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Abstract

Innovations bring many benefits to society, but they can also bring harm. We study
the problem of a regulator deciding whether to approve an innovation where information
about the impact of the innovation is held within the firms that are developing it. We
show that competition for the innovation undermines the regulator’s ability to extract
the information she needs to make good policy. As the number of firms increases and
the expected benefit of the innovation grows, the probability that the innovation makes
it through the political process decreases. We explore political and market designs that

can alleviate but not eliminate this problem.
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1 Introduction

New ideas and new technologies are the lifeblood of society, driving social progress and eco-
nomic development. Yet not all innovations are positive. The changes wrought by an inno-
vation can bring harm to society, whether through the technology itself or by undermining
existing social practices. The internet, for instance, has opened up the flow of information
across society in many positive ways, but the emergence of social media, particularly its impact
on teenage mental health, is less clear. Or consider the development of Artificial Intelligence
(AT) and the prospect of machines advancing to the point that humans lose control.!

The possibility of harm creates a role for regulation. But regulating an innovative industry
is hard. How is a regulator to know which innovations are beneficial to society and which
are harmful? Designing and implementing policies in the face of such uncertainty makes it
difficult for a regulator to extract the benefits of innovation while avoiding the harmful costs.
This challenge is particularly relevant in an age when the technical demands to master new
technologies are beyond the skills of almost all policymakers.

Fortunately, regulators need not fly blind. Experts with deep knowledge of the underlying
technologies and better information about their likely impact do exist. However, the experts
often work for the firms that are developing and, therefore, hoping to benefit from the inno-
vations. The conflict of interest this generates makes extracting the information of experts
far from straightforward.

In this paper we develop a model to study this regulatory problem. A regulator must decide
whether to approve a new technology that has been developed. If allowed, the innovation will
disrupt an existing market, potentially displacing the incumbent firm, and deliver a potential
benefit to society but at a risk of instead causing harm. The regulator has the opportunity
to solicit advice from the firms—the firms can lobby the regulator—where the firms possess
better knowledge of the impact of the new technology on society but are motivated by profit
for themselves rather than the impact of the innovation on society.

Our focus is on how competition in the market created by the innovation impacts reg-
ulatory decision making. New technologies are rarely introduced by lone firms. Typically
a frenzied competition emerges, even if, or perhaps because, the economics of competition
is winner-take-all. Consider the race today between OpenAl, Google, Apple, and a bevy
of start-ups to dominate the market for large language models. Competition differs from
monopoly in that it drives a wedge between the interests of an individual firm and the market

outcome. To focus on competition, we assume the interests of the regulator align with the

! The development of nuclear weapons provides a striking historical example. Edward Teller famously spec-
ulated that the chain reaction in an atomic explosion created a small but non-zero probability the atmosphere
would ignite and destroy the earth. President Roosevelt chose to approve the use of the atomic bomb despite
this (and other) not insignificant risk.



market outcome under each policy but not with the interests of any individual firm.? The
regulator is pro innovation, but without favor for which firm captures the benefit.

In standard analyses of markets, competition improves outcomes. The more firms that
enter a market, the better the outcome for consumers. We find that the opposite is true in
the regulation of an innovative industry. Competition undermines outcomes in innovative
industries because it undermines the regulator’s ability to extract the information she needs.
We show that although an increase in the number of firms innovating increases the potential
of the market, and increases the sources of expertise that are available to the regulator,
the probability that the regulator approves the innovation decreases and approaches zero as
competition increases. Thus, exactly when an innovation is more likely to benefit society, it
is less likely to be approved by the regulator, and more likely that society misses the benefit.

The logic of this result derives from how the regulator’s incentives align differently with the
different firms. The regulator’s incentive is aligned with the incumbent firm as both benefit
from the status quo. Thus, both want the innovation only if it improves on this outcome.
In contrast, entrants to the market possess a very different incentive structure. The entrants
gain nothing under the status quo and want the innovation to be approved whenever they
benefit from it in the market, regardless of the impact it has on society. This differential
alignment of interests means that whereas the regulator can communicate productively with
the incumbent firm it can communicate only with the incumbent firm. The advice of the
other firms is useless.?

The alignment between incumbent and regulator is imperfect, however. The incumbent’s
interests are not the market’s interests, and the incumbent will recommend the innovation
be approved only if the innovation is successful and the incumbent is the one that captures
the benefit of the innovation. Precisely because an innovation can disrupt the market, the
incumbent may not inform the regulator of its benefits. The probability that the incumbent
is disrupted increases in the number of firms innovating. Thus, the more competition there
will be in the market, the higher is the expected benefit from of the innovation, but the less
likely it is that society captures that benefit.

