger positive
#. A higher price has two offsetting effects on the owner’s profits: as t increases, it in-
creases the per-user revenue but pushes more users to choose open access. Thus, there is

an interior optimal price given the outputs £ and x*.

The owner’s profit can be written as a function of y, and the owner’s pricing prob-

lem can be recast as equivalently choosing y as follows:

max (n—pu)t(p)
pel0,n]

st H(p) < (%) — p(x*) — pbu_pup(x*).

Denote the solution to the problem as u(x*), and p(x*) must satisfy the first order condi-
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tion

L 4+r(p(x) —r(p(x") + D]p(x") < @(2) < [T +r(p(x") = 1) —r(p(x"))]o(x"),

where r(pu) = p(n — p1)0,—,. The above optimality condition states that y(x*) is optimal if
moving from p(x*) — 1 to p(x*) strictly increase profits (by charging a higher price) and
moving further from p(x*) to u(x*) 4+ 1 does not. We have now derived the equilibrium

number of open access users and equilibrium price given x*:

-

(L p(#) ~ (1+20,-1)9(x") i 9(x*) € (r:065 2wy T
(2,9(2) = (1+36,2)p(x")) i 9(x*) € (75 Tro)

| (1,0) if o(x*) > ol = (%),

As the open-access content x* increases, higher-type users will be attracted to use the
open-access platform, which forces the owner to focus on the lower-type segment of the
users. As the open-access option becomes more attractive, the optimal price charged for

the remaining proprietary users has to be lower.

The consumption stage implies two different objective functions for user-generated

content. If user i is a proprietary user, given t > 0 and {z]r., zjo. }j=i, she will solve

maxy -0 (%) — t = cz] — (cq)z]

g maxzf,z?[(l)(x*) + 9n—y(x*)]’l(x*)q)(X*)] - CZ? - (CQ)Z;

Observe that the objective function of a proprietary user is a concave function. As x*

goes higher, the price the owner can charge is increasingly constrained, and the return to
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marginal reproduction for a proprietary user gets smaller. Because of that, contributions
of a proprietary user is decreasing in others’ contributions. If user i is an open access user,

given {Z]’-, z?’ }ji, she will solve

max [@(x*) + Oip(x*) p(x*)] — cz] — (cq)z]

We know that p(x*) is increasing and convex in x*. We prove in Appendix B that the
objective function of an open access-user, given 6; > 6,_, is instead a convex function.
Intuitively, a marginal contribution to open access not only increase its user value but also
attracts marginally more users into the platform, which raises the marginal utility of con-
tribution for an open-access user. As individual contributions become higher, even more
users find the open-access platform attractive, which further increases the marginal util-
ity of contribution. When all the users join the open-access platform, the marginal utility
of contribution for an open-access user reaches the peak. Because of that, contributions of

an open access user is increasing in others’ contributions.

Given £, user i’s optimization problem is as follows:

max - maxe {6t (x*) (%), 0y (e (") @(x7)} + @ (") — c27 — (eq)z}
s.t. xX* = max{z], maxj,; 2;} + 2 + 3. 2]
z; 20,z 20

zi < %

Comparing with the users” optimization problem under standard preference, the criti-
cal difference under community preference is that the sub-objective of an open-access
user diverges from that of a proprietary user. Accounting for the self-selection into plat-

forms, the user’s objective function is thus the maximum of the two sub-objectives, and
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an optimal plan has to compare the utility of choosing open access and contributing as an
open-access user with the utility of choosing proprietary and contributing as a proprietary

user.

Denote MB(x) as the marginal utility of contribution for a proprietary user x; = £,
and MB*(x) as the marginal utility of contribution for an open access user x; = x*. By
lemma 1.2, we know there exists a user i* such that z; > 0 for i = i* and z = 0 for any

i # i*. An optimal (z[,z{, x;) has to satisfy the following conditions:

1{x; = x*}MB*(z{ + Zz;’ +72") + 1{x; = £}MB(2¢ + Zz;’ +z')=corz; =0, (1.10)

ji i
Ux; = x*}MB*(z] + sz) +1{x; = £} MB(z} + sz) — A =cqorzi =0, (1.11)
Ui(z,z7,x*) = Uj(z], 27, %) if and only if x; = x¥, (1.12)
MB*(x) = ¢'(x) + 0i[u(x") ' (x) + ' (x") p(x))], (1.13)
MB(x) = ¢/(x) + [r()¢/ (x) + 7' (x) p(x)]. (114)

Condition 1.10 and 1.11 are first order conditions of original contribution and reproduc-
tion respectively, taking into account the fact that the marginal benefit of contribution
varies with the platform choice of user i. Condition 1.12 disciplines the sequential ratio-
nality of the users, which states that if user i chooses the open-access platform, the com-
plete plan of choosing and contributing to the open-access platform gives her a higher
utility than the complete plan of choosing the proprietary platform and contributing to

the open-access platform.

In Appendix B, we show that given £, a reproduction and consumption scheme
{z], xi}ien is characterized by a triple (i*,z", ) where i* is the unique user who repro-

duce a positive amount, z" is the amount of her reproduction, and u is the number
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of open-access users. Define %(6;, i, c) as the individual satiation level of the amount
of content such that equation 1.10 holds with equality for an open-access user i, i.e.,
(14 0up)¢'(%(6n,n,c)) = c. Itis easy to show by implicit function theorem, %(6;, i, c)
is increasing in 0 and y, and decreasing in c. A key quantity is %(0y, 1, ¢), the ideal level

of the highest-type user given all the users choose the open-access platform.

MB, MC

P o N = \N ......... \
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1
1
1
1
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I
x* X %

Figure 1.5: An Equilibrium of Content Duplication under Community Preference

Figure 1.5 and figure 1.6 extend 1.3 to graphically illustrate the equilibrium under
the community preference. Similar as before, the solid blue curve represents MB(x), and
the solid red curve represents MB*(x). The red curve consists of segments of a family of
curves (1 + 0;u(x*))¢’(x) with curve of p(x*) + 1 on top of curve of u(x*), and it jumps
at each x where u(x*) is increased to y(x*) + 1. Figure 1.5 demonstrates an equilibrium
of content duplication (i.e., x* < £) if community preference is weak (i.e., (6,,1,¢) < £).
Suppose the strength of community preference is such that given all the users join the
open-access platform, the ideal amount of the highest-type user does not go beyond the
proprietary output i.e., ¥(0,,1,¢) < %, then it must be that no user would contribute
any original content because reproduction is always feasible and at a lower cost. Thus,
the equilibrium amount of content x* can be identified by the intersection of the MB*(x)
curve and the replication cost line. In this case, reproduction crowds out original contri-
butions, low-type users (i.e., §; < 8,—,) choose the proprietary platform, and high-type

users choose the open-access platform (i.e., 6; > 6, ;11).
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Figure 1.6: An Equilibrium of Content Expansion under Community Preference

However, if community preference is strong enough (i.e., ¥(6,,,n,c) > %), the equi-
librium changes dramatically to an equilibrium of content expansion. Figure 1.6 demon-
strates this equilibrium. In this equilibrium, the reason for reproduction changes: re-
production is a cost-saving way to attract users toward open access, which motivates a
higher amount of original contributions beyond £. Reproduction induces the marginal
type to choose open access, and expands the size of the community at low cost. As more
people join the community, marginal utility of original contributions increases, which
leads the highest-type user to contribute beyond the proprietary output and closer to the
(modified) Samuelson rule, an amount she otherwise would not find incentive compatible
without such reproduction. Thus, the equilibrium amount of content x* can be found at
the intersection of the MB*(x) curve and the original-contribution cost line. In this case,
reproduction crowds in original contributions, and all the users choose the open-access

platform (i.e., u = n).

The above analysis leads to the following simple characterization of the open-access

content provision.
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Proposition 1.3. Given %, user-generated content in the open-access platform is

in{x,%(0,, u,c ifx(0,,n,c) <X,
() = min{%, ¥(0n, 4, cq)} if X( ) (1.15)
%(0y,n,c) if %(0p,m,c) > %.

The profit-maximization problem of the copyright owner now faces a strategic pro-
duction constraint: he can earn a positive profit only if £ > %(6,,n,c). If the constraint
is not binding, he will choose £ to balance the revenue and the cost. If the constraint is
binding, he has to make strategic investment in additional proprietary content as a re-
sponse to the entry of the open-access platform. The owner has no option but to exit the
market if ¥(0,, 1, ¢) is high enough such that the content expansion leads to zero profit of
the platform. Formally, a critical threshold @ is defined by the zero-profit condition of the

owner TTy(%(8,7,c)) = 0. The equilibrium proprietary content is then

max{a?(()n,n,c),cp(nfy)} ifo, <80,

0 ifo, > 0.

=
Il

The existence of a content expansion equilibrium hinges on (i) the community preference
of the highest-type user, (ii) the self-confirming belief of the users, as shown by the fol-

lowing proposition.

Proposition 1.4. Under community preference, x* > % if and only if 8, > 0 and x; = x* for

some 1.

Proposition 1.4 states that the market equilibrium is one of content expansion if
and only if there is at least one user of the open-access platform, and the the community

preference of the highest-type user lies above the threshold #. For any distribution of
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(61,...,60n), x; = % for all i is a self-fulfilling equilibrium. If no users expect others to
use the open access, they will be poorly motivated and only contribute reproduction to
the open-access platform. With little content, the open-access platform cannot attract
any user and end up with zero user participation. If instead x; = x* for some i, as we
have seen above, the market equilibrium will be one of content duplication if 8, < @
and one of content expansion if §, > . As we shall see next, enforcing the takedown
policy has different welfare implications depending on whether the market is in a content

duplication equilibrium or a content expansion equilibrium.

1.4.4 Community Preference: Takedown Policy

There is a debate on whether we should include social preference into the social welfare
function. The clear argument for inclusion is that this is the preference that determines
behavior and therefore they should be respected by a social welfare evaluation. Argu-
ment for exclusion makes a distinction between utility terms that individuals experience

and utility terms that motivate their decisions %!

. Without the community preference
component, social planner’s solution is characterized by condition 1.4 and 1.5. Including
the community preference component, social planner’s solution still requires condition
1.5 such that the efficient level of reproduction remains zero. However, providing con-
tent through the proprietary platform is no longer efficient because it fails to generate the
social utility of a community. The open-access platform has a salient role because of com-
munity preference, and the efficient level of content follows the modified Samuelson rule
internalizing the other-regarding parameter across users (i.e., > ;z) = (p(m)).

For our sake, we do not need to make a value judgement here, as our welfare conclusion

on takedown policy is robust under both assumptions on social welfare functions.

21Gee Diamond (2006) for a discussion
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Once we impose the takedown policy constraint (i.e., z; = 0 for all i), user i’s opti-

mization problem becomes

max  maxy, {0ip (x*) (%), Oy (o)1 (x*) @ (x7)} + @ (x¥) — czf

* __ ~0 0
s.t. X' =2+ 24 7]

27 =20

The takedown policy can lead to the same equilibrium as that under standard preference

where £ = ¢(£),x* = ¢(c),x; = £. This equilibrium remains self-fulfilling: the little
content provision on the open-access platform, resulting from zero user participation,
confirms the belief that there is no open-access users in equilibrium. However, it can also
lead to equilibrium with positive number of open-access users. If x; = x* for some i, we
can derive a similar threshold 6 above which the open-access platform outperforms the
proprietary platform under the takedown policy, and as we show in Appendix B, 8 > 8.
Figure 1.7 depicts the effect of content takedown in relation to the strength of the com-
munity preference 6, by comparing the market equilibrium before the takedown and the
policy-induced equilibrium after the takedown. If 8, € [0,8], the proprietary platform
outperforms the open-access platform for both equilibria (i.e., x* < £), and original con-
tributions would increase in response to the removal of reproduction because the market is
in a content duplication equilibrium. If 8, € (8, 6], the open-access platform outperforms
the proprietary platform only before the takedown, and original contributions would de-
crease in response to the removal of reproduction because the market is in a content ex-
pansion equilibrium. If 6, € (6, 1], the open-access platform outperforms the proprietary
platform for both equilibria (i.e., x* > %), and original contributions would not change in

response to the removal of reproduction because 6, is so high that the optimal plan of an

open-access user is unaffected by the cost-saving technology of reproduction.
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Figure 1.7: Community Preference and the Effect of Takedown

The welfare consequence of the takedown policy is determined by the prevailing
equilibrium in absence of the policy. If the market is in a content expansion equilibrium,

content takedown reduces welfare, as shown by the following proposition.

Proposition 1.5. Under community preference, the takedown policy decreases social welfare if

and only if x* > X in the market equilibrium.

Since reproduction crowds in original contributions in a content expansion equilib-
rium, the takedown policy discourages users’ participation in open access platform, and
thereby takes away the incentive for the high-type users to make original contributions.
The removal of reproduction still secures higher profits for the copyright owner to pro-
vide content, but in the meantime it suppresses original contributions by forcing users
toward proprietary platform. The second effect outweighs the first effect, and enforc-
ing the takedown policy strictly decreases welfare by leading to a contraction of content

provision.

We conclude this section by summarizing our main theoretical results. Under stan-
dard preference, the takedown policy increases welfare by cutting wasteful investment
and restoring the owner’s incentive to create. Importantly, reproduction crowds out
original contribution in equilibrium, and original contribution would increase once re-
production is removed. Under community preference, there remains the self-fulfilling
equilibrium of zero open-access users. But when community preference is strong, there is
another subgame perfect Nash equilibrium with substantial original contributions and all

users’ participation in open access. In this equilibrium, reproduction crowds in original
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contribution, and original contribution would decrease once reproduction is removed.
If this equilibrium is the one that would have prevailed, the takedown policy decreases
welfare by forcing users to use the proprietary platform and in effect deterring original
contributions. The theory gives us competing hypotheses on the welfare effect of the
content takedown. It guides us to examine how the content takedown affects original

contributions to the platform, which forms the basis of the following empirical section.

1.5 Data Description

In this section, we apply our analytical framework to study program developers’ repro-
duction and contribution behavior in GitHub, the largest online host of open-source code
and repositories in the world. We focus on whether the takedown policy on unautho-
rized content should be strictly enforced on this platform. The difficulty of this welfare
evaluation is that we cannot observe the distribution of the community preference or
which equilibrium prevails in absence of the policy. In fact, even if such survey data were
available, we would worry about bias in self-reports. Our theory provides guidance for
overcoming this difficulty by presenting competing hypotheses for an empirical test. The
“crowding out” hypothesis states that if the takedown policy increases welfare, it must
be that reproduction is selfish and crowds out original contributions. Therefore, given
an exogenous removal of user j’s reproduction, we should observe an increase in user i’s
original contribution. The “crowding in” hypothesis states that if the takedown policy
decreases welfare, it must be that reproduction is community driven and crowds in orig-
inal contributions. Therefore, given an exogenous removal of user j’'s reproduction, we

should observe a decrease in user i’s original contribution.
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Founded in 2008, GitHub is an online platform hosting open-source code and repos-
itories. By 2015, GitHub reported over 9 million users and over 20 million repositories,
making it the largest host of source code in the world. GitHub is a collaborative code-
hosting site built on top of the Git version control system. Users can have three possible
roles: administrators/owners, contributors, and testers. An owner initiates and tracks
the development of a repository, and contributors can make commits to the repository
that improve its content. A commit is a collection of several lines of codes that adds to
the functionality of a program. The owner can then review the codes for correctness and
complicity with standards and approve the commits by merging them into the codebase
of the repository. In addition to code hosting, collaborative code review, and integrated
issue tracking, GitHub integrates social features. Users are able to subscribe to informa-
tion by “watching” projects and “following” users, resulting in a feed of information on
those projects and users of interest. Users also have profiles that can be populated with

identifying information and contain their recent activity within the site.

The institutional feature that relates two users’ contribution is the forking function
of GitHub. A fork repository is a copy of its parent repository, and it contains both the
content of the parent repository and its own newly added content. Any repository can be
forked. Most commonly, forks are used to build upon another user’s project for one’s own
project. Users can make changes to their forks without affecting the parent repository, but

changes to the parent repository usually update their part in the forks.

The major treatment variable is the DMCA takedown notice. Such notices arrive in
a staggered and unanticipated fashion, allowing us to employ an event study design. The
key institutional feature of GitHub’s protocol for processing takedown requests is that
GitHub automatically disables the content of a parent repository. Two sources of varia-

tions in copyright law are explored to explain variations in open-source behavior includ-
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ing the number of repositories shared and coding contributions: the timing of DMCA
takedown notice and the longitudinal software piracy rate of countries participating in
the WIPO Copyright Treaty. The goal of the empirical section is twofold: (i) test the im-
plications of the theory and support the relevance of the model and (ii) provide evidence

suggesting that the current copyright law discourages open-access activities.

Data on GitHub users” behavior is obtained from the GHTorent project (Gousios
(2013)). GHTorrent is an offline persistent mirror of GitHub’s event streams, including
all user events, such as commits, comments, and pull requests. It uses the GitHub API to
collect raw data and extract, archive and share queryable metadata. The GHTorent toolset
allows retrieving the full history of a single project and the full list of actions for a single
developer, which makes it popular in the software data mining community. In particular,

we have raw data on which user commits to which project at what time.

We begin with the 2016-01-18 dump. In processing the data, several key decisions
are made. Git commits contain information about both the author (the person who origi-
nally changed the code) and the committer (the person who last applied the change), each
with their own timestamp. The two are not necessarily one and the same person (e.g., they
can differ when someone rebases or cherry picks a commit). In this paper, we consider
only commits that record the same person as both the author and committer (97.8% of the
commits in our dataset) and record the date at which a commit was authored (rather than
committed). In addition, Git allows commit metadata, including the authorship date, to
be overwritten. For instance, commits with 1969-12-31 or 2050-07-18 timestamps under-

went such a history-rewriting process. We excluded these observations.

Using the methodology described above, we assembled a panel dataset of GitHub

users in which each observation contains the user’s time-invariant characteristics and the
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user’s GitHub activities in several dimensions for each month upon registration. The
main individual characteristics are the location of the user’s I address (from which na-
tionality is inferred), the registration time, the user’s preferred programming languages,
the user’s company affiliation, and whether the user is an individual account or a group
account. The activities observed over time are the number of unique commits made by
the user, the number of repositories shared by the user, the user’s cumulative number of

followers, and the total number of watchers for each repository the user shared.

Variable/Year 2008 2009 2010 2011 2012 2013 2014 2015
Number of repository 0.10 0.23 0.77 1.65 1.88 2.05 2.23 2.55
per user 0.72) (1.03) (2.02) (3.34) (3.62) (3.99) (4.38) (5.72)
Number of forks 11.67 13.52 14.68 13.04 11.86 11.47 11.01
per repository (5.87) (10.74) (24.73) (12.91) (7.30) (5.58) (4.31)
Number of commits 94.82 66.61 44.54 28.54 23.72 16.43 15.84 15.28
per repository (433.71) (462.16) (350.67) (195.62) (150.28) (77.51) (103.27) (159.43)
Followers 0.94 1.36 2.24 2.84 1.93 0.47 0.52 0.16
per user (9.11) (11.75) (28.12) (66.20) (50.38) (34.10) (40.21) (20.47)
Watchers 0.63 1.21 3.74 3.26 5.62 8.47 10.91 14.78
per repository (30.28) (53.81) (74.02) (45.14) (77.17) (97.34) (120.66) (180.62)
Proprietary software 60.79 60.83 60.33 59.82 58.89 57.66
piracy rate (21.00) (20.99) (20.96) (21.33) (21.56) (21.74)
Number of countries 104 106 106 106 106 106

Table 1.1: Summary Statistics of the GHTorrent Sample and Country Aggregates

The DMCA takedown notice is a request to remove content of individual users
whose shared repository is found to be infringing by claimed copyright holders. We col-

lect data from the GitHub DMCA repository. Every unit of observation is a notice event,
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and for each notice, we collected the following information: the date of the DMCA no-
tice addressed to the user, the name of the claimed copyright-holder who sent the notice,
the URL of the repository in question, the login name of the GitHub user who received
the notice, whether the user is an individual or a group, whether the repository has been
taken down by GitHub at the time of data collection, whether the GitHub user replies a
counter-notice and the date of a counter-notice if there is one, whether the plaintiff retracts
the notice and the date when plaintiff retracts the notice. There are 2,213 complaints filed
between 2011 and 2014. 1,091 of all cases can be matched with a login name in GHTor-
rent, which results in a total of 1,712 repositories. The 1,712 parent repositories are then

matched to a total of 16,404 forks.

Cumulative Frequency

0
2011m1 2012m1 2013m1 2014m1 2015m1
noticetime

Figure 1.9: Distribution of notice time

This figure shows the distribution of event dates. The earliest notice dates back
to Jan. 2011, and the latest notice comes in Dec. 2014, by which month all users have
received their notice. After an initial spike of complaints in Feb. 2011 by Sony Computer

Entertainment America LLC, the notices are filed at a smooth yet slightly increasing rate.
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In addition, we use cross-country software piracy rates as a proxy for the difficulty
of unauthorized use. Data on the rates of software piracy were provided by the Business
Software Alliance (BSA). BSA is a network of software manufacturers and includes com-
panies such as Microsoft and Novell. Software piracy rates are calculated by estimating
the demand for software based on the worldwide number of PC shipments and the sale
of U.S. business applications. By assuming that there is a set of software sales accompany-
ing each new PC sold, the difference between expected demand and supply (in the form
of sales) is attributed to software piracy. Piracy rates are reported as percentages, with
0% indicating no software is pirated and 100% indicating all software is pirated. Start-
ing from 2011, BSA reports the piracy rates every two years. Despite the limitations of
this indicator, BSA piracy rates are one of the most commonly accepted indicators in the

industry.

As shown in Table 1.1, average piracy rates across individual countries steadily de-
cline from 61% in 2008 to 57% in 2015. There are sizable regional variations. The highest
regional software piracy rates are seen in Eastern Europe and Latin America, with rates
of approximately 60%, suggesting six of every 10 software packages in use are pirated
copies. North America and Western Europe have the lowest regional software piracy
rates, at approximately 30%. Several developing countries reduced their software piracy
rates by more than 8% during the sample period, with China, India, Sri Lanka, Vietnam,

and Mexico at the top of the list.

1.5.1 Hypotheses and Empirical Strategy

This section describes the main econometric specification to test the competing hypothesis

outlined in Section 1.4 and the identification assumption required for consistent estimates.
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The main specification is an event study that allows the effect of a takedown notice to
vary over subsequent periods. The identification relies on the fact that the timing of a
takedown notice is staggered and unanticipated for users, so it is as good as random
assignment. Thus, early-treated users and late-treated users can serve as counterfactuals

for one another.

The “crowding out” hypothesis of reproduction states the following:

Hypothesis 1.1. The takedown of a parent repository has a positive effect on open-source contri-

butions to fork repositories.

The competing “crowding in” hypothesis of reproduction states that

Hypothesis 1.2. The takedown of a parent repository has a negative effect on open-source contri-

butions to fork repositories.

We match the data file of DMCA notice events with the relevant GitHub user infor-
mation. The two files are merged using users’ login names, and each GitHub user is then

identified by his or her ID assigned by GHTorrent.

Let r be a parent repository, f be a fork repository, t be a calendar quarter where we
observe the outcomes, and 7 be the time-since-event; e.g., T = 3 means three months after
the notice.

=10

commit gy = Z Brtakedown, - + ap+ 1+ €
7=-10,T#—-1

where commit s, is the logarithm of the number of commits contributed to fork f of parent
repository r in quarter t. takedown,;_. is an indicator variable for the takedown taking

place in period t — 7, so takedown, ;. = 1if as of time ¢, the parent repository r received a
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takedown notice T quarters ago. a is the fork fixed effect, and 7; is the quarter fixed effect.
We drop any observation beyond the [-10, 10] time window. We follow the convention to
normalize the effect of a notice in the reference quarter T = —1 to be zero. The standard

errors are clustered at the parent repository level.

The coefficients B for T > 0 capture the persistent effects of a takedown notice.
Hypothesis 1.1 expects them to be zero or positive, whereas hypothesis 1.2 expects them
to be significantly negative. The terms B+ for T < 0 provide a placebo or falsification test.
In the absence of anticipating effects, model misspecification, or omitted confounding

variables, we expect them not to be significantly different from zero.

We then extend the main specification to other repository-level outcomes, user-level
outcomes, and possible heterogeneous effects. In our user-level analysis, i denotes a user,

and the regression equation we use is as follows:

10
numrepo; = Z Brtakedown; ;- + o + 1 + €4
T=-10,T#-1
where numrepo;; is the number of repositories shared by user i in quarter ¢, «; is the user
tixed effect, and #; is the quarter fixed effect. The standard errors are clustered at the user

level.

We also match the data file of country-level longitudinal software piracy rates with
the relevant GitHub user whose nationality information is available. The two files are
merged using variable ccTLD, a two-digit country code technically known as country

code top-level domain.

To test any possible heterogeneous effect of takedown with respect to difficulty of
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unauthorized use, we use the following regression equation:

10 =10
commitfrit = 2 Brtakedown, s+ + Z Ycqitakedown, s + af+ oy + 1+ € it
7=—10,T#—1 7=-—10,T#—-1

where commit ;s is the logarithm of the number of commits contributed to fork f of in-
fringing repository r reproduced by user i in quarter ¢, g; is user i’s difficulty of unautho-
rized use approximated by the software piracy rate of his or her home country, and «; is

the repository fixed effect. The standard errors are clustered at the user level.

The coefficient y captures the heterogeneous effects of takedown on open-source

contributions with respect to different technological constraints on unauthorized use.

1.6 Empirical Results

1.6.1 The Effect of Takedown on Original Contributions

Figure 1.10 shows that the number of commits contributed to fork repositories drops im-
mediately in the post-notice period, and the decrease lasts for 10 quarters after the notice
within the event window studied. Compared to the average pre-notice level, the number
of commits on average decreases by 9.8% during the first five quarters after the notice
and by more than 10% during the second five quarters after the notice. The figure also
shows that the pre-trend is relatively stable and shows no sign of trending downward
during the 10 quarters prior to the notice. A similar pattern is observed for the number of

contributors to fork repositories (see Figure 1.19).
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Figure 1.10: The Effect of Takedown Notices on the Number of Commits to Fork Reposi-
tories

As a robustness check, we find that the takedown notice has no significant effect on
contributions to fork repositories if the notice did not result in a takedown of the parent
repository. Figure 1.21(a) shows that if the takedown notice is rebutted with a counter-
notice from the user, we do not observe significant changes in the number of commits in
the post-notice period within the event window studied. Compared to the average pre-
notice level, the change in the number of commits on average is not statistically different
from zero during the ten quarters after the notice. Likewise for the countered notice, we
do not observe significant changes in the number of authors in the post-notice period

within the event window studied (see Figure 1.21(b)).

Figure 1.22(a) shows that if the takedown notice is retracted by the copyright owner,
we do not observe significant changes in the number of commits in the post-notice period
within the event window studied. Compared to the average pre-notice level, the change

in the number of commits on average is not statistically different from zero during the ten
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quarters after the notice. Likewise for the retracted notice, we do not observe significant
changes in the number of authors in the post-notice period within the event window

studied (see Figure 1.21(b)).

Further specifications (figure 1.16) reveal that the number of repositories shared by
the received GitHub users also drops sharply following a takedown notice, and the de-
crease lasts for 10 quarters after the notice within the event window studied. Compared
to the average pre-notice level, the number of repositories on average decreases by 1.9
repositories during the first five quarters after the notice and by 2.2 repositories during
the second five quarters after the notice. The figure also shows that the pre-trend is rela-
tively stable and shows no sign of trending downward during the 10 quarters prior to the

notice.

Figure 1.17 shows that if the takedown notice is rebutted with a counter-notice from
the user, we do not observe changes in the number of repositories following a takedown
notice within the event window studied. Compared to the average pre-notice level, the
change in the number of repositories on average is not statistically different from zero
during the ten quarters after the notice. Figure 1.18 shows that if the takedown notice is
retracted by the copyright owner, we do not observe changes in the number of reposito-

ries following a takedown notice within the event window studied.

1.6.2 The Effect of Takedown on the Size of the Community

Figure 1.11 shows that the number of followers of the user also drops following a take-
down notice, and the decrease lasts for 10 quarters after the notice within the event win-

dow studied. Compared to the average pre-notice level, the number of followers on aver-
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Figure 1.11: The Effect of Takedown Notice on the Number of Followers

age decreases by 1.5 users during the consecutive ten quarters after the notice. The figure
also shows that the pre-trend is relatively stable and shows no sign of trending downward
during the 10 quarters prior to the notice. A similar pattern is observed for the number
of watchers to fork repositories (see Figure 1.20). For the indirectly affected repositories
(either forked or shared by the receiving user), the size of the community shifts from
i = ntou < n. As a result, the motivation of contribution is greatly undermined under
community preference. Since the cost of contribution is higher without the reproduction,
contributions are greatly reduced. In addition, as no one is expected to contribute to the
repository being shared, the receiving user has no incentive to share further open-access

repository in the first place.

Taken together, these findings suggest an explanation consistent with the “crowding
in” hypothesis of reproduction: users’ contributions decrease in an exogenous removal of
reproduction because the community-driven users are poorly motivated by the shrinking

size of the open-access community. Therefore, it is most likely that prior to content take-
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down, the reproduced content is used for content expansion. Going back to our theory,
the event study estimates provide evidence that reproduction on this platform is most
likely driven by the motive to expand content, and enforcing the takedown policy is thus

inefficient. 22

1.6.3 Checking for Heterogeneous Effect of Takedown

Table 1.2 reports the cross-country findings of copyright enforcement on peer contribu-
tions. For each dependent variable we report two specifications, where the sets of covari-
ates are sequentially expanded. Columns (1)-(2) consider average commits, and columns
(3)-(4) consider total commits. The regression results suggest a significant positive rela-
tionship between country piracy rates and contributions to repositories. An improvement
in software piracy by the home country reduces the commits to repositories shared by its
citizens. The estimated effect is robust to the inclusion of users” experience in addition to
the two-way fixed effects. The estimates in column (4) tell us that holding all other things
constant, a one-percent increase in piracy rates is associated with a 0.5% rise in total com-
mits. To put it in context, countries aggressive in copyright enforcement experience a 2%
annual decline in piracy rates (China, India, etc.), and users from these countries attract 1

fewer commit every three years purely because of the litigation risk.

225ome commentaries call this a “chilling effect” in that the takedowns appear to shock and frighten
internet users, and limit all their future open-access sharing. The GitHub team also explicitly points this
out in their readme file of the DMCA repository.
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1.7 Conclusion

This paper presents the first welfare evaluation of the widely adopted content takedown
policy that secures copyright in cyberspace. In general, content takedown appears to be
a sensible policy. When users steal content without providing owners fair compensation,
the policy can be justified on efficiency grounds even though it has undesirable distri-
butional consequences. This kind of self-interested reproduction is predicted to reduce
original contributions. However, in cases where the community preference is strong such
that reproduction crowds in original contributions, content takedown strictly decreases
social welfare. Our data analysis indicates that reproduction behavior on GitHub is one
such case. This suggests a fair-use condition that would impose limitations on copyright

in cyberspace. Such legal rule would require a more active role of digital platforms.

Our findings caution against the strict enforcement of content takedown, but it is
too early to conclude how we should extrapolate these results to the global efforts on the
authorized use of knowledge in cyberspace. After all, many of open-access content in
emerging markets appears to be pirated content without expansions or further derivative
works (Marron and Steel, 2000). For such efforts to be counterproductive to the creativ-
ity of cyberspace, the social motivation to reproduce and create is essential. However,
when we apply this framework to content takedown in emerging markets, we should
be mindful of the following two key differences. First, the development of open access
in emerging markets is in its infancy. Although highly skilled developers may be will-
ing to contribute, they may not be motivated to do so because of the limited number of
internet users. In fact, if users are given the opportunity, user-generated content from
underdeveloped regions can be quite substantial, as seen by the phenomenal success of
Ubuntu, an open-source software primarily developed by African users. Second, social

norms on the use of online knowledge have yet to be formulated in emerging markets.
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In the US, several non-profit organizations, including Creative Commons, the Free Soft-
ware Foundation, and the Electronic Frontier Foundation, largely recognize and promote
the community preference of internet users. By contrast, in developing countries, the

emphasis on community production is lagging.

An important aspect of the policy debate on content takedown is reminiscent of the
broader discussion on the relationship between intellectual property rights and knowl-
edge commons. It is generally believed that intellectual property rights are a useful tool
to motivate knowledge creation. By enforcing a temporal exclusive rights to creations,
copyright law provides expected profits to creators as incentives for productive economic
activities; as the exclusive rights expires, the creations can perpetually augment the knowl-
edge commons, which allows for general public use and feeds into the next generation of
creations (Posner, 2005). As a result, economic development benefits. The real relation-
ship between intellectual property and economic development is far more complicated
and well beyond the scope of this paper. Nonetheless, we observe that the inefficiency
of content takedown this paper presents, where the enforcement of such exclusive rights
does not match its intended outcome, is not unique to the GitHub case. In other contexts,
researchers have found that the creation of property rights may crowd out otherwise so-
cially desirable behaviors (Bohnet et al. (2001), Gneezy and Rustichini (2000)). As Samuel
Bowles puts it succinctly (2008), “the critical assumption in the conventional approach
is not that other-regarding motives are absent but that policies that appeal to economic

self-interest do not affect the salience of ethical, altruistic, and other social preferences.”

We conclude our paper by discussing limitations and promising extensions. Sev-
eral intriguing questions regarding content takedown remain unexplored. In cases where
takedowns are inefficient, why do they persist? What is the rationale for sending in-

valid copyright claims? Are other types of takedown requests (for instance, trademark
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and defamation) efficient? Because of data limitations, we cannot observe the pricing
response to content or determine whether the two parties proceed to court if there is a
counter-notice. It would be interesting to supplement our theoretical predictions on own-
ers’ behavior with such data. In addition, the rich dataset of GitHub allows us to study
the social network of open-source users and understand what that local structure implies
for copying and copyright policy. Importantly, alternative policies to content takedown
that may achieve Pareto efficiency are worthy of further investigation. This paper sug-
gests the fair-use condition in one possibility, but the way platforms implement this rule
or whether alternatives such as compulsory licensing may perform better remain open
questions. The analysis would be more involved if we further augmented our welfare

criterion to include equity concerns.
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1.A Appendix A. Extensions and Robustness

Appendix A. Extensions and Robustness

Notice and Takedown Procedure

The main model of the paper focuses on the takedown aspect of the policy. In this section,
we augment the baseline model to incorporate the notice and counter-notice procedure

of the policy.

The owner files a lawsuit against the creator, claiming that the creator’s platform is
used for copyright infringement. Settlement negotiations are then conducted against the
background of a possible trial. The owner proposes a settlement agreement specifying
that the owner will drop the lawsuit if the creator agrees to terminate the open access
platform. The creator decides whether to accept the settlement. If the creator accepts,
there will be no open access platform, and the owner’s proprietary platform will be a
monopoly. If the creator rejects, the owner will have to choose whether to proceed to
trial or drop the case. If the owner chooses not to litigate, his proprietary platform has to
compete with the open access platform. The creator will respond to this proposal only if
the owner’s threat to litigate is credible: the owner’s expected gain in profits must cover

his litigation costs.

The outside option of the settlement is a trial. The trial involves costs (legal fees,
discovery costs) for both parties, summarized by the monetary amount L > 0. If a trial

does take place, there is a probability p € [0,1] that the owner will prevail and the open
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access platform will be taken down. In that case, the owner’s proprietary platform is a
monopoly. If the creator prevails, the court dismisses the claim, and the owner’s propri-
etary platform has to compete with the open access platform. Figure 1.12 describes the
sequence of events where a black node is a decision node of the owner, a blue node is a

decision node of the creator or users, a red node is a nature’s move.

competition competition
retract

USERS USER

User prevails (1 — p)
litigate

counter-notice owner prevails (p)

OWNER

takedown monopoly

monopoly

=>
\Y
o

x* =7+ 3,27

Figure 1.12: The Timing of the Game Under Three-Step Takedown Procedure

Copyright law is announced ex-ante; it is summarized as a pair (p,q) € [0,1] x
[0, 1] where p is the probability that the owner wins an injunction against the open access
platform, and g is the extent of anti-circumvention enforcement against unauthorized
copying. > (p,q) is common knowledge for all players. A copyright law (p, q) is optimal
if it maximizes the total payoffs of all users, i.e., Sg Uy(y(0),x(0))dF(0), subject to the
constraints that the allocation {y(0), x(0)}sce can be implemented in a perfect Bayesian

equilibrium.

When the owner’s platform is a monopoly, the owner charges a price t,, > 0, after
which every user i € N independently and simultaneously chooses to accept or reject,

and rejection leads to no use xg = 0. Given other users’ choice, the payoff of user i’s is

23 As mentioned in Section 1.2, copyright is a bundle of two major rights: (i) the exclusive right to make
copies and distribute them, (ii) the exclusive right for further derivative works. We thus think of p as mea-
suring the extent of a country’s enforcement over the exclusive right to make copies and distribute them,
and g as measuring the extent of a country’s enforcement over the exclusive right for further derivative
works. The latter usually increases in how broad the provisions on the fair use doctrine are, how stringent
the requirements for derivative works are, how friendly the court is to “copyleft”, etc.
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thus

—tm + @(%) if i chooses the proprietary platform,
g— Y imtel) proprietary p (1.16)

y otherwise.

Let the choice set of a user be Xy := {%, x*,0}, the choice set of the creator be B4 :=
{settle, not settle}, the choice set of the owner be Bp := {litigate, not litigate}. In this game,
denote the owner’s pure strategy as the tuple (¢, tc, £, bo(x*)) where t,, € R>g, t. € Rx,
% € Rsp, and bp: R>¢p — Bp, the creator’s pure strategy as by : ® x R5g x Ryg — By,
the user i’s pure strategy as the triple (x;(£,x*),z7(0;, £),z}(6;, £)) where x;: H x ©® — B,
z7: H xO — Ryp,and z7: H x @ — R>o. To interpret, a pure strategy of the owner is a
complete contingent plan that picks the production, the monopoly price, the competition
price, and the litigation choice for every realization of the total contributions x*. A pure
strategy of the creator is a contingent plan that picks the settlement choice for every real-
ization of her social type 64 and the output of both platforms £ and x*. A pure strategy
of any user i is a contingent plan that picks whether and which platform to use and her
pair of original contribution and reproduction for every realization of her social type 0;

and the output of the proprietary platforms £.

We use (pure strategy) perfect Bayesian equilibrium as the solution concept.

Definition 1.2. A strategy profile {(ty, tc, £, bo(x*)), ba(64, %, x*), (x(60,%,x*),2°(0,%),2" (0, %) )gco }

is a (pure strategy) perfect Bayesian equilibrium such that

A

i) Forany 6 € ©, given £ € R>q, (x(0,%,x*),z°(0,%),2"(0, %)) is a best response to
(x(6,%,x*),2°(0", %),2" (6, %)) gr 2o

ii) Givenba(04,%,x*), and (x(6, %, x*),z°(0, %), 2" (6, X)) geco, the owner chooses (ty, tc, £, bo(x*))

to maximize his payoff.
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iii) Given (ty, tc,%,bo(x*)), and (x(0,%,x*),z°(6,%),2"(6,%))sco, the creator chooses

ba(04,%, x*) to maximize her payoff.