Our result on competition reverses the conclusion of the famous Arrow replacement effect.
Arrow (1962) posited that competition enhances innovation because an entrant replaces—or,
in the modern parlance, disrupts—the incumbent. The entrant’s outside option is zero and
so it has more to gain and greater incentive to innovate. In a regulated market, it is precisely
because the entrant’s outside option is zero that the regulator cannot trust the information

that the entrant provides. The entrant may have greater incentive to innovate, but if it cannot

2The misalignment between social and market outcomes is the essence of the literature originated by Baron
and Myerson (1982). We discuss this connection momentarily.
3This reflects an equilibrium selection that we discuss momentarily.



persuade the regulator to approve the innovation, it cannot capture the benefit. In a regulated
market, competition and innovation are in tension.

This leads to the question of what can be done. One option is to stifle competition for
the innovation. Without the threat of disruption, the incumbent could communicate freely
with the regulator, but this comes at the cost of perpetual monopoly. Another option is to
eliminate the regulator. This solves the communication problem by eliminating it, but leaves
unchecked the risk that the innovation causes harm to society. The challenge is to obtain the
benefit of market competition and regulation simultaneously.

In the second half of the paper we take up this challenge through market and regulatory
design. We offer several adaptations that ease the tension between competition and regulation
and allow, at least in part, the benefits of both to be captured. The adaptations we pursue
represent three distinct informational approaches based on the following questions: Can the
incumbent be induced to reveal its information more often? Can the incumbent’s information
be made less important? Can the incumbent’s information be changed?

We operationalize these information effects by altering the structure of market competi-
tion. The first adaptation reduces competition by delaying it, and shows how this can induce
the incumbent to reveal its information more frequently without losing the benefit of competi-
tion altogether. The second adaptation increases competition, although in the market without
the innovation rather than for the innovation itself. We show that this lessens the importance
of the incumbent’s information and improves the information flow about the innovation. The
third adaptation allows for takeovers, changing the incumbent’s information by changing the
incumbent itself. The adaptations all improve policymaking, showing how market and reg-
ulatory design can alleviate the problems that arise when politics and innovative industries
intersect.

Our results speak to the many instances of an incumbent firm lobbying to block the entry
of new technologies. One particularly striking example is the development of FM radio in the
1930’s (Wu, 2011). At the urging of the incumbent firm RCA, the FCC didn’t approve the new
technology initially and, when FM was finally approved, the FCC placed onerous restrictions
on its use. This handicapped the firms entering the market, including one led by the inventor
of FM technology, Edwin Armstrong. FM technology did ultimately make it to market, but
the delay meant society missed out on the superior FM technology for over a decade, and not
coincidentally, when it did make it to market, the incumbent firm RCA was able to capture
the benefit. Our model is able to explain FM radio’s regulatory experience as well as that
of other technologies with a similar trajectory, including the particularly troubling examples
of technologies that never made it to market because of an incumbent firm’s lobbying. We
do this without appealing to corruption or regulatory capture (Stigler, 1971), or to trust or

a longstanding and ongoing relationship between the incumbent and the regulator, or to a



revolving door. Rather, we show why the regulator will rationally listen to only the incumbent
firm, why outcomes like this are pervasive, and what can be done so that regulators can make
better use of the information held by firms.

Our results rest on a particular approach to lobbying. We suppose that firms lobby in
their self-interest, supporting the policy that benefits them the most, and that if there is no
policy that benefits the firm, the firm does not lobby at all. In effect, this selects what we refer
to as a regular equilibrium to the lobbying game. Our setting with many firms corresponds to
a game of multisender cheap talk. These games permit many equilibria, including babbling
and equilibria in which the firms all coordinate on the truth and fully reveal their information
to the regulator. The latter leave the firms indifferent over lobbying or not. We view it as
reasonable in such situations to suppose that firms would instead simply not engage in the
lobbying process, and this premise selects the regular equilibrium.

For concreteness, we take the decision of a regulator as our leading example. The ideas
underlying our analysis are relevant to policymakers of all forms, whether legislators, members
of the executive branch, or independent agencies. Indeed, the mechanism we identify is
relevant beyond politics to decision making in firms and any organization in which insiders
with superior information can exploit the uncertainty of decision makers to stifle innovation

and change.