The actual process of enforcing the takedown policy is more elaborate and one
where against the background of a possible trial. the aim is to foster an efficient bar-

gaining between the copyright owner and a representative user.

There are three possible outcomes of the notice and takedown process: (i) retraction:
the owner retracts his notice, and there is neither takedown nor trial, (ii) takedown: the
owner does not retract his notice, and the user complies with takedown, (iii) trial: the
owner does not retract his notice but the user chooses to send a counter-notice, so the two
parties proceed to the trial.

The owner will retract the notice if his threat of litigation is not credible. The rent
from pursuing litigation is the gain in profits (pn(t, — t)) plus the expected court award
((2p — 1)L). The litigation is credible if and only if

pn(ty —t) = (1—2p)L.

Substituting optimal (t,,, t), we have

pnmin{g(x*), ¢(%)} = (1 —2p)L. (1.17)

The user will comply with the takedown if the expected benefit of keeping open
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access is less than the expected cost of a trial, i.e.,

(1-plex*) < (2p-1)L

In the graph below, we plot the four functions. the solid red curve is the owner’s
expected gain in profits, the dotted red curve is the owner’s expected cost of trial. the
solid blue curve is the user’s expected benefit of keeping open access, the dotted blue line

is the user’s expected cost of trial.

o p M p

retraction ‘.tr‘i'al .'ta.kedown a=1« :1 -p ."~..04 =0

.. 2%

(a) Assumea =p (b) Equilibrium «

Figure 1.13: Copyright Law and the Equilibrium Outcome of the Takedown Policy

The takedown policy makes contributions more risky.

The trade-off behind the takedown policy: if p is large, then we have a monopoly. if

p is small, then we have a free-rider problem.

Proposition 1.6. The takedown policy achieves efficiency if the court imposes no limitation on

copyright (i.e., p = 1).

Proof. If p > pp, we have pn¢’(x*) thus the user will comply with the takedown even if
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*

x* = z"(p). Note that z" is decreasing with p. z" is such that (1 — p)¢’(z") < cqg. we need

0> (1-2p)Land 0 < (2p — 1)L, we need p > 3. we need to prove py > 3

the threat of litigation is credible and , thus @ = 0. verify the threat and comply

monopoly: £ = ¢(5), x* = 0. O

The next lemma characterizes the necessary and sufficient condition for a settlement

agreement.

Lemma 1.1. Given x* and X, a settlement agreement is reached if and only if (i) the threat of

litigation is credible, i.e., pn min{@(x*), (%)} > L, (ii) the social type of the creator is bounded

above by the user value ratio, i.e., 04 € [0, %p min{ qjo((;i)) ,13]. %

Let « be the equilibrium probability that the open access platform survives (nei-
ther taken down by the court nor settled by the creator). Now we can determine the
probability « in equilibrium. In the case where litigation is not credible, the open access
platform always survives, i.e., & = 1. If the expected rent from pursuing a trial exceeds
the cost of litigation such that the threat of litigation is credible, then it follows from
lemma 1.1 that the open access platform can only survive if the creator has a social type
above the threshold and she prevails in the court; therefore, the equilibrium probability is

a(xX,x*,p)=1-p)(1- P(% min{%, 1})). We collects these observations as follows:

1 if pnmin{ep(x*), (%)} <L,
a(f,x%p) =4 (1-p)(1-F(:5)) if pnmin{g(x*), (£)} > Land £ > x*,
(1-p)(1 = F(q25eksy)) if prmin{p(x*), 9(£)} > Land £ < x*

(1.18)

24We make the tie-breaking assumption that if the owner is indifferent between a trial and no trial, then
he will not litigate.
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i n*

Figure 1.14: Welfare Effect of Moving Users Across Platforms
The output of the proprietary platform satisfies
max nt + I{pnmin{¢(x*), p(%)} > L}[(1 — a(%,x*, p))n(tm —t) — L] — %,
X

which states that in absence of the litigation strategy, the owner earns profits at the com-
petition price; if litigation is credible and the open access platform does not survive, he
can earn rents by charging every user an extra fee t,, — t.

In reproduction equilibrium, litigation complements anti-circumvention enforce-

ment against unauthorized use. In original contribution equilibrium, litigation is purely

for rent-seeking though under the name of justice.
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Figure 1.15: Community Preference and Original Contributions

1.B  Appendix B. Proofs

Appendix B. Proofs

Lemma 1.2. If there exists i* such that z > 0 for i = i*, then z} = 0 for any i # i*.

Proof. Suppose there is a i’ # i" such that z},(6;) > 0. If 2/(6') < z’(0"), &' has a profitable
deviation towards z" = 0, a contradiction. If z"(6") < z’(60’), 6" has a profitable deviation

towards z" = 0, a contradiction. O

Lemma 1.3. For i = i*, z/ = min{%,z"(q)} where ¢'(z"(q)) = cq.

given %, a reproduction and consumption scheme {z}, x;};cn is characterized by a
triple (i*,z", u) where
(i) zf > O0fori =1i*,and z; = 0 for any i # i*.
20, <6y,

(11) X; =
x* if0; > anu—l—l-
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If (0, n,c) > %, if and only if the following three condition holds

(14 0,1)@(2(0n,1,¢)) — ez — c[£(0,m,¢) — 2] > (p(cq) —caplcq)  (1.19)
Z' =% (1.20)
u=n (1.21)

Original contributions satisfiy zj, = %(6,,1,c) — £ and zJ = 0 forany i < n.

The copyright owner’s profit-maximization problem is

— )t —cx
5 ot
s.t. %= x(0y,n,c)

< max [n—pl[e(2) = (14 (1 +1)8n—p)p(x*(%))] — c2

220

s.t. %= x(0,,n,0)

The planner’s problem is

max 2iieN /ax P(R) + e+ (1+ Zje/\//{i} 0))p(x*) —ct —c3;z] — (cq) X, 2]

. i
%2 2 Xi)ien

s.t. x* = max; z} + >z}
£=0
z; 20,27 =20 Vi
z; <% Vi
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Proof. Complementary slackness requires

Proof. For any 6 # 6", z"(0) = 0. The first order condition of original contribution is

(1+6n*)E¢' (29 —1—225’ +Z)+1°—cA=c
j#i

Complementary slackness requires

7°2°(8) = 0

Al —cz%(0) —cqz’ (0)] =0

There exists a 6° € [0, 0] such that (1 + 0n*)Eg’(x*) < c for 6 < 6%, (1 + 6n*)E¢'(x*) > ¢
for 6 > 6°, and (1 + 0°n*)E¢’(x*) = c. It follows that for 6 < 6°, #° > 0, A = 0, and
z°(0) = 0; for @ > 0°,#7° =0, A > 0,and z°(0) = 1.

[

The first order condition of reproduction is

/

(1+0"n")E¢' (' (6") + f z°(0")dF(0")) + " —cgA — A" = ¢q
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The first order condition of original contribution is

(1+0n")Eg' (z°(67) +Zz Z)+n°—cA=c
j#i

Complementary slackness requires

Taking the ratio of the two first-order conditions, we have
(- q) 1+ A) = 1"~ + A"
By definition, z"(0") > 0, thus #” = 0. It follows that #° + A" > 0.
The feasibility constraints require that z" () < min{%,1/(cq)}. Suppose z"(8") <
min{%,1/(cq)}. It follows that A = A" = 0. If 0" > 6°. We have (1 +6"n*)E¢’(x*) > c. It

follows that cA > n° and A" + cq(1 + A) > c. That s, c¢q > ¢, a contradiction.

If 0" < 6°. Tt follows from the assumption that (1 + 6"n*)EE¢’(x*) = cq. There exists
6’ > 6° such that z"(6’) = min{%,1/(cq)} > 0. A contradiction with 1.2. Therefore,
Z'(0") = min{%,1/(cq)}.
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Proof. Since %(0,n*;p,q) is increasing in 6, below 6 the reproduction constraint is not
binding, and above 0" the reproduction constraint is binding. For 6 < 5r, x(0,n%;p,q9) <%
so reproduction alone reaches their satiation level, and therefore z¢(6;) = 0 for 6; < 6. It
follows that if §' (£) > 6, z9(6;) = 0 for any 6; € [0,6]. Since g < 1, we have z¢ > 0 for some
i if and only if {;z/ = %. For 0 > 6, it must be that the original contribution constraint
is only binding for 6§, and therefore z¢(6;) = 0 for §; < 6 and z%(6) > 0 for at least some

i ]

Proof of Lemma 1.1

Proof. Suppose the threat of litigation is credible, the creator of type 64 will settle if

y+ (14 0an)[p(2) — tn]

>y — L+ p(1+04n)[@(2) —tm] + (1= p) (1 + 04n) max{g(x*), (%) — tc},

substituting optimal (t,,, t.), we get

L= (1-p)(1+0an)p(x").

The owner’s gain from blocking open access is his additional rent exceeding the profits

in competition, i.e., n(t,, — t.). His threat of litigation is credible if

pn(ty —tc) > L,
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substituting optimal (¢, t.), we have
pnmin{p(x*), (%)} > L. (1.22)

Therefore, a settlement with type 6,4 € [0, 0] is feasible if

prnmin{e(x*), p(£)} = (1 —p)(1+04n)p(x"),

or equivalently

min{-2&) 1y (1.23)

p
04 <
4 o (x*)

If pn(ty, —tc) < L such that litigation is not credible, the creator of any type 64 will not

qu((x’i)), 1}, the creator will choose not to

respond to the settlement offer. If 64 > % min{

settle even if litigation is credible. O

Proof. Suppose N'* is such that ¢(£) < ¢(x*). For user i € N'*, he will keep using open
access. For useri ¢ N'*, hehas a profitable deviation towards open access. There does not

exist a t > 0 such that any user of any type will accept the offer. It follows that N'* = N.

Suppose N * is such that ¢(£) > @(x*). The owner can set t = min{¢ (%) — ¢(x*),0}.
For user i who chose to pirate, he is weakly better off by accepting the offer. For user
i € N*, he has a profitable deviation towards the proprietary bundle. It follows that
N* =g O

Proof. Suppose x* > £. x* = %(0,1; p, 1), and equation 1.10 can be simplified as

(1-p)[1+0]¢ (x*) =1. (1.24)
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The optimal output of the owner satisfies

pe'(%) =1

Given p < %, we have

p<(1-p)(1+90)
1

<= <

(1-p)(1+9)
<¢'(x") < ¢'(%)

1
p
=x* > K.

Suppose £ > x*. x* = %(6,0; p,q), and equation 1.11 is

The optimal output of the owner satisfies

¢'(2) =1
Givenp > L;Z, we have
1
1-(1+ 5);9 <q
q
<1<

__r

-7 o)
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1.C Appendix C. Figures and Tables

Appendix C. Figures and Tables

Estimated Coefficients on Leads and Lags of the Event
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Figure 1.16: The Effect of Takedown Notice on the Number of Shared Repositories
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Estimated Coefficients on Leads and Lags of the Event
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Figure 1.17: The Effect of Countered Notice on the Number of Shared Repositories

200

100

-100

-200

Estimated Coefficients on Leads and Lags of the Event
)
—e—
—8—
—8—
—a—
—a—
—a—
—a—
—E—
—8—
o
——
—8—
—8—
——
—e—
—e—
—8—

-10 5 0 5 10
Quarter Before and After a Retracted Notice

Figure 1.18: The Effect of Retracted Notice on the Number of Shared Repositories
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Estimated Coefficients on Leads and Lags of the Event
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Figure 1.19: The Effect of Takedown Notice on the Number of Contributors to the Fork
Repositories
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Figure 1.20: The Effect of Takedown Notice on the Number of Watchers to the Fork Repos-
itories
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Estimated Coefficients on Leads and Lags of the Event

Estimated Coefficients on Leads and Lags of the Event
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Figure 1.21: The Effect of a Countered Notice on Open Source Contributions
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Figure 1.22: The Effect of a Retracted Notice on Open Source Contributions
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1) 2) 3 4

Average Commits Average Commits Total Commits Total Commits

Enforcement -0.0054*** -0.0042** -0.0064*** -0.0057**
(0.0021) (0.0022) (0.0027) (0.0029)
Experience 0.0256*** 0.3926***
(0.0058) (0.0078)
Experience® -0.0072%** -0.0258***
(0.0005) (0.0007)
Country FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
adj. R? 0.027 0.035 0.129 0.154

Note: commit;y is the logarithm of the number of commits contributed to all the reposito-
ries shared by user i from country c in year t, and we use both average commits and total
commits for robustness. En forcement,; is the software compliance rate of country c in year
t. Experience is the number of years since the users’ registration. Standard errors in paren-
theses. * p < 0.1, ** p < 0.05, *** p < 0.01

Table 1.2: Estimation of the effect of copyright enforcement on open source contributions
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CHAPTER 2
MEDIATION AND COSTLY EVIDENCE

2.1 Introduction

Information asymmetry is at the heart of many inefficient resource allocations, leading
to bargaining impasse, and many times failure of dispute resolution. Mediation, a self-
enforcing procedure, is increasingly adopted to alleviate such informational problems.
Traditionally, mediation is commonly used to resolve disputes in tort liability between
the injured and the injury (e.g., accidents, medical malpractice, etc.), in wrongful termina-
tion between the employer and the employee, in bankruptcy and debt relief between the
creditor and the debtor, and international conflicts where the two parties are sovereignty.
With the growth of the digital technology and multi-sided platforms, mediation of on-
line disputes becomes widespread (Rabinovich-Einy and Katsh (2012)). For instance, the
e-commerce giant Taobao has handled approximately 2000 disputes of online transac-
tions per day in 2012 (Erickson (2014)). Significant amount of mediated disputes has also
been reported on other online platforms, including crowdfunding (Raymond and Stemler
(2014)), and on-demand labor platform (DeVault et al. (2019)). The design of an efficient

mediation procedure is thus of great importance.

Previous economic models of mediation has exclusively focused on facilitation
where the mediator structures a communication process including holding private meet-
ings with each party, understanding their concerns and passing on useful information to
the other party. The role of the mediator is to transmit information. However, equally
important in the practice of mediation is evidence-based recommendations. In an evalu-

ative mediation, the mediator assists parties in reaching an agreement by checking the
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facts of each party’s claims, pointing out the strength and weakness of the case, and
predicting what a likely outcome would be if the two parties fail to settle (Brown and
Ayres (1994), Roberts (2007), Nolan-Haley (2012)). An evaluative mediator would make
evidence-based recommendations to the parties in relation to their outside option, in the
hope that both parties can find a common ground for their agreement. Therefore the

mediator also has a role to verify information.

In this paper we study the efficient mediation procedure where disputants are asym-
metrically informed and hard evidence can be acquired or presented with a cost. We
allow for a broad set of feasible mediation plans: the mediator can choose any combi-
nation of facilitative mediation and evaluative mediation. In addition, we compare two
modes of evaluation: the adversarial procedure where the disputants present evidence,
and the inquisitorial procedure where the mediator acquires evidence. ! More precisely,
our formulation builds on Spier (1994) and Horner et al. (2015) where we adopt mecha-
nism design and information design techniques to a canonical bilateral bargaining model
that determines the division of a pie. We incorporate costly verifiable information, known

as evidence, into the design problem.

There are three players: The mediator, the informed party which we call the plain-
tiff, the uninformed party which we call the defendant. The plaintiff and the defendant
tfind themselves in a bargaining situation where the mediator tries to reach an agreement
for the two parties. In the main model, we work with the baseline evidence structure: ev-
idence can fully reveal the type, so once evidence is disclosed or acquired, the plaintiff’s

private information becomes known to the mediator (in Section 2.5, we relax this assump-

'The terminology is borrowed from the legal literature on the trial procedure in common-law coun-
tries where partisan advocates present their cases to an impartial jury, and the trial procedure in civil-law
countries where judges take a much more active role in investigating the circumstances of the case. We
use them more broadly here such that the adversarial model is a synonym for evidence disclosure from the
disputants, and the inquisitorial model is a synonym for evidence acquisition of the mediator. In reality,
evaluative techniques may lie on a spectrum between these two ideal models.
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tion and extend our analysis to more general evidence structures). Under the inquisitorial
procedure, the mediator commits whether to pay a cost to acquire evidence upon receiv-
ing a report from the plaintiff. Under the adversarial procedure, the mediator commits
whether to ask the plaintiff to present evidence together with her report after the plaintiff
decides whether to pay a cost to acquire evidence. In both cases, the mediator then con-
verts the reports and the evidence to a recommended allocation and announces it to both
parties, according to a pre-committed random mapping. The procedure is self-enforcing
such that any party can opt out anytime. Rejection leads to the outside option that can
mean going to trial, going on strike, or even a war. Efficiency requires the mediator to
maximize the total payoffs of the two parties using transmitted and verified information

subject to incentive and feasibility constraints.

Using this model as a vehicle of inquiry, we are able to investigate a rich set of
questions on mediation: is the focus on facilitation without loss of generality? When
should we use evaluation? What is the settlement rate of an efficient mediation? What
is the amount of settlement associated with facilitation and evaluation respectively? Is
the adversarial procedure more efficient than the inquisitorial procedure? What are the

sources of inefficiency for the profit-maximizing mediation?

Any optimal mediation plan can be characterized by a simple threshold partition-
ing the ordered state space into truth set (where truth is revealed by the evidence) and
pooling set (where no evidence is acquired or presented). Below the threshold, the me-
diator facilitates, all types are settled, and the settlement is the same across types. Above
the threshold, the mediator evaluates, all types are settled, and a range of settlements can
be implemented but the lower bound and the upper bound both increases with the type.
The efficient mediation plan and the profit-maximizing mediation plan under both the

adversarial and the inquisitorial are all such threshold mechanisms. As a result, our first
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theorem states that Full settlement of disputes is always the outcome irrespective of the
procedures or the objectives. Therefore, partial resolution of disputes results from the lit-
erature’s exclusive focus on facilitation, and full resolution of disputes is implementable

once we incorporate evaluation.

To gain some intuition on why the efficient mediation is a threshold mechanism,
consider the objective of the mediator. Efficiency requires the mediator to settle as much
as possible, while minimizing the cost of evidence. Since facilitation incurs no cost, the
mediator would push it to the limit. That limit is the threshold that determines whether
the mediator would base his recommendation on evidence. Without evidence, all types
beyond the threshold would have to proceed to trial. Full resolution of disputes can be
achieved because the mediator’s evidence-based recommendation makes the private type
common knowledge, and the plaintiff and the defendant realize they have a common in-
terest to settle. And this mediation plan is indeed feasible. To satisfy individual ratio-
nality, the mediator gets both parties at least their outside option, such that settlement
is always weakly better off. Incentive compatibility has two components, depending on
whether the evidence is available. With hard evidence, the mediator can punish lying
by refusing to mediate. Without evidence, the mediator has to ensure that a higher type
has a weekly higher payoff so that the plaintiff finds truth-telling optimal. The mediator
would optimally garble information to keep a grain of salt in the truthful reports, which in
turn deters the plaintiff from misrepresentation. In effect, the noise in the communication
channel gives the lower type some protection from exposure when he does not imitate the
higher type, so it reduces the incentive of lower type to imitate higher type. Under the
adversarial procedure, the mediator has to offer a premium in settlement for the evidence
such that the plaintiff finds it optimal to acquire the costly evidence whenever needed.
Under the inquisitorial procedure, the mediator would rely on the fees to make budget

balanced.
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Our second theorem concerns the comparison between the welfare maximization
and the profit maximization. We identify two sources of inefficiency. The first source of
inefficiency is the excessive use of evaluation, given procedure fixed. The second source of
inefficiency is the discrepancy in the choice of procedure. For a welfare-maximizing me-
diator, the efficient adversarial mediation generates higher ex-ante total payoffs than the
efficient inquisitorial mediation. The adversarial procedure is superior because it is more
flexible in allocating the burden of proof, such that an adversarial mediator can use evalu-
ation more efficiently. The adversarial mediation has a higher threshold so that an adver-
sarial mediator also use facilitation more frequently. However, for a profit-maximizing
mediator, the optimal inquisitorial mediation generates higher expected profits than the
optimal adversarial mediation. The inquisitorial procedure is preferred because it is more

flexible in extracting rents from the parties.

Incorporating costly evidence into the optimal design also increases the predictive
power of the model. The derived mediation design matches the practice of professional
mediators on mediation style, settlement rate, settlement terms, and satisfaction ratings.
For example, facilitation associates with lower and narrower settlement, evaluation asso-

ciates with higher and wider settlement, and settlement rate is nearly 100%.

We compare our efficient mediation plan with alternative forms of dispute resolu-
tion - arbitration and negotiation. We show that arbitration in general yields higher total
payoffs by relaxing the self-enforcement constraint of mediation. Unmediated negoti-
ation procedures cannot achieve the same mediated result, at least for simple protocols
where disputants meet once and communicate simultaneously. We show that our efficient
mediation easily extends to the Grossman-Milgrom evidence structure where evidence
partially reveals the truth. As a final extension, we consider the Dye evidence structure

where there is some probability that no evidence is available. The full settlement result
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no longer holds under the Dye evidence structure.

The rest of this paper proceeds as follows. The remainder of this section reviews the
related literature. Section 2.2 formally presents the model. Section 2.3 characterizes the
efficient adversarial procedure and the efficient inquisitorial procedure, and presents the
key theorems on the full settlement result and the superiority of the adversarial proce-
dure. Section 2.4 discusses the empirical implications of the theory. Section 2.5 discusses
alternative forms of dispute resolution and extensions to general evidence structure. Sec-

tion 2.6 concludes. All proofs are delegated to Appendix 2.A.

2.1.1 Related Literature

This paper contributes to the nascent literature on mediation in the Bayesian communi-
cation paradigm (Myerson (1991), Bergemann and Morris (2016)). Myerson (1991) pio-
neered in showing that mediation between parties with misaligned interests can improve
the efficiency of the communication even though parties are restricted to unverifiable
messages (i.e., Crawford and Sobel (1982)). Myerson’s insight is that by adding noise, me-
diator actually makes the communication more informative. In a similar sender-receiver
game, Goltsman et al. (2009) compares the ability of mediation, arbitration, and unmedi-
ated negotiation (finite rounds of cheap talk) to maximize the receiver’s payoff. The op-
timal mediation filters the sender’s private information and adds noise. Arbitration is
(generically) more effective than mediation, while mediation is only sometimes more ef-
fective than unmediated negotiation. Bergemann and Morris (2016) classifies mediation
as an important form of information design where the information designer has no infor-
mational advantages over the players. The main insight of this literature (Myerson (1991),

Blume et al. (2007), Goltsman et al. (2009)) is that the mediator can improve welfare by
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introducing noise in the communication channel such that the incentives for misrepresen-
tation is reduced. In this literature, it is usually assumed that information is unverifiable,
while in our model, a pool of objective evidence is available but to access that pool play-
ers have to bear the burden of proof. Building upon their framework, we investigate how
hard evidence changes the optimal mediation procedure and who should bear the burden

of proof.

This paper contributes to the growing literature on alternative dispute resolution.
This paper relates to the burgeoning literature on litigation and pretrial bargaining (see
Spier (2007) and Daughety and Reinganum (2017) for excellent overviews of the litera-
ture). Most models follow earlier bilateral bargaining models by Bebchuk (1984), Rein-
ganum and Wilde (1986), and Spier (1992). Spier (1994) and Klement & Neeman (2005)
study dispute resolution from a mechanism design perspective. In both models, infor-
mation revealed determines incentives to (re-)negotiate. Farmer & Pecorino (2005) study

how costly evidence affects pretrial bargaining.

Works on mediation and alternative dispute resolution have been relatively little. In
settings similar to bilateral bargaining when the preferences of the two parties are com-
pletely conflicting (i.e., split a pie), the mediator recommends a split of the pie based on
agents’ reports of their types, and if either party opts out, a default division of a reduced
pie is implemented. In this setting, Fey and Ramsay (2010) shows that mediation can-
not improve on unmediated communication if uncertainty only concerns agents’ private
costs of fighting. When symmetric agents” share of the (reduced) pie from conflict is de-
termined by privately known strengths, however, Horner, Morelli, and Squintani (2015)
shows that arbitration and mediation are equally effective at minimizing conflict. Both
outperform unmediated communication when the intensity of conflict is high, or asym-

metric information is substantial. Extending this game, Meirowitz et al. (2019) shows
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that unmediated peace talks increase the incentive to militarize and so increase eventual
conflict, but mediated peace talks reduce militarization and conflict. As mentioned in
the introduction, previous theoretical works has exclusively focused on facilitative medi-
ation (Myerson, 1991; Goltsman et al., 2009; Horner et al., 2015; Fanning, 2021). Exciting
empirical research on mediation is emerging, highlighting the importance of evaluation
(McDermott & Obar, 2004; Klerman & Klerman, 2015). In a very interesting paper, Balzer
& Schneider (2020) also studies mediation and evidence, where evidentiary hearing is
an outside option to the mediation process. By contrast, this paper highlights the use of

evidence in the mediation process.

Our adversarial model relates to the literature on mechanism design with hard evi-
dence. This paper contributes to the recent literature on evidence and mechanism design
(Hart, Kremer & Perry, 2017; Ben-Porath, Dekel & Lipman, 2020). There are two approach
to incorporate evidence: (i) verifiable disclosure of the informed party, and (ii) costly ver-
ification of the uninformed party. The early insight of this literature is that skepticism of
the receiver can force the sender to voluntarily disclose and unravels to full revelation
of truth (Grossman and Hart (1980), Grossman (1981), Milgrom (1981)). A large body of
literature followed and can be categorized into two strands: one maintains the GM as-
sumption and extends the conclusion, the other questions its robustness by bringing in
other elements. In the first category, Okuno-Fujiwara et al. (1990) extends the unravel-
ing result to more general games. Recently, Hart et al. (2017) shows that the uninformed
party’s commitment to transfer policy makes no difference to the outcome in a verifiable
disclosure setting. Ben-Porath et al. (2019) further generalizes that result to multi-player
mechanism design setting. In the second category, Jovanovic (1982) and ? show that some

information will be withheld if there is cost associated with disclosure 2. Following their

2QOther variations that support the withholding of information includes seller’s lack of information and
information acquisition by Dye (1986), Matthews and Postlewaite (1985), Farrel (1986), and Shavell (1994),
alternative market structure including one-sided market by Fishman and Hagerty (1995), and oligopoly by
Board (2009), and Hotz and Xiao (2013), and alternative category of information by Li and Madarasz (2008),
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approach, we pay particular attention to the cost of evidence, and we consider all pos-
sible communication protocols by studying the information design problem. Moreover,
we compare the disclosure setting to our main setup where it is the receiver who can re-
quest evidence. As such, we relax the assumption that off equilibrium message has to be

truthful.

Our inquisitorial model relates to the literature on principle-agent model with costly
state verification (Townsend (1979), Border and Sobel (1987), Mookherjee and Png (1989),
Glazer and Rubinstein (2004), Ben-Porath et al. (2014)). The main differences are three-
folds: i) In a model of costly verification, the uninformed party can directly learn the
true type at the cost. We instead explicitly specify the process of evaluation on top of
the evidence structure, and thus allow for risk consideration of information acquisition.
ii) our central concern in this paper is the communication process instead of the transfer
policy, iii) verification is committed in this literature, while evaluation of evidence has to

be obedient for the receiver in our paper.

2.2 Model

Primitives. There is a plaintiff, a defendant, and a mediator. Let Q) := [0, 1] be the state
space, where w denotes its typical member. Nature randomly selects a state w € () accord-
ing to some non-degenerate commonly known distribution #°(w), and secretly reveals it

to the plaintiff only.

Adversarial Mediation Plan. An adversarial mediation plan (AMP) is {7t (x|my, e), t1, t2}.

and Board (2012).
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Upon observing w, the plaintiff decides whether to pay a cost C > 0 to acquire an evi-
dence e € E. The mediator asks the plaintiff to submit the pair of the message and the
evidence (my,e) privately to the mediator. The mediator then converts the message 1,
and the evidence e to a public message x € IR>( according to a committed random map-
ping 7t(x|my,e), and announces x to both parties. Based on {x,t1,t,}, the two parties
decide upon whether to accept the recommended allocation (x — t1, —x — t3), and the me-
diator collects {t,t2}. Rejection leads to default allocation (w — L1, —w — Ly) (e.g. trial,

strike, war).

Inquisitorial Mediation Plan. An inquisitorial mediation plan (IMP) is {7t (x|my,e), t1, t2}.
The mediator asks the plaintiff to send a private message m; € M to the mediator. Based
on my, the mediator commits whether to pay a cost C > 0 to acquire an evidencee € E. The
mediator then converts the message m; and the evidence e to a public message x € R>g
according to a committed random mapping 7(x|my,e), and announces x to both par-
ties. Based on {x, t1, t}, the two parties decide upon whether to accept the recommended
allocation (x — t;, —x — t), and the mediator collects {t1,f>}. Rejection leads to default

allocation (w — L1, —w — Ly).

Payoffs. The plaintift’s payoff under the adversarial mediation plan is

x—t; —Cl{e # ¢} if an agreement is reached,
u =

w — Ly —Cl{e # g} otherwise.
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The defendant’s payoff under the adversarial mediation plan is

—x —tp if an agreement is reached,
Up =
—w — Ly otherwise.

The mediator’s profit under the adversarial mediation plan is

t; +tp if an agreement is reached,
) =
0 otherwise.

The plaintift’s payoff under the inquisitorial mediation plan is

x —t; if an agreement is reached,
u =
w — L1 otherwise.

The defendant’s payoff under the inquisitorial mediation plan is

—x —t, if an agreement is reached,
Uy =
—w — Ly otherwise.

The mediator’s profit under the inquisitorial mediation plan is

t1 +t, — Cl{e # ¢} if an agreement is reached,
T =

—Cl{e # &} otherwise.
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Strategy and Solution Concept. Every mediation plan induces a game between the
plaintiff and the defendant. In this game, denote the plaintiff’s mixed strategy under the
adversarial mediation plan as &7 : Q — A(M; x E), the plaintiff’s mixed strategy under
the inquisitorial mediation plan as &7 : O — A(M7), and the defendant’s mixed strategy
as 0» : My — A(R). To interpret, a pure strategy of the plaintiff under AMP is to pick
a pair of message m; and evidence e given the state w. A pure strategy of the plaintiff
under IMP is to pick a message m; given the state w. A pure strategy of the defendant is
to pick a real number as the amount of compensation given the public message x. We use

perfect Bayesian equilibrium as the solution concept.

Efficiency. A mediation plan is efficient if it maximizes the ex-ante total payoffs, i.e.,
E[u7 + us] subject to the plaintiff’s and defendant’s incentive compatibility and obedience

constraints, and the mediator’s budget constraint.

Profit Maximization. A mediation plan is profit-maximizing if it maximizes the ex-
pected profit of the mediator, i.e., [E[710] subject to the plaintiff’s and defendant’s incentive

compatibility and obedience constraints, and the mediator’s budget constraint.

2.3 Analysis: Optimal Mediation Plan

We restrict our attention to direct mechanism w.l.o.g. where the report is a type and
the message is an allocation. Given a direct mediation plan {7o(x|-), 7r1 (y|-), I(+), t;}, we
define some quantities that prove to be useful later. Define

w+Lo w+Ly
pn(w):f " o (x|w)dx, pn(w)xn(w):f ’ x77o(x|w)dx

W*Ll OJ*Ll
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where p,(w) is the probability of reaching an agreement if no evidence is presented or
requested, and pr(w)x;(w) is the expected settlement if no evidence is presented or re-

quested. Similarly, define

G+, G+,
@ = [ ey grl@ate)= [ ymiyiony

w—Lq w—Lq

where g, (w) is the probability of reaching an agreement if an evidence is presented or
requested, and g (w)yx(w) is the expected settlement if an evidence is presented or re-

quested.

Define X1 (w, @) and X, (w, @) as the expected payoff of the plaintiff and the defen-
dant respectively if no evidence is presented or requested. Define Y; (w, @) and Y>(w, @)
as the expected payoff of the plaintiff and the defendant respectively if an evidence is

presented or requested.

The expected payoffs for the plaintiff are

Xi(w, @) = pr(@)[xr(@) = ti] + (1 = pr(@))(w - L1)

Yl(CU,CD) _ qﬂ(w)[yn(CU) — tl] + (1 —qﬂ(a]))(w — Ll) if = w,

w—1 if © # w.

Similarly, the expected payoffs for the defendant are

Xp(w, @) = =pr(@)[xr(@) + b2] = (1 = pr(@))(w + L)

—qrn(@)[Yr(w) +t2] = (1 = gr(w))(w + Lp) if & = w,

—w+ Ly if @ # w.

Yz(w,cb) =
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The mediator needs to specify a different payoff when @ # w as a threat to provide in-
centives for the plaintiff to tell the truth. Since mediation is self-enforcing, the harshest
punishment in the off equilibrium Y; is to ask the two parties to proceed to outside op-
tions. Under such a threat there is no benefit from falsely reporting a @ that triggers the
verification for sure, conditioning on the participation constraints. Consequently, report-
ing under verification is always truthful, and we an denote the expected payoff under

verification simply as Y; (w, w) and Yz (w, w).

2.3.1 Welfare Maximization: Inquisitorial Model

The efficient mediation plan determines {p(-), g (-), x=(-), y=(-), I(:), t;} to maximize the

total payoffs:

Xi(w,w) +

where the first constraint is the budget constraint for evidence acquisition, the second set of

constraints is individual rationality for the plaintiff, the third set of constraints is individ-
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ual rationality for the defendant, the last set of constraints is incentive compatibility for

double deviation of truth-telling and opting out.

Note that x(w), pr(w) are defined on {@|I(®) = 0}, and are free to choose on the
complement {@|I(®) = 1}. Likewise, yr(w),qx(w) are defined on {&|I(w) = 1}, and
are free to choose on {@W|I(@w) = 0}. The incentive compatibility for truth-telling can be
broken down into the following four cases:

Y1(w,w) = Yi(w,@) if [(w) =I(®)=1. (2.1)
This is equivalent to g(w)y(w) = gz (w)(w — L), which is implied by IR for plaintiff.
Xi(w,w) =2 Y1(w,@) ifI(w)=0,I(®)=1. (2.2)
This is equivalent to p(w)x(w) = pr(w)(w — L), which is implied by IR for plaintiff.
Xi(w,w) = X1(w, ) ifI(w) =I1(w)=0. (IC-M)
This is similar to a screening problem, and we can simplifies them as Myerson (1981).

Yi(w,w) = Xi(w, @) ifl(w)=1,1(@&) = 0. (IC-T)

This is similar to an auditing problem, and we can simplifies them as Townsend (1979).

We start with (IC-M).

Lemma 2.1. {x;(w), pr(w)} is incentive compatible, if and only if (i) p(w) is non-increasing

in w, and (ii) for any w € [w, @], X1 (w) = §'[1 — pr(@)]d@ + X7 (0).
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Lemma 2.1 is a variant of the celebrated Myerson lemma in the mediation problem
that establishes the necessary and sufficient conditions for a direct mechanism to be in-
centive compatible. The first condition ensures the weak monotonicity of the function p,
such that a higher type is always rewarded with a weakly higher probability of reaching
an agreement. The second condition shows that the expected payoff of different types of
the plaintiff are pinned down by the function p, and by the expected payoff of the lowest
type of the plaintiff X;(0). Any two indirect mechanism, which give rise to the same p,
and X;(0) once the plaintiff optimizes, therefore imply the same expected payoff for all
types of the plaintiff. It is easy to see that Yj(w) > Xj(w) plus IC-M imply IC-T; thus
given IC-M we only have to deal with Y; (w) > X;(w). Combining it with IR for plaintiff,

we have

r(@)yr(w) — ] 2 max{Xy(w) = (1 = gz(w)(w = L1)), gr(w)(w = L1)},  (23)

which states that the expected payoff of the plaintiff whose type is verified by the evi-
dence should be weakly larger than both the expected payoff without verification (i.e.,
Xj(w)) and the outside option (i.e., w — L1). Otherwise, the plaintiff would either misre-
port his type to avoid verification or to opt out mediation. The next lemma tells us that

this constraint is binding.

Lemma 2.2. For any w € [0,1], gr(w)yr(w) — t1] = max{Xj(w) — (1 — gr(w))(w —

L), gr(w)(w = L)} if gr(w) <1, yr(w) =t = max{Xy(w), @ = L1} if gr(w) = 1.

Lemma 2.2 is an extension of lemma 3.1 in Townsend (1979) to the mediation prob-
lem, and it follows from the optimality of the mediation plan. Suppose this constraint
is non-binding, then it would always be possible to reduce y,(w) — t; without violating
any incentive or budget constraint. Doing so would relax the defendant’s participation

constraint and thus make it feasible to raise the agreement probability g-(w). Thus a
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mediation plan with this constraint being non-binding would involve inefficiently low

settlement rate.

We know Xj(w) is determined by pr(w) and X;(0). Now consider the following

program

1
min  (Ly + Lo) jo 1 1(w)][1 - pr()]p(w)dew

pr(w)

(2.4)

s.t.  pr(w)is non-increasing

Lemma 2.3. p,(w) solves the above program if there exists a wj such that

1 ifw < wj,
pr(w) = I (2.5)
0 ifw > wj.

Lemma 2.3 is an application of the extreme point theorem which states that a func-
tion p that is an extreme point and that maximizes the total payoffs among all extreme
points also maximizes the total payoffs among all functions. We may thus simplify the
mediation problem further: instead of considering all weakly monotone functions, it is
sufficient to restrict our attention to the set of extreme points which requires p, € {0, 1}
for all w. And an extreme point is monotone if and only if it is a step function. Thus
pr is characterized by a single threshold type wj. The mediator always recommend an
agreement for reports below w7, and always recommend the outside option for reports

above wj. Combining lemma 2.3 with lemma 2.1, we have

X () X1(0) if w < wi, 26)
1\w) = .
w—wi+X1(0) if w> wj.
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By definition, this implies x(w) — t; = x7(0) — t; = w} — L1 for w € [0, w]]. Therefore,

wi—L1+t ifw < ws,
xelw)={ 1 : (2.7)

w—-Li+tH ifw>wi.

It is straightforward to check that this satisfies IR for plaintiff, i.e., x;(0) — t; > w — L1 for
w € [0,wf] and w — L1 > w — L; for w € (wj,1]. IR for the defendant requires whenever

w € [0,wi], x7(0) + t» < E[w|w < wf] + Ly. Thatis, for a wj to be feasible, it has to satisfy

w}‘ — ]E[(JJ|(U < wf] < L1 + L2 — (tl + tz). (28)

Corollary 2.1. wj € {'|ow’ — E[w|w < '] < >;(Li —t)}.

Notice that so long as L1 + L, > t; + t, such a wj always exist. As either L; or
L, becomes larger, this set possibly grows larger. As either ¢; or t; becomes larger, this
set shrinks. In general, there could be multiple wj satisfying this condition. To have a
unique wj, we need v’ — E{w|w < '] to be a monotone increasing function of w’. Figure
2.1 depicts a unique threshold w} when w’ — E{w|w < «'] to be a monotone increasing
function of w’. As shown by Burdett (1996), the necessary and sufficient condition would
be a restriction on #°(w) such that {“_ F(x)dx is log-concave. This can be satisfied if the
distribution F(w) is log-concave (but not necessarily). Several well-known distributions

are log-concave, e.g., uniform, normal, and exponential distributions.