Related Literature

Baron and Myerson’s (1982) seminal study of regulating a monopolist with asymmetric infor-
mation has generated a large and deep literature. In studying monopoly, Baron and Myerson
(1982, p. 912) explicitly consider situations in which a market-based mechanism would not be
effective because “there are no other producers capable of supplying the product efficiently.”
We complement their approach by identifying a tension created by market competition, show-
ing that competition may make regulation more, not less, difficult. We also differ in how we
approach the regulatory problem. Baron and Myerson (1982) takes a mechanism design
approach, assuming commitment on behalf of the regulator and allowing transfers. Our ap-
proach is with neither commitment nor transfers, and we allow only cheap talk communication
between the firms and the regulator.

The relationship between market structure and innovation has long been a focus in eco-
nomics. It has been described as the second-most studied question in all of industrial or-
ganization and led to a growing literature on how government policy can foster innovation
(Bryan and Williams, 2021). What has received less attention is the strategic behavior of
policymakers. Whereas the literature focuses on the incentive to innovate, we take innovation
as given and ask whether it will be approved by a regulator and make it to market. Our con-

clusion aligns with Schumpeter’s (1942) conclusion that monopoly power enhances innovation



although our mechanism is completely different to his. In fact, the ingredients for our result
are closer to those of Arrow (1962). This shows how the addition of strategic policymakers
and asymmetric information can upend the standard relationship between competition and
innovation.

Our model fits with a recent series of papers that connect market power and political power
(Callander et al., 2022, 2023; Cowgill et al., 2023). These papers are complete information
models of quid-pro-quo lobbying (i.e., the buying of favors). We introduce asymmetric infor-
mation into this setting, and characterize how informational lobbying shapes the interaction
of market structure and politics in the context of innovative markets.

The large literature on informational lobbying in political science, beginning with Gilligan
and Krehbiel (1987), has situated expertise within the government, thereby setting aside the
interaction between markets and politics.? Two exceptions are McCarty (2017) and Carpenter
and Ting (2007).> These papers model a single firm lobbying a regulator whereas we focus
on many firms and the interaction of market competition and political decision making.

The lobbying literature has incorporated advice from multiple experts, showing how they
can be used to improve communication and decision making (Gilligan and Krehbiel, 1989).°
The literature has focused almost exclusively on fully revealing equilibria with two senders.
The incentive compatibility problem is nontrivial with two senders as, if one sender was to
deviate, the decision maker could not tell which it was and must take an action that suitably
punishes both senders. It is left unstated that with three or more senders coordinating on
the truth in equilibrium, the sender can identify which sender deviated should one message
differ and learn the true state from the others.” As a deviator would be ignored, each sender
is indifferent over all messages, and a fully-revealing equilibrium exists trivially (as do many
other equilibria). This equilibrium exists in our setting with multiple entrants. In the context
of lobbying, it seems reasonable that if a firm were indifferent over all policies, it would say
nothing to the regulator, or, in other words, not lobby at all. We apply this premise in
selecting from the large set of cheap talk equilibria and show how this leads to a very different
impact of competition. Our approach is akin to the “coordination-free” approach of Lu (2017,
p. 178), who argues against the precise coordination necessary to support full revelation in

cheap-talk games. He derives a class of coordination-free equilibria and shows that senders

4McCarty (2017, p. 1221) observes, “In this regard, the approach in political science is quite different from
that of regulatory economics, where the regulator’s extraction of information from the regulated firm is the
central problem.”

5See also McCarty (2013). Many models interpret the lobbyist as a firm or other outside actor, although
they model the preferences of the outsider as equivalent to those of another legislator or bureaucrat and do
not include any features of a market.

6Multiple experts was first studied by Milgrom and Roberts (1986) in the context of organizations.

"Indeed, belief that the divergent sender is the deviator is required by the “unprejudiced beliefs” refinement
introduced in the industrial organization context by Bagwell and Ramey (1991).



beyond the second add only modest benefit. We show that when the additional senders are

also market competitors, more senders actually leads to worse communication.

2 The Baseline Model

We begin with a simple static model that captures the essential elements of the problem. We
later extend the model dynamically and in several other directions to explore the broader

implications.

Setting: There are n firms 1,2,...,n (he) and a regulator (she). The regulator has to
choose between the status-quo policy, p = 0, in which a new technology is not permitted, and
a set of k policies, p € {1,2,3,...,k} that permit the innovation in some form.