Lemma 24. g (w) = 1 forany w € {w|[(w) = 1} if t1 + tp < L1 + Lp.

The first best g, (w) = 1 can be obtained because evidence fully reveals w. As long
as the mediation fee is less than the loss from the outside option, both parties prefer to

settle in this ex-post complete information environment.
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Figure 2.1: A Unique Threshold

Now the only task remaining is to choose which set of types to verify. The goal of
the mediation is to help the parties make the most informed decision with the least cost
of evidence. As such, the optimality consists of two intuitive requirements: provide more

information and optimize the use of evidence. Let AT be the shadow price of the budget.

Lemma 2.5. {w|I(w) = 1} is a connected set, and is nonempty if >,. L; = ArC + (1 — A1) > ti.

To understand lemma 2.5, rewrite the condition as >, L; — >;t; = Ar(C — > ;).
The left-hand side is the increased size of pie due to a higher settlement rate, whereas
the right-hand side is the utility value of a deficit in the budget. The mediator will ac-
quire evidence on type w if the benefit justifies the cost. The benefit is the improvement
in the settlement rates g, (w) — pr(w). The cost is the mediation fees that balance the
budget for evidence acquisition. Thus I(w) = 1 if either the increase in the size of pie
is relatively large or the cost of evidence is relatively small. Equivalently, this condition
requires the shadow price does not exceed the fraction ZICLL;ZZ#' such that evidence ac-
quisition is worth the dollar. Notice that in the special case } ; t; = 0, the fraction becomes

simply the loss-evidence cost ratio, i.e., (L1 + Lp)/C.

A disconnected auditing set would be suboptimal, since then an improvement is

available by shifting to a connected set with the same probability mass. Such a shift would
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make it possible to relax the participation constraint and raise the settlement probability.

By lemma 2.5, {w|I(w) = 1} = [wj,1]. The budget constraint implies
t +to = C[1 - FO(w})], (2.9)
where FO(w) is the CDF of prior belief. The two other constraints on transfers are

t1+t <L+ Ly — (w] —Elww < wj]) ifw<wi,
(2.10)

t1+t) <Li+ Lo if w> wj.

Lemma 2.6. In any efficient inquisitorial mediation plan, t; + t, = C[1 — F(w7)].

In an efficient mediation, both the budget constraint and the participation constraint
for the defendant are binding. Given a threshold mechanism, the budget constraint be-

comes t1 + tp = C[1 — F(wj)]. Note that the distribution of the fees is indeterminate.

Proposition 2.1. An efficient inquisitorial mediation plan is characterized by a threshold w7 such
that wi — Elw|w < w?] = L1 + Ly — C[1 — FO(w?)],

I(
I

forany w < wi, I(w)
forany w > wi, I(w) =1, gz(w) =1, and yz(w) € [w — L1 + t,w + Ly — t5],

=0, pr(w) =1,and xz(w) = wj — L1 + 4,

where t1 + tp = C[1 — F(wj)].

Figure 2.2 depicts the efficient inquisitorial mediation plan shown in Proposition
2.1. Individual rationality constraints says that the motivator wants both players to get
at least their outside option, such that settlement is always weakly better off. Incentive
compatibility has two components, depending on whether the mediator audits. Because
the mediator can directly learn the truth, he knew whoever is lying. So he can punish

lying by refusing to mediate. He also has to ensure when he does not audit, the plaintiff
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Figure 2.2: Efficient Inquisitorial Mediation Plan

is also telling the truth that requires the p function to be monotone. So that a higher type

always have a weekly higher payoff.

Now, let’s say we have a candidate pool of all the feasible mediation plans. How
should we choose among them? Think about the mediators” objective. The mediator
wants the two parties to settle as much as possible. In the meantime, he wants to save
auditing cost and facilitative mediation does not cost anything. He will push that to the
limit. That’s where you find w7 in figure 2.1. Below w7, all cases are settled, they have
exactly the same allocation, and no transfer is ever being paid. But above wj, without
evaluation all cases go to trial. If the cost of auditing is less or equal to the total loss of
going to court, then it is worthwhile to audit. Once the mediator audits, omega becomes
common knowledge. The plaintiff and the defendant will realize they have a common
interest to avoid the loss for both of them. So they are willing to settle, and they are willing
to pay for the auditing cost. How do I know it’s a threshold but not any other partitions?
Weaker cases are always easier to settle. You can tell that from the monotonicity of the p

function.
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2.3.2 Welfare Maximization: Adversarial Model

The expected payoffs for the plaintiff are

Xi(w, @) = pr(@)[x7(@) = ] + (1 = pr(@))(w = L1)

Yy (w, @) = gr(w)yr(w) —tH]+ (1 —gr(w))(w—-L1) f@=w,

w—1 if © # w.

Similarly, the expected payoffs for the defendant are

Xp(w, @) = =pr(@)[xr(@) + ba] = (1 = pr(@))(w + L2)

—qr(W)[yr(w) +ta] = (1 = gn(w))(w + L2) if @
—w + Ly if @ # w.

w,
Yz(w,dj) =

The efficient mediation plan determines {p(-),g=(-), x(:),y=(:), I(-), t;} to maxi-

mize the total payoffs:

max{X1 (CL),C:)) + I(Cf)) [Yl ((JJ,(D) — X1 (w, d])], w — Ll}, V(U,Ct)

where the first constraint is the obedience constraint for evidence disclosure, the second set of
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constraints is individual rationality for the plaintiff, the third set of constraints is individ-
ual rationality for the defendant, the last set of constraints is incentive compatibility for

double deviation of truth-telling and opting out.

We can proceed as before. Lemma 2.1 holds. The obedience constraint in effect
strength (IC-T). Because of that, we need a revised version of lemma 2.2 for the adversar-

ial mediation plan.

Lemma 2.7. Forany w € [0,1], gz (w)[yx(w) — t1] = max{X1(w) — (1 = gz(w))(w — L1) +
C qrn(w)(w —L1)} if grn(w) < 1, yn(w) — ty = max{Xy(w) + C,w — L1},

Lemma 2.3 holds such that there exists a w? where p,(w) = 1 for w € [0, w’]| and
pr(w) = 0for w € (w?, 1]. It follows that for w € [0, w?], ¥z (w) — t1 = w’ — L. Combined

with IR for the defendant, we have

wj‘q—IE[w]w <CUZ] <Li+L,— (t1+f2). (2.11)

The revised version of Lemma 2.4 in an adversarial mediation plan has to take the
burden of proof for the plaintiff into account when comparing with her outside option,

and it is as follows:
Lemma 2.8. ;(w) =1 forany w € {w|I(w) =1} if C+t1 + 1ty < L1 + Lp.

Proposition 2.2. An efficient inquisitorial mediation plan is characterized by a threshold w’ such
that w — Elw|w < w¥] = L1 + Ly,

forany w < w¥, I(w) =0, pr(w) =1, and x,(w) = wh — Ly,

forany w > w¥, I(w) =1, gr(w) =1, and y(w) € [w — L1 + C,w + Ly),

where t =1t = 0.
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Theorem 2.1. The ex-ante total payoffs under the efficient adversarial mediation plan is higher

than that under the efficient inquisitorial mediation plan.

The superiority of the adversarial procedure comes from its flexibility in allocating
the burden of proof. Under the inquisitorial procedure, the cost of evidence is evenly
shared by all types. By contrast, the adversarial model allows the parties to pay the cost
only when they need the evidence to settle. The adversarial model use evaluation more
efficiently. In fact, if the mediator can charge conditional fee in the inquisitorial model,
same welfare can be achieved. Theorem 2.1 is silent about any inefficient mediation plans.
It could be an inefficient adversarial plan generates lower payoffs than an inquisitorial

plan.

2.3.3 Profit Maximization: Inquisitorial Model

The profit-maximizing mediation plan determines {pr(-),q~(:), xz(-),y=(-),I(:),t;} to

maximize the expected profits of the mediator:

1
max o) [t + 1] fo (I(w)qn(w) +(1-I(w)) pﬂ(w)>y0(w)dw
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where the first constraint is the budget constraint for evidence acquisition, the second set of
constraints is individual rationality for the plaintiff, the third constraint is individual ra-
tionality for the defendant, the last set of constraints is incentive compatibility for double

deviation of truth-telling and opting out.

Proposition 2.3. A profit-maximizing inquisitorial mediation plan is characterized by a threshold
@r such that &; = argmin , w — E[w'|w’ < w] + C[1 — F(w)],

forany w < @1, [(w) =0, pr(w) =1, and xz(w) = &7 — L1 + t1,

forany w > &, I(w) =1, gz(w) =1, and yo(w) € [w — L1 + t1,w + Ly — 1],

where t1 + tp = L1 + Ly — (&) — Elw|w < @y]).

Profit maximization requires him to use evaluation for every single type w. The

inefficiency lies in the excessive use of evaluation.

2.3.4 Profit Maximization: Adversarial Model

The profit-maximizing mediation plan determines {px(-),q~(:), xz(-),y=(-),I(:),t;} to

maximize the expected profits of the mediator:

max{X1(w,®) + I(®)[Y1(w, ®) — X1 (w, )], w — L1}, Yw, @
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where the first constraint is the obedience constraint for evidence disclosure, the second set of
constraints is individual rationality for the plaintiff, the third set of constraints is individ-
ual rationality for the defendant, the last set of constraints is incentive compatibility for

double deviation of truth-telling and opting out.

Proposition 2.4. A profit-maximizing adversarial mediation plan is characterized by a threshold
@4 such that ©4 — E[w|w < ©4] = C,

forany w < &4, I(w) =0, pr(w) =1, and xz(w) = &g — L1 + 11,

forany w > &4, I(w) =1, qr(w) =1, and yz(w) € [w — L1+t + C,w + Ly — t5],

where t; +t, = L1 + Ly — C.

Theorem 2.2. The ex-ante profits under the profit-maximizing inquisitorial mediation plan is

higher than that under the profit-maximizing adversarial mediation plan.

The inquisitorial procedure is more flexible in extracting rents from the parties. Un-
der the inquisitorial procedure, the mediator can always choose to acquire evidence, en-
sure a settlement with the evidence, and collect mediation fee conditional on the settle-
ment. The inquisitorial procedure allows the mediator to extract the maximal rents from
the disputants, i.e., t; +t; = L1 + Lp — C. By contrast, the mediator has to satisfy the

obedience constraint for evidence disclosure under the adversarial procedure.

Comparing Theorems 2.2 and 2.1, we see a discrepancy in the choice of procedures:
a profit-maximizing mediator prefers the inquisitorial procedure, whereas a welfare-

maximizing mediator prefers the adversarial procedure.

Theorem 2.3. Full settlement of disputes is the outcome irrespective of the mediation procedures

or the mediator’s objective.

In all the optimal mediation plans, outside option is never triggered. This is easily
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understandable for the efficient mediation because triggering the outside option means
a loss to the total payoffs. It is perhaps surprising that this continues to be the case for
profit maximization. The fact that mediation fees can be collected only if the mediation
is successful partially align the objective of a self-interested mediator with that of a social

planner.

2.4 Empirical Implications

Our theory has two types of empirical implications. First, for a given mediation context,
it provides predictions on the mediator’s and the disputants’ behaviors, the settlement
rate and the settlement terms. Second, comparing across mediation contexts, it has impli-
cations for how the mediation practice should vary with the underlying parameters. The
model has two groups of underlying parameters: institutional parameters, which include
the distribution of the default division u(w); technological parameters, which consist of

the cost of evidence C and the cost of trial L1 and L.

Mediator’s behavior. In the optimal mediation plan, I(w) > 0 for some w. Eval-
uation is popular among professional mediators. McDermott and Obar (2004) studies
employment mediation programs under the Equal Employment Opportunity Commis-
sion. They find that 48.5% of the mediators used evaluative techniques, and 24.9% of the
mediators used hybrid techniques. Even in a mediation program labeled as facilitative, a

substantial number of mediators engage in evaluative behavior, mainly reality checking.

A key insight of the model is that a profit-maximizing mediator is biased towards in-

quisition. Unfortunately there is no direct test of this hypothesis. However, the empirical
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literature provides clues on how this might be true.

Settlement Rate. In the optimal mediation plan, The combination of evaluation and
facilitation yields much higher settlement rate than pure facilitation, i.e., Sé (I(w)gr(w) +
(1-I(w)) pr(w))dF(w) = S(l) pr(w)dF(w). Empirical studies on mediation in interna-
tional conflicts find that although facilitation can be effective at increasing the probability
of settlement and de-escalation of disputes (Dixon, 1996), evaluation appear more effec-
tive in ending the disputes (Fey and Ramsay, 2010). Building a measure of mediator in-
formation using the mediator’s diplomatic representation, its trading relationships, and
its military alliance with the countries in conflict, Savun (2008) finds that mediators with
access to independent information from these sources are much more likely to resolve

conflicts successfully.

In the optimal mediation plan, the settlement rate is 100%, i.e., S(l) (I(w)qn(w) +
(1-I(w)) pr(w))dF(w) = 1. Empirically mediation with hybrid techniques can lead to
very high settlement rate. Klerman and Klerman (2015) finds that a mediator’s proposal,
when used, leads to very high settlement rate (over 99 percent). Therefore, partial res-
olution of disputes results from the literature’s exclusive focus on facilitation, and full

resolution of disputes is the outcome once we incorporate evaluation.

Settlement Terms. In the optimal mediation plan, facilitation leads to a singleton
of settlement, i.e., x7(w) — t; = @ — L1, and evaluation has a range of settlement, i.e.,

Yr(w) —t € [w— L1, w + Ly — (t1 + t2)]. Evaluation leads to higher amount of settle-

foy ye(@)dF (@) (0 (w)dF(w) .

ment, i.e., miny;(w) > xz(w), or average dollar benefits Fay 2 e

McDermott and Obar (2004) finds that facilitation associates with lower and narrower

settlement, evaluation associates with higher and wider settlement.
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McDermott and Obar (2004) compares evaluation with counsel representation ver-
sus without representation. They find that when evaluative mediation is combined with
representation, the settlement is far more than if the evaluation was conducted without
representation ($31,276 vs. $5,988). When parties are represented by counsels, it is most
likely that the adversarial procedure would prevail. Without representation, evaluative
mediation is mostly close to the inquisitorial model. Our theory indeed predicts that the
average settlement Sg (I(w)yr(w) + (1 = I(w)) xx(w))dF(w) is lower in the inquisitorial

model as it allows the profit-maximizing mediator to extract more rent.

McDermott and Obar (2004) also finds a puzzling result: when asking about the dis-
putants’ satisfaction with the mediated outcome, facilitation was on average rated higher
than evaluation, even though evaluation results in higher amount of settlement. Our
model can explain this if we define satisfaction as the difference between the settlement
and the outside option, i.e., xz(w) — f; — (w — L1) and y(w) — t; — (w — Ly). It could be
that settlement under evaluation ends up in the lower end such that satisfaction under
evaluation is zero, i.e., miny;(w) — t; — (w — L1) = 0. In fact, for a profit-maximizing
mediator, even the higher end generates very little satisfaction as the mediator extracts
almost the entire rent, i.e., maxy,(w) —t; — (w — L1) = @& — Elw|w < @)]. Satisfac-

tion under facilitation, however, is positive for all w < @ and is higher for lower types.

(1 [t (@) —w]dF(w) _ Sa, Vn(@)-w]dF(w)
F(wr) T—F(@r)

, the average ratings is higher for fa-

\Y

Consequently,
cilitation than evaluation even though evaluation generates higher dollar benefit on the

book.
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2.5 Extensions and Robustness

2.5.1 Alternative Forms of Dispute Resolution: Arbitration

The arbitration problem with ex-ante IR is

The first constraint is the budget constraint for evidence acquisition, the second set of con-
straints is individual rationality for plaintiff, the third constraint is individual rationality

for player 2, the last set of constraints is incentive compatibility for truth-telling.

The only difference between arbitration and mediation is that two parties have to
agree ex-ante to the arbitration decision. So the self-enforcement constraint of mediation
is relaxed, and the ex-ante IR replaces the ex-interim IR in the mediation program. The
efficient arbitration plan is again a threshold mechanism where w* = min{w, L1 + L, —

]Eyo [w]}.
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2.5.2 Alternative Forms of Dispute Resolution: Negotiation

Shavell (1989) considers a screening game where the informed plaintiff can costless dis-
close verifiable private information and the uninformed defendant makes the offer. He
finds an equilibrium under which there are no trials: plaintiffs with strong cases reveal
their type, while plaintiffs with weak cases remain silent and receive a pooling offer that

all accept.

Sobel (1989), however, shows that costly voluntary disclosure will not take place if
the opposing party makes the final offer. If the plaintiff reveals her type but the defendant
makes the final offer, the defendant will gain all the benefits from settlement through this
final offer. Thus, there is no benefit to the plaintiff from revealing her type, and with
positive cost of disclosure, she strictly prefers to remain silent. As a consequence, no trial

equilibrium in Shavell (1989) will take place if and only if disclosure is costless.

2.5.3 Grossman-Milgrom Evidence Structure

In this subsection, we consider more general evidence structure under which our results
extend. We start with describing the availability of the evidence. It is common knowledge
that the pool of evidence is an exogenous mapping £: () — 22" that satisfies the following

two property:

a. Authenticity property: E € £(w) implies w € E.

b. Consistency property: ' € E € £(w) implies E € E(«’).
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Interpretation of £(w) is the set of events that can be proved conclusively by some doc-
uments or other forms of tangible evidence when the true state is w. The authenticity
property says that any evidence must contain truth. The consistency property states that
if an evidence available for w does not rule out «’, that evidence is also available when

the true state is «’.

We assume the evidence structure is complete such that £(w) = {E € 29w € E}.
If the true state is wy, the pool of evidence is {wy, {wo, wa}, {w1, wz}, A}, Likewise for wy
and wy. Following Bull and Watson (2007), in the adversarial model, plaintiff’s disclosure
strategy is to choose a pair of message and evidentiary action (m, E). Given the prior

yo(w), the true state w, and an evidence E, evidence disclosure updates belief as follows:

L 0 if ' ¢ E,
u (w'|E) = (2.12)

@m
s i @' e E

The Grossman-Milgrom evidence disqualifies some states of the world instead of directly
representing the truth. Any type outside the evidence cannot be true state. Belief regard-

ing types inside the evidence are Bayesian updated.

To study the inquisitorial model under this evidence structure, we have to go be-
yond what is currently available in the literature and formulate the technology of evi-
dence acquisition. Our formulation of the evidence acquisition is based on this evidence
structure. The mediator specifies an intended evidence E, and observes the realization of
an indicator variable p € {T, F} where p = T means the intended evidence is available, i.e.,
E € £(w) and p = F means the intended evidence is not available, i.e., E ¢ £(w). Given

the prior yO, the true state w, the intended evidence E, and the realization p, evidence
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acquisition updates belief as follows: if p = T such that w € E,

. 0 if o ¢ E,
w(W'|E,T) = ) (2.13)
e e E
2aek H(@[m) ’
if o = Fsuchthatw ¢ E,
0 ifw € E,

ut(«'|E,F) = (2.14)

@m
S itamy @' ¢ E.

If the intended evidence is acquired, evaluation informs the mediator that any type out-
side the evidence cannot be truth. If the intended evidence is not acquired, evaluation is
not uninformative but instead tells the mediator that any type within the evidence cannot

be truth.

We now consider the implications of the Grossman-Milgrom evidence structure.
Once we move from costly auditing to costly evidence, two complications arise. The first
one is the evidence acquired will be a set instead of the true state. But that itself doesn’t
stop us from learning the truth, if E is chosen properly. In particular, when the plaintiff
reports omega, the mediator will check whether the true state is at least omega. If that’s
true, he will treat the type of the plaintiff as the smallest element in that set. So a higher
type will be assigned a finer set. No one wants to misreport. Otherwise, he will either
be found lying or he will receive a lower payoff that’s actually consistent with the classic

unraveling result in voluntary disclosure.

Let wy = infE(w) be the smallest element of the acquired evidence E(w). The
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expected payoffs for the plaintiff and the defendant are

r Yr(wg) — gr(wp)T(we)] + (1 - gr(wg))(w — L) if @ € E(®),
w—L if ¢ E(&).

f ~[yn(wg) + qr(wp)(we)] — (1 — g (wg))(w + L) if @ e E(w),
—w+1L if & ¢ E(&).

15)

\

—~

Proposition 2.5. {E(w), 7t (y|w)} solves the mediation problem with costly evidence if E(w) =
(w, 1] for any w such that [(w) = 1, g (y|w) = mo(x|w) for E = &, me(y|lw) = m1(y|w) for
E # .

2,54 Dye Evidence Structure

The complication added by the Dye evidence structure is that evaluation may be incon-
clusive. And that gives rise to the second threshold. That problem is similar to facilitative
mediation with one critical difference: the defendant, in his posterior belief, thinks being
inconclusive higher types are more likely, because the evidence assigned to them is harder
to find. In fact, we prove in the paper that if 77 satisfies a monotonicity condition, then the
second threshold can even reach the highest type, such that all cases can be settled if and

only if evaluative mediation is used.

Theorem 2.4. An efficient mediation plan with Dye evidence structure is characterized by two

thresholds {w*, w7} such that:

w* = sup{w|w — E[|w' < w] = L1+ Ly},

wj = min {w, sup{w|w — E;[o'|w' € [w*, w]] = L1 + L, — C}}
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(i) Forany w < w*, E(w) = &, t1 = tp =0, pr(w) = 1, and xz(w) = w* — Ly;

(ii) For any w > w*:

ifC>Li+ Ly thenE(w) =, ty =t =0, pr(w) =0;if C < Ly + Ly, then E(w) = [w, @),
i+t = C qr(w) = 1, yr(w) € [w — Ly + t1,w + Ly — tp]. (iii) For any w € [w*, wj],
re(w) =1, zz(w) = wf — Ly,

(iv) For any w > wj, rx(w) = 0.

2.6 Concluding Remarks

This paper studies the efficient mediation procedure where disputants are asymmetrically
informed and hard evidence can be acquired probabilistically at a cost. A mediator com-
mits ex-ante to a mediation plan that generates stochastic messages for the uninformed
party, based on the informed party’s reports, and acquired costly evidence. The model
encompasses both facilitative mediation where mediator only transmits information, and
evaluative mediation where mediator bases recommendation on evidence, thus has to

acquire information.

The efficient mediation plan features a simple threshold partitioning the ordered
state space into truth set (where truth is revealed by the evidence) and pooling set (where
no evidence is acquired or presented). Below the threshold, the mediator facilitates, all
types are settled, and the settlement is the same across types. Above the threshold, the
mediator evaluates, all types are settled, and a range of settlements can be implemented
but the lower bound and the upper bound both increases with the type. Both the effi-
cient adversarial mediation plan and the efficient inquisitorial mediation plan are such

threshold mechanisms. As a result, our first theorem states that irrespective of the proce-
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dures, full resolution of disputes is the efficient outcome. Therefore, partial resolution of
disputes results from the literature’s exclusive focus on facilitation, and full resolution of

disputes is implementable once we incorporate evaluation.

While facilitation is the exclusive focus of previous literature, our findings sug-
gest that evaluation is equally important for efficiency. Our results speak directly to the
evaluative-facilitative debate central in mediation. Our findings highlight mediation de-
fault, which bears implications for the design of online platform, dispute resolution, rat-

ings, and international relations.

Our efficient mediation appears consistent with several empirical findings (McDer-
mott & Obar, 2004; Klerman & Klerman, 2015). Substantial percent of mediators use both
evaluative and facilitative techniques, and/or “hybrid” techniques. A mediator’s pro-
posal, when used, leads to very high settlement rate (over 99 percent). Pure facilitation
has a comparatively narrow range of settlement. Evaluation results in higher amount of

settlement.

We conclude this paper by relating it to the literature that no unmediated negoti-
ation procedures can achieve the same mediated result. Mediation has a strict benefit.
We also advocate the policy of mediation default to resolve costly disputes, especially in
developing countries where the legal costs are high, and with the advancement in infor-

mation technology, the cost of evaluation is getting lower and lower.
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2.A Appendix A. Proofs
Appendix A. Proofs

Direct Mechanism

The following revelation principle is in the spirit of Myerson (1991). The following lemma

tells us that we can focus only on direct, truthful, and obedient mediation plans.

Lemma 2.9. Given an arbitrary mediation plan 7t(m,|ms) which implements a random mapping
from states to joint distributions of (D, a) as an outcome of a perfect Bayesian equilibrium, there
exists a direct, truthful, and obedient mediation plan 7t(D,ar,ap|w) that implements the same

random mapping as an outcome of a perfect Bayesian equilibrium.

Proof. Construct a direct mechanism 7t using type report w as input and a recommended

set D and recommended action a, contingent on p = {T, F} as the output:

My Mg

(D, ar,arlw) = ZZ <H 7a(az|D, mr,p)> 0 (D|my ) 7t (my|ms) 05 (ms|w).

In the following, we verify that this mechanism implements the same distribution of out-
comes by means of a truthful and obedient PBE, where 05(w|w) = 1, 0;(D|D,ar,ar) =1,

and o,(a;|D,ar,af,p) = 1.
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First, the sender finds truth-telling optimal:

Us(wlw) = Z a; Pr(p|D,w)m(D,ar,ap|w)
D,p,a,

= Z a,0,(ar|D,my, T)d4(ap|D, my, F) Pr(p|D, w)dy(D|m;) 7t (m|ms) s (ms|w)
ms,my,D,p,a;

Z a,0,(at|D, my, T)G,(ap|D, my, F) Pr(p|D, w)d,(D|m,) 7t (m,|ms)7s (ms|w")
ms,my,D,p0,a;
= Z a; Pr(p|D, w)m(D,ar,ap|w') = Us(w'|w),

D,p,a;

\Y

where the inequality follows because in the original PBE, &;(-|w) is a better strategy than

0s(-|w’) when the true state is w.

Second, the receiver’s beliefs are consistent with the equilibrium. Upon receiving

recommendation (D, ar, ar),

1 _ n(D,ar, ar|w)p’(w)
pwlD,ar ar) = > (D, ar, ap|w)u’(w)

VO(‘U) Zm, st (I 2 alaz| D, my, p)) &7 (Dlmy) 7t (my|ms ) & (ms|w)
Y (W) Zm, st (I, @a(az|D, my, p)) & (D|my ) 7t (my|ms ) 75 (ms|w)”

Upon receiving recommendation (D, ar, ar) and seeing the test outcome p,

1 (w‘ ,ar, ag, ) - u!(w|D,ar,ar) ifweD
Ywtep H' (w|D,ar,ar) |
*(wD F) " e o
w ,ar,aF, - |
u (w|D,ar,ar plwDarar) e g p. (

Y w’epe W (w|D,ar,ar)

115



Third, the receiver finds obedience optimal. Notice that by Bayes’ rule,

Y (w|D,ar,ar) = Z Pr(m,|D,ar,ar)fi' (w|m;),

ny

where jit(w|m;) is the receiver’s belief upon receiving message m, in the original PBE.
Therefore, for every m, such that the receiver’s strategy selects plan (D, ar, ar) with pos-

itive probability in the original PBE, we have:

2, v(az,w) Pr(p| D, w)fi* (wlny) — c(D)

p,w

> Z v(al, w) Pr(p|D’, w) it (w|m,) — c(D’),

p.w

for any (D’,a’.,a’.). Averaging over all such m,, we know that in the direct mediation
y T/ 4F gmg

plan:

U,(D,ar,ag|D,ar,ar) = Z v(az, w) Pr(o|D,w)ut(w|D, ar,ar) — c(D)

0,w

= ZPr(mr|D,aT, ar) Z v(az, w) Pr(p|D,w) it (w|m,) —c(D)
m, oW

> Z Pr(m,|D,ar,ar) Z v(al, w) Pr(p|D’, w)iit (w|m,) — c(D’)
my p.w

= Z v(al, w) Pr(p|D’,w)ut(w|D,ar,ar) — c(D’)
oW

= U,(D',a%,ar|D,ar,ar).
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Proof of Lemma 2.1

Proof. Consider two types w and @ where w > @. IC-M requires

plw)x(w) + (1 -p(w))(w-L) = p(@)x(@) + (1-p(@))(w-L)

p(@)x(@) + (1 - p(

S
S
|
=
Y
=
£
=
£
+
=
|
=
£
B
|
Ky

Since w > @, we have pr(w) < p(@).
Equation IC-M means that for all w, we have
Xi(w) = =~ max  p(@)x(@) - (1-p(@))L+(1-p(@))w
we{®|I(w)=0}

By envelop theorem, we have X (w) = 1 — px(w) whenever differentiable.

(2.17)

(2.18)

(2.19)

By the second fundamental theorem of calculus (Royden and Fitzpatrick (2010)

shows it extends to piece-wise differentiability), we obtain

X1 (w) = fow[l —p(@)]dw + X1(0) Vow.
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Proof of Lemma 2.2

Proof. If g (w) = 0, since X1(w) — (1 — gz(w))(w — L) < 0, the equation holds.

Assume g (w) € (0,1), suppose y(w) > max{ 22((5)) — 1;:?(5)(;’) (w—1L),(w—-L)}.
There exists j(w) > w — L1 and §(w) < yz(w). Observe that jj(w) is feasible but would
relax the IR constraint for the defendant and thus make it feasible to raise the agreement
probability §(w) > gx(w). This contradicts the fact that g, (w) is a maximizer. Therefore,

gr(w)yr(w) = max{X;(w) — (1 —gr(w))(w — L), gz (w)(w — L)} for all w where g (w) <
1.

If g7 (w) = 1, then IC is not binding and y-(w) = max{X;(w), (w — L)}. O

Proof of Lemma 2.3

Proof. Let P be the set of all bounded non-increasing functions such that p,(w) €
[0,1]Vw € [0,1]. This is the set the designer can choose. We endow P with the linear

structure and the metrics induced by L'-norm.
Notice that P is compact and convex. Denote Ly as the objective function and notice
further that Ly is continuous and linear in pr(w). By the Extreme Point Theorem (OK,

2007, p.658), the set of extreme points of P is nonempty which includes a p(w) such that

Lo(pr(w)) = Lo(f(w)) VpeP. (2.21)
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Therefore a function p;(w) that is an extreme point of P and that minimizes Lo
among all extreme points of P also minimizes Ly among all functions in P. A function
pr(w) is an extreme point of P if p,(w) € {0,1} for almost all w € [0, 1]. The designer can

thus restrict attention to non-stochastic p(w).

An extreme point pr(w) is non-increasing if and only if there exists a w* such that

1 if w < w?¥,

pr(w) = (2.22)
0 ifw> w*.

Proof of Lemma 2.4

Proof. q-(w) =1 for w € {w|I(w) = 1} obviously solves the unconstrained program. We

show it is also feasible in the constrained program if t; + ¢, < L; + Lj.

By lemma 2,

max{w* — Lj,w— L1} =w* - L1 if [(w) = 1&w < w¥,
yalw) —t = (2.23)
w— Ly if (w) = 1&w > w*.

It remains to check whether IR constraint for the defendant is satisfied. By Bayes rule,

119



Elw|l(w) =1 = w. If I(w) =1and w < w*, we have

yn(w)‘f'tZ =w'—-L1+H+b
<w'+ L — (w0 —w) (2.24)

=w+ Ly

If (w) =1and w > w*, we have

Yn(w)+thh=w—-Li+t+1
(2.25)

<w+ Ly

Proof of Lemma 2.5

Proof. Suppose the function I*(w) is a solution to the arbitration problem. Define /(w) to
be the deviation between I*(w) and some other feasible function I(w). For any constant
a, the function I(w) = I*(w) + ah(w) is also feasible. With both I*(w) and h(w) held

tixed, consider the Lagrangian as a function of g,

0

1
£(0) = | [1(0) + [I"(@) + ()] () - ga(@)) ] (S Li ~ 3101 ()i

1
+ ATJO {[I"(w) + ah(w)] [C ~ (pr(w) — gr(w)) Z t] — pr(w) Y.t} (w)dw

1

(2.26)
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By assumption, the function £(a) obtains its optimum at 4 = 0. This implies that

for all h(w), the first order derivative

1
= | ttpetw) =g ONRLi= Yt +ArlC @) e
(2.27)
Therefore, if h(w) > 0, [pr(w) — gr(w)][X; Li — 2 ti] < At[(pr(w) —gr(w)) > ti — Cl; if
hw) <0, [pr(w) — qr(w)][2; Li = 25 ti] = Ar[(pr(w) — gr(w)) X ti — C]. Since I" (w) +

ah(w) is feasible, it follows that

1 ifgr(w)— w) = ArC ,
I"(w) = ' Tn(@) = prlw) > 5 Li_(;+gT)Ziti (2.28)
0 if gr(w) — pr(w) < "

i Li—(1+AT) X"

Since p,(w) is non-increasing, {w|I(w) = 1} is a nonempty connected set if (i) there

exists w such that g (w) — pr(w) = 5 Lﬁ(}l‘fﬁﬂ STh (i) g7 (w) is non-decreasing in [0, 1].

Set gr(w) = 0 for w € [0,wy), then g (w) is non-decreasing. It follows that (i) becomes

>iLi = ArC+ (14 Ar) D, t;, the stated condition. O

Proof of Lemma 2.6

Proof. In an efficient mediation, the budget constraint has to be binding, otherwise we

can always increase the total payoffs by reducing ¢; + t,. The optimality conditions for

121

w<0 VYVa>0



I(w) becomes

1 if gr(w) — pr(w) = A1,
Hw) = if g7(w) — pr(w) L;féz (2.29)
0 if gr(w) — pr(w) < 15

B 1 if A7C < L1+ Ly, (2.30)

0 otherwise.
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CHAPTER 3
PROFIT-CAP POLICY: THEORY AND APPLICATIONS

3.1 Introduction

The large profits earned by some industries, such as the Big Tech or Big Pharma, have
been a source of much debate and acrimony in recent times. The quandary is created by
the fact that their production technologies are characterized by economies of scale that
make it difficult to solve the problem by the traditional method of using antitrust law to
break up these large corporations into several small firms, and additionally by the fact
that these industries provide goods and services that are considered essential in today’s
world, and so we cannot risk damaging their incentive to produce by our zealousness to
curtail their profits. The problem has been heightened by the recent controversy concern-
ing the global availability of COVID-19 vaccines, which have generated large profits but

at the same time are in short supply in most developing economies.

How we reconcile these conflicting objectives and get these firms to supply more,
and to reach more consumers, without making demands on them in ways so unmindful of
incentives that the policy backfires, resulting in the corporations cutting down production
or even closing down, is the big challenge. It is for this reason that many nations, such
as Germany and Switzerland, have resisted the popular demand to revoke patents. In
the long run this may damage production by hurting the incentive of firms to undertake

costly research and produce new drugs.

This is an important debate that will, no doubt, play out for a while. The aim of this

paper is to draw on economic theory to make a small contribution to a segment of this
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debate. It is a simple theoretical result that we prove here but we believe it can have large,

real-life policy implications.

In most industrial settings, the policy of curtailing profit tends to go hand in hand
with damaging incentives and the efficiency of markets, which in turn causes supply to
drop (Katz and Rosen, 1985, Levin, 1985, Vives, 1999). In many industries, such as for
those producing luxury goods, we may decide that the price of some efficiency loss is
worth it in order to curtail mega profits accruing in a few hands. But for essential goods
and services such as vaccines and telecommunication we do not have that latitude. This
is one reason why, despite the large profits earned by the Big Tech and the Big Pharma

economists hesitate to recommend the blunt policy of curtailing their profits.

What is missed out in this traditional argument is the fact that a restriction on prof-
its, when placed on a group of two or more firms works very differently from when the
restrictions are firm-specific. What we show in this paper is that if a profit cap is set, for
instance, on the entire vaccine producing sector, that is on the total profit of the indus-
try, that may increase, rather than decrease, the supply of vaccines and enhance overall
efficiency. If an aggregate profit cap is placed on all the big pharmaceutical firms, in a spe-
cific way (to be clarified later), that can heighten competition among these firms, making
them produce more and driving the oligopoly towards the competitive equilibrium. In
other words, a profit cap, done right, can be a virtual substitute for antitrust law, with the
advantage that this is achieved without breaking up firms (which hurts consumers buy-
ing from sectors like the Big Tech and the pharmaceutical industry, where there are large,
natural economies of scale). One interesting by-product of this analysis is the "duopoly

rule,” which shows that, in some circumstances, the ideal market structure is the duopoly.

These abstract theoretical insights can then be used to design other kinds of inter-
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ventions that are being talked about nowadays. There is, for instance, talk of mandatory
donations of vaccines by corporations, which would then be used by the governments
of advanced economies to distribute vaccines to developing countries that are unable
to compete and buy enough vaccines for their citizenry. But how should we distribute
the mandatory donation responsibility across the firms without damaging their incentive
to produce? The main result in the paper gives a surprising insight into the design of
mandatory donation. The main result also has implications for e-commerce and digital

platforms” antitrust problem.

3.1.1 Related Literature

This paper contributes to the literature on regulations in oligopoly markets (Armstrong
and Sappington, 2007). The two main policy instruments studied extensively in the lit-
erature are price caps, and taxation. The goal of the policies is to increase welfare by
curbing market power. The literature on price cap shows that under deterministic de-
mand, imposing a profit cap expands total output and increases consumer welfare and
total welfare (Earle et al., 2007). ! The literature on taxation shows that imposition of the
tax unambiguously reduce total output, but may increase industry profits in some cases
(Katz and Rosen, 1985, Levin, 1985, Myles, 1987). To our knowledge, this is the first paper
in the literature that studies the welfare improving role of a profit-cap policy. In doing so,
we consider the design of ex-post liability to enforce this policy, and allow for a range of
policy instruments, including taxation and donation requirement. The desirable effect of
this policy cannot be replicated by taxation alone; in fact, in our equilibrium the tax rate

is zero. The effect might be reached by a price cap. However, the price-cap literature is

1See Grimm and Zottl (2010) for a general characterization of the case under stochastic demand,
Reynolds and Rietzke (2018) for the case of endogenous entry.
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silent on the enforcement problem (i.e., what happens when firms do not respect the price
cap) and cannot be easily translated as a donation requirement. In this sense, our paper

is complementary to the literature on price cap.

The industry-level profit cap this paper proposes is reminiscent of joint liability
where if one individual deviates from the prescribed behavior, the entire group is held li-
able. The idea that joint liability has the potential to improve social welfare has been well
established in the microfinance lending literature (Ghatak and Guinnane, 1999, Besley
and Coate, 1995) and recently extended to the sovereign debt literature (Basu and Stiglitz,
2015). In this paper, the firms have no contractual relationship or common collateral, but
the fact that tax liability is applied universally if any firm disregard the profit cap gives
every firm an incentive to expand output prescribed by the profit cap. To our knowledge,
this is the first paper that applies the idea of joint liability to support a regulation in the

product market.

The rest of the paper proceeds as follows. Section 3.2 presents a profit cap model
with linear demand and states the main result on profit cap and efficiency in such context.
Section 3.3 generalizes and analyzes the profit cap model by allowing general demand
functions and endogenous entry. Section 3.4 discusses the two applications of the theory

to vaccine supply and e-commerce. All formal proofs are relegated to Appendix 3.A.

3.2 A Simple Model on How Profit Caps Increase Efficiency

To understand the intuition which is crucial to extend the theoretical model to actual

domains of policy, we shall begin with a special case, with strong assumptions, which en-
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ables us to explain the gist of the analysis and one of the main results. Let N = {1,...,n}
be a set of n > 2 identical firms with a constant marginal cost of production ¢ > 0. The
firms engage in a Cournot competition with homogeneous good and a linear inverse mar-
ket demand function given by:

p(X) =a-bX,

for some a4,b > 0, and with X denoting the aggregate demand for the good. Further, let

us for now assume that firms do not incur any fixed cost of production.

The game happens as follows. In period 1, the government announces a profit cap
IT > 0 for the industry. This means that government has made a commitment to adjust
t to make sure that the industry’s profit does not exceed I'l. After seeing how much the
firms produce, government will set a per unit tax ¢ to ensure that total profit is less than
1. Government is a player that mechanically does this. The game that we are about to
describe may be called the “TT-oligopoly”. In period 2, all firms simultaneously announce

how much they will produce:
x = (x1,X2,...,%) = 0.
In period 3, government chooses f to make sure that total profit does not exceed IT.
Given x and ¢, firm i’s profit is
mi(x,t) = (a—bX)x; — (c + t)x;.

Define the industry profit

II(x,t) = Z mTi(x, t).

ieEN
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Formally, given the profit cap rule, this is how government selects ¢ in the IT-oligopoly.
If x is such that I1(x,0) < I, then t(x,IT) = 0. Otherwise, t = t(x,I1) is chosen such that
I1(x,t) = I1. Let X(IT) denotes the aggregate output of the industry in equilibrium. The

following theorem characterizes the equilibrium outcome of I'T-oligopoly.

Theorem 3.1. In the subgame perfect equilibrium of a I1-oligopoly, t = 0. As the profit cap de-
creases, total output increases, i.e., T <11 implies X (ﬁ’ ) =X (fI) AsTI — 0, the equilibrium

output of the T1-oligopoly converges to the competitive equilibrium.

We shall sketch the intuition behind the theorem. The formal proof is easy to create
out of that. Figure 3.1 shows the inverse demand function, marked DD, and also shows

the marginal cost curve, which is the horizontal line drawn through the point marked c.

: AN
| o Y
: ! ‘ X

X X' X* D

Figure 3.1: Linear Demand Example

We have also marked on the figure, a point C where the standard Cournot equilib-
rium occurs (that is, with no taxation), and the competitive equilibrium is of course at the

point of intersection between the demand curve and marginal cost curve, denoted by CE.

Now, suppose the game will be played as a IT-oligopoly (IT > 0). To see what the
equilibrium will be like draw the line defined by (p —c¢)X = I1, or p = I'l/X + c. This
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will be the rectangular hyperbola, with c being treated as the origin. The rectangular hy-
perbola is shown by the curved line marked RH. It follows that given the profit cap at I'l
and the inverse demand function the final equilibrium (p, X), that is, price and aggregate
production will be on the line DABB’ED. The segment of the demand curve to the right

of this results in aggregate profit that exceed I1.

Assume that the industry produces (x1,...,x,) such that X = Y7 ; x; is as shown
in Figure 3.1. If there was no tax, price would be at p as shown in the figure. It follows
that in the TT-oligopoly government will step in, in period 2, with a tax of t as shown in

the figure. This will ensure post-tax profit is I'T.

Could this be a subgame perfect equilibrium? Clearly not. Take any firm i. If this
firm unilaterally expands production, X will rise, say to X’. Government will then adjust
t so that the industry settles at B'. Clearly, the post-tax price at B’ is lower than at B. Hence
all the other firms with positive production will see their profit decline. Since total profit
at B and at B’ is the same, firm i’s profit would be higher at B". hence, B could not have

been an equilibrium.

By this reasoning equilibrium can only be at E. Note, if they were anywhere on
the demand curve DD, to the right of E, that cannot be an equilibrium, since on the
stretch ED, t = 0, and we know that with zero tax, the Cournot equilibrium is at point
C. And given our assumptions this is a stable equilibrium. So some firm would want to

unilaterally cut output.
The only thing that remains to be checked is whether E is indeed an equilibrium.

Mark the point on the horizontal axis below E by X*, as shown. Define x* = X*/n. Hence

if every firm produces x*, total output will be X* (where the regular demand curve meets
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rectangular hyperbola).

Let ¢(x;, x) be the profit earned by firm i when i produces x; and every other firm
produces x. Hence

¢(xj,x) =[a—b(x;+x(n—1))]x; —cx;.

Hence,

oP(xi,x) _ .
5—xi =a—Dbx(n—1)—2bx;—c. (3.1)

Let us denote the standard Cournot equilibrium output (with no profit cap) by X©. Thus,
XC (not shown in the figure) is the point vertically below C in Figure 3.1. Since all firms
are identical, in the standard Cournot equilibrium each firm produces x¢ = X¢/n. From

the fact that this is a Cournot equilibrium it follows that

54’(3(1‘/ xC)

(?xl-

=0.

x;=xC

Using 3.1, we therefore have
a—b(n+1)x"—c=0.

It follows that,

=a—-bn+1)x*—c<0

x;=x*
since x* > xC. Hence, if all firms are producing x* (that is, we are at point E in Figure 3.1),

no firm will want to produce more.

However, as we have already seen, in the IT-oligopoly no firm will want to cut

production (since that will result in government raising ¢ in stage 2 to hold industry-wide
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profit constant at I'T). It follows that every firm producing x* with total output being X*
and equilibrium tax rate, t* = 0 (all represented by point E in Figure 3.1) is part of the
subgame perfect equilibrium of IT-oligopoly. This establishes the claim in Theorem 1
that, in equilibrium, t = 0. Further as the profit cap become severe, that is, as IT falls the
rectangular hyperbola RH will shift to the left. Hence, the point of intersection with the
demand, that is, E, will shift to the right along the demand curve DD. This establishes
that as I'T converges to 0, the equilibrium output of the IT-oligopoly will converge to the

competitive equilibrium. This completes the proof of Theorem 1.

Before closing this section, it may be worth asking an interesting question. We just
saw that point E in Figure 3.1 with all firms producing the same amount of vaccines
(namely, x*) depicts a subgame perfect equilibrium of the TT-oligopoly. This however
does not tell us whether there are other equilibria where, of course, the same total amount,

X*, is produced but different firms produce different amounts.

The answer to this question is yes. For all TT-oligopoly where IT is less than the stan-
dard Cournot profit (that is, the profit cap is of some consequence, there will be subgame

perfect equilibria where the outcome is asymmetric across firms.

We will illustrate this with the case of duopoly, that is, n = 2. Let us assume Fig-
ure 3.1 illustrates the case of a duopoly. Thus C depicts the Cournot equilibrium of a
standard Cournot duopoly (that is, with no government intervention). As is well-known,
this equilibrium can also be depicted on a graph where the horizontal axis shows firm
1’s output, x1, and the vertical axis shows firm 2’s output, x,. If in this space we draw
the reaction functions or best-response functions of the two firms, as shown by R; and R;
in Figure 3.2, the point of intersection of the two reaction functions depicts the Cournot

equilibrium.
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Thus, point C in Figure 3.2 depicts the Cournot equilibrium and happens to be the
counterpart of C in Figure 3.1. Through C draw a (negatively-sloped) 45°-line as depicted
by the line AA. Clearly, the sum of x; and x; at each point on line AA adds up to X¢ =

x€ + x€.

A Subgame perfect equilibrium
outcomes of a II-duopoly
x* ,,,,,
xC ,,,,,,,,

Figure 3.2: Best-Response

Now consider the aggregate output depicted by X* in Figure 3.1. This is greater
than X© (which is the point vertically below C in Figure 3.1 on the horizontal axis). So
if we want to depict a line of (x1,x7) such that x; + xp = XC€, this will be a (negatively-
sloped) 45°-line to the right of AA. This is shown as BB in Figure 3.2. The mid-point of
this line (x*, x*) is the counterpart of the equilibrium point E in Figure 3.1. This is shown
as point E in Figure 3.2. In short, E in Figure 3.2 is also a depiction of the subgame perfect

equilibrium of the IT-oligopoly.

To see if there are other combinations of x; and x, that add up to X* and constitute
part of an equilibrium, we need to locate points (x1, x2) on the line BB such that neither
will want to unilaterally produce more. As we have already seen, producing less will

cause the tax rate to rise and this is never worthwhile, unilaterally.
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From the two reaction functions it is immediately obvious that all points (x1, xp) that
lie on the line BB and are above both reaction functions R; and Rj, constitute subgame

perfect equilibrium outcomes. Graphically, all points on the line segment FG and only

those points constitute equilibria of the IT-oligopoly.

To be more concrete, the reaction functions in Figure 3.2 are given by

a—c—bx a—c—bx
Rl(XZ) = TZ and RZ(Xl) = Tl

One can also think of a best-response of the whole IT-oligopoly game as:

R Rl(x]) for Rz(x]) + x]- ¢ [X,X]
R,‘(x]‘) = o o
X —x; for Ri(x;)+xje[X X]
where
_ — )2 —4bl
% (a c)—i—\/(a c)? —4bl1
2b
—c) - — )2 — 4bI1
X— (a—c) \/(a c) |

2b

Equilibrium outcomes of the II-oligopoly is given by (x1,x2) that solves x; = R;(x;) for

i,j = 1,2. One can see from Figure 3.2 that the equilibrium output X* is indeed X.

In general, %;¢ < X < . The upper bound occurs when IT = 0, while the lower

bound occurs at the monopoly profit I'T = (“2—;)2. If IT were to be any higher X would not

exist.

For the profit cap to be effective, however, we must have X¢ = 2(%—?) < X < 55,
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The line BB in Figure 3.2 shows x1 + x, = X, which demonstrates this case. The reason
for this is because in the linear model, the profit cap curve, I/ X + ¢, touches the demand
at the point where marginal revenue is c. This is at the monopoly quantity, %5, and it
happens at IT = %. At this level, the game is still not affected since the profit cap
curve does not yet “catch” the original Cournot. For the profit cap to be in effect, it has to
go down to the Cournot profit, IT = 2(‘19;;)2, or below. This corresponds to X = @ or

above.

3.3 General Model and Analysis

This section generalizes the I T-oligopoly model in two ways. First, we allow for general
inverse demand functions. Second, firms incur fixed costs when entering the market.

Only firms that chose to enter will be able to compete in the production stage.

3.3.1 General Demand Function

Consider the market for vaccines. Let us suppose the inverse demand function is given
by p(X), where X is the industry output and p’(X) < 0. The properties on this function
are specified later. As in standard oligopoly analysis, the demand comes from a multitude
of consumers who are price takers, whereas the supply is from a limited number of firms,

each of whose choice can affect price.

The global (inverse) demand p(X) is assumed to satisfy the following standard as-

sumptions:
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Assumption 3.1. p(0) € (¢, ) and there exists Z > 0 such that p(X) > 0 for X € [0,2) and
p(X) =0for X = Z.

Assumption 3.2. p(X) is twice-continuously differentiable and p’(X) < 0 for X € [0, Z).

Assumption 3.3. Forall X € [0,2), p'(X) 4+ p"(X)x; <0, for x; € [0, X].

Assumptions 1, 2, and 3 ensure that a unique Nash Equilibrium exists in the stan-
dard Cournot competition among the producing firms (Gaudet and Salant, 1991). We
denote the standard Cournot equilibrium by xNF and let XNE = 37, xNE. A useful obser-
vation is that Assumptions 1-3 imply a single-crossing condition of the marginal revenue
and such crossing occurs at the monopoly output in this market, XM. Further, define X"'¢

to be the perfectly competitive output, p(X"C) = c.

Lemma 3.1. MR(X) = p(X) + p/(X)X is strictly decreasing for X € [0, Z) and there exists a
unique XM € (0, Z) such that MR(XM) = c.

We analyze the profit cap subgame with fixed number of firms n. Given the output
profile x, the government sets the tax rate ¢ such that I1(x, t) = IT if the unregulated profit

I1(x,0) exceeds the profit cap I1.
The proposed implementation of the profit cap defines a function t = t(X,T1) for
the tax rate, which must satisfy t(X,IT)X = max{I1(X) — IT,0} since the tax revenue

must cover the excess industry profit, if any. This means that the profit cap tax satisfies:

t(X,IT) = max {p(X) — p(X,11),0}, (3.2)
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where g is the profit cap curve defined as

We can think of p(IT, X) as an inverse demand curve. Its corresponding the marginal

revenue curve has the property that it is constant at ¢ for all X.

Since the government commits to this tax scheme, we can solve for the equilibrium

output in stage 3 by deriving the firms’ reaction functions. This is given by

Ri(x_;) = argmax [p(x; + X_;) —c — t(x; + X_;, TD)]x;

x;=0

Define X(IT) and X(IT) as

X(I1) = inf {X : p(X) = p(X,T1)}
)

X(I1) = sup {X : p(X) = p(X, 1)}

with the convention that sup & = —o0 and inf & = o, so that [X(TT), X(IT)] = & when
p(X) = p(X,T1) has no solution. An important lemma is that the profit cap curve does

not cross the inverse demand curve more than twice.

Lemma 3.2. There exists at most two solutions to p(X) = p(X,T1). If the solution is unique,

then it is XM,

Another related lemma characterizes the behavior of X (IT) and X(IT).

A

Lemma 3.3. If IT > (p(XM) — c)XM, then [X(IT),X(IT)] = &. IfI1 = (p(XM) —c) XM,
then X(IT) = X(I1) = XM. AsT1 — 0, X(IT) — 0and X(IT) — X"C.
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The above lemmas ensure that the model with a general p(X) behaves the same way
as a linear demand when it comes to the profit cap result. Thus, the general analogue of

Theorem 3.1 holds.

Theorem 3.2. The equilibrium industry output with profit cap is

X*(11) = max{XNE, X(IT)}.

Moreover, the equilibrium profit is T1* = min{TINE,T1} and the equilibrium tax rate is zero,

t(X*,IT) = 0.

As a sanity check, if IT — o, then the profit cap is not binding and there is no

solution to p(X) = p(X,IT). Therefore, [X, X] is empty and R; = R; as expected.

3.3.2 Fixed Cost and Entry

Denote by M = {1,...,m}, m > 1, the set of firms that have the capability to innovate
and produce. Each of these firms, should it decide to get into vaccine production, has to
incur a fixed cost of f; in terms of R&D and other start ‘entry costs’. We shall follow the

convention of indexing firms by increasingly higher R& D fixed costs. Hence:

O0<fai<foo<fz<...<fu

Each firm has to decide, as in standard oligopoly, whether or not to incur the fixed cost
and enter the market, and if it does enter, it has to decide how much to produce in the

next period. However, in this analysis the firms have to be mindful of the fact that there
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is a government or regulator that sets a per unit tax, ¢, that all firms that produce have to
pay; and, further, the tax rate chosen by the government is dependant on the total amount
produced by the industry. > Hence, unlike in a standard Cournot oligopoly, producers
will now be aware that the amount produced by them will effect the value of t. We shall
model this by treating the government as a player in the game, who uses f to place a profit
cap, I, but an unusual one. It is a cap on the entire industry’s variable profit. We shall

call the (m + 1)-player game with m firms and the government, a “IT-oligopoly.”

Our aim is to show that placing a variable profit cap is a strategy that can be a
surprisingly powerful instrument not just to curb excessive profit, but to, at the same

time, encourage greater production of vaccines and higher overall efficiency.

The firms engage in a two-stage game. In the first stage, each firm chooses whether
or not to innovate, b; € {0,1}, by paying the fixed cost f; > 0. Firms that choose to
innovate, b; = 1, engage in a Cournot competition with the profit cap policy.®> Otherwise,
i chooses not to innovate, b; = 0, and does not enter the competition. Let N' = {i ¢ M :
b; = 1} be the set of firms that developed the vaccine. Denote by x = (x1,...,x,) = 0
the vector of their outputs, where firm i produces output x; at a constant marginal cost
c > 0, identical across all firms. Let X = ) ; x; denote aggregate output—the supply of
vaccines in the global market, and define X_; = X — x; to be the aggregate output of all

firms except firm i. The industry’s fixed cost is denoted F = } ;s fi.

Profit-cap Policy The tax rate t is chosen after production decision and it is propor-

2We think of ¢ abstractly as the tax rate in our analysis. It can be thought of as output tax, lowering the
market price of the good to, or as input tariff, increasing the marginal cost of production. Practically and
most interestingly, the tax can be thought of as requiring the firms to give away some of its output. This is
a donation requirement and we will discuss how to implement it in the next section.

3We assume that there is property rights. In absence of property rights, all firms can produce as long
as at least one firm chooses to innovate, assuming that there is no technological barrier once the firm has
the knowledge. For simplicity, we further assume that innovation leads to a guaranteed success and that
vaccines produced by different firms are identical.
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firms decide government applies
whether to enter per-unit tax ¢

entrants decide
outputs x;

Figure 3.3: The Timing of the Model

tional to how much the industry exceeds a predetermined industry variable profit cap
[1. Thatis, t = HX, fI) is set such that given the output X, the industry variable profit
never exceeds I'l. We denote firm i’s variable profit with tax level t and output profile
x = (x1,...,%n) as

i(x, t) = p(X)x; — cx; — tx; (3.3)

The industry variable profit depends only on the aggregate output:

(X, t) = Y mi(xt) = [p(X) —c—#]X (3.4)
ieN

We write T1(X,0) = I'I(X) for simplicity. It is important to note that the profit cap is on

the industry’s variable profit, I1(X), and not on the industry’s total profit IT(X) — F.

Timing. The timing of the IT-oligopoly game, depicted in Figure 3.3, is summarized

as follows:

(i) Firmsin M choose whether or not to innovate, b; € {0,1}, paying a fixed cost f; > 0.

(ii) Firmsin N = {i e M : b; = 1} engage in a Cournot competition, accruing industry

variable profit IT(X).

(iii) Government levies a per-unit tax t > 0 such that IT(X) — tX < I'L.

Solution Concept. The equilibrium concept we use is that of Subgame Perfect Equi-
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librium. The strategy of each firm includes two decisions: whether or not to innovate
and how much to produce given innovation. Firm i’s strategy is a tuple (b;, x;), where
b; : [0,0) x [0,20) — {0,1}, maps the announced profit cap and the firm’s cost of innova-
tion to an entry decision, and x; : 2 — [0, c0) maps the set of producers into a production
decision. For ease of exposition, we require that x;(N) = 0 if i ¢ A/. We say that a pro-
file of strategies (b}, x})icp constitutes a Subgame Perfect Equilibrium if the profile of

strategies constitutes a Nash Equilibrium of every subgames and write X* = >, x}.

Welfare. Government announces the profit cap IT > 0 and commits to a tax scheme
t = t(I1, X) to be imposed in the last period. For welfare comparison, define the total

surplus in the usual way as

producer surplus

X X , A~ .
TS(X) = jo (&)~ c]dé— F = jo (@) — p(X)]de + p(X) — ] X~ F,

- 7
v

consumer surplus

where X is the industry output and F = } ..\, f; is the sum of the development costs of
the producers. The surplus TS(X) is increasing in X. By nature of the standard Cournot
competition, more firms results in higher industry output, so the first term of expression
goes up. More firms, however, means higher total development costs. This is indeed
what happens if IT is high so as to not be binding. If IT is low, then firms may not find it
profitable to develop the product. This may lead to N' = &, which means zero output,

and consequently, zero social surplus.
As will be shown, an appropriately chosen profit cap can potentially increase output

beyond what would have occurred in its absence, while at the same time reducing the

number of firms that entered.
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Solving the game backwards, we split our analysis into two steps. First, we consider
the last two stages of the game. This is an n-firm Cournot competition with profit cap.
Second, we consider the entry decisions of m potential producers given the announced
profit cap. Moreover, we comment on how the government should choose the variable

profit cap.

Non-binding Profit Cap

Before analyzing the full game, let us first analyze the equilibrium entry decision
of the firms in the standard Cournot competition, that is, without imposing a profit cap.
For simplicity, assume that m = 3 and that the firms are indexed by non-decreasing fixed

costs: 0 < f1 < fo» < f3. Generalization to general m can be done straightforwardly.

Without profit cap,* the game consists of two periods, corresponding to the devel-

opment stage and the Cournot stage as shown in Figure 3.4.

firms decide
whether to enter

entrants decide
outputs x;

Figure 3.4: The Timing of the Game without Profit Cap

Let IT" denote the industry profit in the standard Cournot equilibrium with n firms.

With Assumptions 1-3, equilibrium is symmetric and each firm gets

Moreover, both I'T" and 7" are decreasing in 7.

4This is also the case when profit cap is too high. The game and its equilibrium behave as if there is no
profit cap. We go further into detail below.
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We start by noting that in the Cournot stage, firms that entered compete without
taking into account the fixed cost which was incurred prior to this stage. That is, once
entered, they behave as in the standard Cournot with n firms. Now, in the development
stage, firms play a simultaneous-move game, where each firm chooses whether or not to
develop the product.” Hence, the subgame perfect equilibrium of this two-stage game
(without profit cap) can be found by analyzing the normal form game in Table 3.1, where
tirm 3 chooses either the left or the right matrix, firm 2 chooses the column, and firm 1

chooses the row.

In Out
In Out In Out
In |- fi, 7 fo,®—fz | i®—f,0,7%> — f3 In | 7®—f, 7>~ £,,0 | 7' — £,0,0
Out 0,712 — fo, > — f3 0,0, 7' — f3 Out 0,7t — f»,0 0,0,0

Table 3.1: Normal-Form Game of Entry without Profit Cap

If all three firms choose to develop, profit to each firm from the Cournot stage would
be 713. The net profit to each firm would then be 713 — f;. For this to be an equilibrium, no
firm would want to unilaterally deviate. This holds if 7> > f; for all i. An equilibrium
with two firms, say firm 1 and firm 2, developing the product exists if firms 1 and 2 do not
want to unilaterally deviate, 72 > fi and 71> > f, and firm 3 does not want to develop,

< f3.

From this, one can see that the equilibrium entry decisions depend on the distribu-
tion of f;’s relative to 7"’s. For example, one can check thatif f; < 7° < f» < 7> < f3, then
{1,2} is a unique equilibrium. However, if fi < 71° < f, < f3 < 7%, then the equilibria are

{1,2} and {1, 3}. Two important special cases are of interest.

5This is not the same game as when firms choose both to develop (pay the fixed cost) and the quantity
of output simultaneously. In such a game, a unilateral deviation from no production to positive production
does not allow incumbent firms to re-optimize their choices. Consider a two-firm equilibrium with firms 1

and 2 producing x1 + x, = X? and enjoying profits 772 — f; and 7% — f,, respectively. A unilateral deviation
by an inactive firm, say firm 3, considers whether maxy, p(X? + x3)x3 > f3, not whether ° > f3 as in the
game we are studying.
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Proposition 3.1. If f; = f for all i, then equilibrium entry is

{23} if f<n
{1,2},{1,3},{2,3})} if @ <f<n?
{1}, {2}, 8} if P*<f<r

(o} if nt<f

M* = o

If fi < fo < 1 < f3, then M* = {{1,2}}.

Binding Profit Cap

With profit cap, we impose an assumption of symmetric equilibrium. Thus, when
the profit cap is binding, each firm produces the same output in equilibrium and receive

a profit of IT/n.

First, note that the analysis without profit cap is indeed what also happens when
profit cap I'Tis too high, so that it does not affect any equilibrium behavior. This is shown
in Figure 3.5 as the rectangular hyperbola IT > IT' does no intersect the demand DD.
As IT decreases to IT!, it touches the demand at C!. This is the monopoly output, where
marginal revenue equals marginal cost. Standard Cournot equilibrium is still not affected

at this profit cap.

Now, consider a profit cap such that I1® < I1 < I12. At this point, if n = 2, the
standard Cournot profit exceeds the profit cap, so each firm will increase production until
the point marked C2. At this point, each firm gets I1/2. If, however, three firms were to

come in, then their standard Cournot equilibrium does not exceed the profit. Equilibrium
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will be at C® and each firm gets IT3/3. Thus, in the Cournot competition with profit cap

Figure 3.5: Profit Cap with Entry

I'l, the equilibrium variable profit of each firm when there are  firms in the market is:

The subgame perfect equilibrium of the game with endogenous entry and profit cap IT

can then be found by analyzing the normal-form game in Table 3.2. This is the same game

At =

S|

as above, but with 7" instead of 7t".

In
In Out
In |-, o, f| /A2 f,0,7—f
Out 0,2 — fo, A2 — f3 0,0, 7' — f3

min{IT", IT}.

In
Out

Out
In Out
A% — f1, 72— f,0 | A1 — £1,0,0
0,7 — f,0 0,0,0

Table 3.2: Normal-Form Game of Entry with Profit Cap
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3.3.3 Optimal Profit Cap and the Duopoly Rule

The above analysis leads us to a rather interesting and attractive property of a duopoly.
Suppose the government cares about efficiency, that is, it wants to maximize the total
social surplus that is generated by the industry. How should government set the profit
cap? Ideally, the government would want a duopoly, with the two most efficient firms

(that is, with the lowest fixed costs) entering.

Why is the equilibrium {1,2} socially desirable? To see this, note that a profit cap
increases efficiency in two ways. First, if the number of firms is fixed, profit cap means
lower price and higher quantity output, thus higher total surplus. Second, it lowers the
number of firms in equilibrium, thereby lowering total fixed costs incurred by the indus-

try without affecting consumer surplus and variable profit.

This holds as long as there is competition among firms, so efficiency is guaranteed
to increase up to the point where only two firms choose to enter the market and the two
tirms that have the lowest development costs are indeed the most efficient ones. This idea

is what we term the “duopoly rule”.

There are however reasons why the government may not always be able to direct
the industry to this outcome. Note that proposition 3.1 implies that if we can choose I'T
such that f; < f, < A? < f3, then we can ensure that the unique equilibrium is {1,2}. Can
we always do this? The answer is no. First, note that since 7" < 7t", the equilibrium set of
entrants is always smaller with profit cap. So if fi < 772 < f, < f3 and only firm 1 enters
the market without profit cap, then with profit cap either only firm 1 still enters the market
or no one enters at all. Second, even if we can choose 1 to ensure a 2-firm equilibrium,

we may not be able to ensure the uniqueness of {1,2}. If, say 71° < f1 < fo = f3 < 7%,
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then any IT either result in M* = {{1}} or M* = {{1,2},{1,3},{2,3}}.

The duopoly rule is however interesting and worth keeping in mind for future work

on designing more sophisticated government interventions.

3.4 Two Applications of the Theory

The theory developed has policy significance. It can address some of the current discus-

sions on vaccination distribution.

Patent Waiver. There has been a lot of discussion on waiving intellectual property
protection on the COVID-19 vaccines. Originally proposed by countries such as India
and South Africa, the World Health Organization (WHO) as well as the Biden adminis-
tration have supported the waiver, while the European Union has been against it. In an
official statement, the US Trade Representative Katherine Tai said “the Administration
believes strongly in intellectual property protections, but in service of ending this pan-
demic, supports the waiver of those protections for COVID-19 vaccines.” The European
Commission, on the other hand, has proposed alternative policy® focusing on minimizing

trade restrictions and granting manufacturing licenses.

Opponents of the patent waiver argue that it is “the wrong tool for the right goal””
because the problems we face are shortages in vaccines manufacturing, which is not

solved by lifting the patent. Many argue that upholding patent right should in fact be

éwww.reuters.com /world /europe/ eu-executive-submits-vaccine-access-proposal-wto-2021-06-04 (ac-
cessed June 2021).

7https: / /blog.petrieflom.law.harvard.edu/2021/05/05/covid-vaccine-patent-waiver (accessed June
2021).
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a priority®: “the proposal undermines the very system that produced the life-saving sci-

ence in the first place. And it destroys the incentive for companies to take risks to find
solutions for the next health emergency.” Waiver the intellectual property right would be

“a bad precedent that would do no immediate good and substantial long-term harm.””

In terms of the current model, if the patent is waived, there will be free entry and,
over time, the market structure would move towards being perfectly competitive. In such
a competitive market with free entry, the price is equal to the marginal cost of production
and in equilibrium all firms earn zero profit. However, foreseeing such an outcome would
deter firms in the future to incur the fixed cost of innovation. Our policy proposal of profit
cap either via output tax or donation requirement discussed below can be viewed as an

alternative to patent waiver. It can be fine-tuned to retain the incentive for innovation.

Donation. In light of the recent announcement!’ that the US would donate 500
million doses of the Pfizer-BioNTech vaccines over the next year, it is interesting to see
how the profit cap scheme described above can be implemented via donation requirement

instead of imposing a per unit tax on vaccines.

Note that instead of the government purchasing the vaccines at cost from the firms
and then donating the vaccines as a “humanitarian obligation,” the government can re-
quire an industry-level donation of X, where &« > 0 works to cap industry profit the

same way as a unit tax does. Correspondingly, firm i then would donate ax; and its total

8https:/ /www.economist.com /by-invitation/2021/04 /20 /michelle-mcmurry-heath-on-maintaining-
intellectual-property-amid-covid-19 (accessed June 2021)
https:/ /www.wsj.com/articles/patent-busting-wont-help-vaccinate-the-world-faster-11620591133
(accessed May 2021).
Ohttps:/ /www.nytimes.com/2021/06/10/world/europe/biden-vaccine-500-million.html  (accessed
June 2021).
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production is (1 + «)x;. Firm i’s profit is then given by
mi(x, ) = p(X)x; — c(1+a)x;,
while the industry profit is

(X, a) = Z mi(x, ) = (p(X) —c(1+a))X.

Theorem 3.2 goes through in this implementation by defining the donation require-
ment as
a(X,1T) = t(X,IT) /c.
It is interesting to note that the donation requirement results in no donation in equilib-
rium. Yet, the requirement constraint is binding and it would work to broaden supply of
COVID-19 vaccines by driving up the production via competition, and driving down the
market price. In the limit, the donation requirement pushes the industry to produce at

the competitive level and lowering the market price.

3.4.1 E-commerce and Platforms’ Antitrust Problem

Suppose that there are n platforms for the product in question. The stage game of this
model is the simultaneous quote of a price to the buyers p” and a price to the sellers p°
by each platform. Let platform i’s pair of price be denoted as (p?, pf). The best price to
the buyers is the lowest; that is, it is the quote of the dealer who is asking for the smallest

amount of money in order to sell the product to a customer. Let p’ = min; pf’ . Similarly,
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let p° = max; p?, the highest that any platform is willing to pay for a product. The price

spread or the markup is therefore is Eb -7

In the current period, when these quotes are binding, all buy orders are executed at
a price equal to a. The profit to a platform from participating in this transaction depends
on the markup and the volume of sales. The profit that each dealer makes depends on the
fraction of the aggregate order flow that he receives. We assume the platforms hold no
7T

If the platform does not post the best price, it makes zero profit. In case there is a tie,

inventory and cannot oversell. Each platform’s profits of the stage game is (p”

every platform with p? gets an equal fraction of the sales. We maintain the assumption of

constant marginal cost, so the supply curve is perfectly elastic, which makes p° = c.

Let us now turn to Nash equilibrium. It is straightforward to see that p? = ¢ for all i
is a Nash equilibrium of the stage game. If every other platform is posting a competitive
price, a single platform has no profitable deviation. Every platform makes zero profits in
this equilibrium; consequently, this will constitute the benchmark punishment regime in

a repeated game.

Let us look at purely collusive pricing in the stage game. If the platforms set prices in

order to maximize their collective profits, they would set the price to solve the following

b

maximization problem: (p” —p*)X( Eb)' The profit-maximizing collusive price is p™ =

X'(p™) X'(p™)
X(p™) X(p™)

markup is 0. The quantity traded at the collusive price is X(p™) < X(c), leading to the

Ci

. Note that the collusive markup is therefore — , Whereas the competitive

classical monopoly inefficiency of underproduction.

The collusive price can be sustained in a subgame perfect Nash equilibrium by sev-

eral strategies. One strategy is the grim trigger strategy: each platform begins with the
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collusive price and maintains them as long as the others have done so in the past. If any
platform undercuts, from that period onward all platforms go to pricing at p* = ¢ forever
thereafter. Clearly, once the punishment regime has been initiated, no platform can prof-

itably deviate by pricing at any price other than p? = c. If the platform never deviates,

(p"—c)X(p™)

it expects a continued payoff of (10

, where ¢ is the discount factor. By under-

cutting the other platforms by ¢, a single platform makes a profit of % in the
current period but earns zero profit thereafter. Sustaining collusion is the better option if

m_c\X(pm
(p n(ilégp ) > (p

of platforms or a higher discount factor will make the collusion easier. There are other

" —c)X(p™). Equivalently, we have n(1 — §) < 1. Either a lower number

more-benign punishment might also possibly sustain collusive pricing. One punishment,
in the event of a departure from collusive pricing by some platform, is to price forever
thereafter at the alternative stage game Nash equilibrium. Another punishment is a for-
giving trigger in which markups narrow for some number of rounds to punish deviation

but then go back to the collusive pricing.

Now consider the effect of a profit cap IT. The profit cap IT is enforced by t as

follows:

T(p?, TI) ifTI(p?,0) > IT,
. (p”,11) (p”,0) A (35)
0 if TI(p?,0) < IL.

where the present discounted profits of the cartel is
[e¢]
(p®,7) = > 6'(p! — c— )X (p}). (3.6)
t=0

The differences from the main model are (i) the cartel chooses price instead of quantity
and (ii) the cartel makes decision repeatedly. Theorem 3.2 applies by redefining the con-
trol variable to be X(p?) and viewing every period as a separate firm. In equilibrium

no tax liability is triggered, the platform cartel preserves the economies of scale, and the
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binding profit cap increases trades between more sellers and buyers.
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3.A Appendix A. Proofs

Proof of Lemma 3.1. The marginal revenue MR(X) is strictly decreasing for 0 < X < Z
because

MR/(X) = p/(X) + p"(X)X + /(X) <0

by Assumptions 2 and 3. Now, MR(0) > ¢ by Assumption 1. Note that X" < Z because
the inverse demand is strictly decreasing and ¢ > 0. At X’¢, MR(XPC) = p(XPC) +
p'(XP€)XPC < c. Thus, we have that MR(XC) < ¢ < MR(0), so by the Intermediate
Value Theorem and the fact that MR (X) is strictly decreasing on such domain, there exists

a unique XM < Z such that MR(XM) = c. O

Proof of Lemma 3.2. We write p(X) for p(X,IT) when IT is fixed. The proof proceeds in
three steps. First, we claim a relationship between the nature if the solution and the
marginal revenue at such solution. Second, we show that if the solution is unique then it

XM. Third, we show that if the solution is not unique there can only be two solutions.

Step 1. Consider a solution X to p(X) = p(X). There are three possibilities at X: (i)
crosses p from above, (ii) g crosses p from below, and (iii) g is tangent to p. We claim that (i)
holds if and only if MR(X) > c. If g crosses p from above, then because both derivatives
are negative, p'(X) > q'(X). Note that4'(X) = —%, sop'(X) > —%. Substituting
p(X) = p(X) and rearranging yields MR(X) > c. Analogously, at any solution, (ii) holds
if and only if MR(X) < c and (iii) holds if and only if MR(X) = c.

Step 2. If the solution is unique then only (iii) can hold at such solution and by
Lemma 1 it is at X™. Suppose not and (i) holds, thus g crosses p from above at such

solution, then because limx_,,, #(X) = ¢ and p eventually crosses ¢ there must exist at

152



least another solution, a contradiction. A similar contradiction occurs if (ii) holds because

p(X) is bounded but g grows unboundedly as X approach 0.

Step 3. Suppose the solution to p(X) = p(X) exists and is not unique. Let X be
the smallest solution. If MR(X) < ¢, then g crosses p from below at X. Because MR, p,
and g are all decreasing, there can be no larger crossings, a contradiction. If MR(X) = ¢,
then the two curves are tangent at X. For any crossing at a larger X, 4 must cross p from
above, which cannot happen since at such point MR (X) would have been below c. Thus,
MR(X) > c and q crosses p from above at X. A similar argument shows that MR(X) < c,
where X is the largest solution, and thus g crosses p from below at X. Now if there are

more solutions in between X and X, then it would mean that MR crosses ¢ more than

once, which contradicts the assumptions on the inverse demand function. O

Proof of Lemma 3.3. If IT > (p(XM) — c)XM, then IT > (p(X) — ¢)X for all X. That is, the
profit cap is too large and p(X) and (X, 1) do not intersect. We show this by contradic-
tion. Suppose there exists an X such that IT < (p(X) — ¢)X. If such X is unique then it
must be that IT = (p(X) — ¢)X and so at this unique X, p(X) = #(X). From Lemma 2, X
must be XM a contradiction. If such X is not unique, then define the smallest and largest
such X as X and X, respectively. It must be the case that MR(X) > ¢ and MR(X) < c. By
Intermediate Value Theorem, there is an X between X and X such that MR(X) = ¢, but

that X must be XM, a contradiction.

IfIT = (p(XM) — ¢)XM, then p(XM) = p(XM). By Lemma 1 and Lemma 2, p(X)
and p(X) must be tangent at X™ and thus is the only solution. Lastly, as IT — 0, either
p(X) —c — 0or X — 0, or both. The smallest solution thus goes to zero, and the largest

goes to XC. O

153



Proof of Theorem 3.2. First, we characterize the reaction functions R;(x_;). We suppress
dependence on IT in some of our notation. Suppose p(X) = p(X) has no solution, then
it must be because p(X) > p(X) for all X. Hence t(X,IT) = 0 for all X and R;(x_;) =
Ri(x_;), where R;(x_;) is the reaction function of firm i in the standard Cournot oligopoly.

From now, suppose one or two solutions to p(X) = p(X) exist.

Given x_; and hence X_;, the domain of optimization can be split up into two sec-

tions. Either

xeA=[0,X-X_;)u(X—X_;x)

or

xie B=[X—-X_;,X—X_j]

In A, X < Xor X > X, which means that t(X,fI) = (0 and we are back to standard
Cournot, so R;(x_;) = R;(x_;) for such X. In B, t(X,I1) = p(X) — p(X,TI), so for such X,
the objective function becomes

[p(xi + X)) —c— t(x; + X3, TD)]; = <,

X

which means that in this range firms essentially engage in a contest for a fixed prize of I
with Tullock winning probability x;/ X, but without incurring any costs! This leads to firm

i choosing x; as high as possible as a best-response to any X_;, and so R;(x_;) = X — X_;.

Thus, for a given I, the reaction function of firm i is

Ri(x—;) if Ri(x_j)+X ¢ [X X]

X— X—i if Ri(x_i) + X—i € [
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The equilibrium then the profile x* such that for all i, x} = R;(x* ).
If XNE ¢ [X,X], then X* = XNE, simply the standard Cournot equilibrium. We

can show that the only possibility is XNF > X. In this case, p(XNF) < p(XNE,IT), so

t(XNE,IT) = 0. If not, then X* = X and again t(X*,IT) = 0. O
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