For k =1 the regulator’s decision is simply to approve or not the new technology. When
k > 1 the regulator decides not only whether to approve the technology but how to regulate
it. She may, for example, allow unfettered versus restricted use, apply some “guardrails”
against misuse, or allow some or all applications of the technology. We say informally that

the innovation is approved if the regulator chooses any policy p > 1.

Technology: The firms develop products to exploit the innovation. The quality of firm
j’s product under policy p is denoted by ¢;(p). For a policy p > 1, each quality ¢;(p) > 0
is an independent draw from a distribution F(x). We impose minimal restrictions on F'(-),
assuming only that it is atomless, with strictly positive density f(z) for all x € [0,00), and

with finite mean.

The Market: The market is winner-take-all.® For each policy p, denote the firm with the
highest quality by w(p) and its quality by ¢""(p), such that:

win(

w(p) = argmaxg;(p)  and  ¢""(P) = Gu(p)(P)-

J
We refer to firm w(p) as the market winner under policy p. For simplicity, production costs
are zero and the winning firm extracts all surplus.?

In the baseline model, we assume the winner of market competition under the status
quo policy has already been determined as firm 1. Denote its winning status quo quality by

q1(0) = ¢°?. We refer to firm 1 as the incumbent and the other firms as entrants.

8Winner-take-all is common in markets for new technologies. This assumption simplifies our presentation
although it is not essential for our results. See the discussion in Section 5.
9For clarity, we ignore the zero-probability events in which two firms draw exactly the same quality.



Preferences: The profit of the winning firm under policy p is equal to his quality and all

other firms receive zero:

(p) = ¢ (p)  if j=w(p),
uj(p) = .

0 otherwise.

To focus on the effects of competition on communication, we assume that the utility of the

regulator is (weakly) increasing in the winning firm’s quality, ¢"™(p). This means the regulator

is pro innovation but without favor for any particular firm. The regulator is risk averse and

more risk averse than the firms.!'® To capture these features simply, we set the regulator’s

utility to be the social surplus from market competition conditional on that social surplus

remaining above some threshold ¢* > 0. Specifically:

qwin<p) lf qwin<p) 2 qL’
Ulp) = o
—00 if ¢"™(p) < ¢".

This implies that the regulator’s aversion to risk is extreme if there is any chance of the
outcome falling below the threshold ¢”. Such extreme risk aversion sharpens the statement
of our results, though the core intuition does not depend on it. In Section 3.3 we soften
the regulator’s risk aversion and show how this enriches equilibrium behavior. We assume
¢>Q > ¢ such that the regulator obtains positive utility under the status quo policy.

With this formulation of preferences, industry profits weakly align with social surplus,
meaning that whenever an innovation harms society, market profits suffer as well.'! While
reasonable for some innovations (in our view), this is certainly not a universal feature of
all potential innovations. Nonetheless, we impose alignment as a convenient modeling de-
vice as it allows us to highlight the central role of market competition in impeding efficient

communication.

101t is typical in the industrial organization literature to assume firms are risk neutral, in which case any
risk aversion on behalf of the regulator satisfies this assumption. Risk aversion in politics can derive from
career concerns—the loss of an election or a job following a bad outcome—or due to the reputational concerns
of bureaucracies motivated by funding, recruitment, and credibility, as detailed in Carpenter (2002, 2004), or
it may simply be a direct representation of the preferences of society.

' This alignment implies that the incumbent’s status quo product—at least the profit level that it
produces—is not available should the innovation be approved. This is reasonable for some innovations. For
instance, if all new book stores are online then, even if this yields worse social outcomes and lower profits,
it may not be profitable to operate only bricks-and-mortar stores. For all innovations, the necessary feature
is that the regulator’s welfare can decrease when the innovation is approved and the status quo is upended.
(e.g., if social media is permitted for children, the higher quality outcome without it is lost).



Information and Messages: The firms observe the full realization of their own quality
and that of all other firms.'? The regulator knows the distribution of product quality but not
the realisations. The firms lobby the regulator by recommending a policy choice or they do

not lobby, which we represent by an “empty” message, such that m € {0,1,2,3, ..., 2}.

Timing:

1. Nature draws the product quality for all n firms for all policies p > 1,
a={a(1),..,q.(1),01(2),...,q.(k)}. Firms observe g.

2. Firms simultaneously send messages m; € {0,1,2,.... k, @}.

3. The regulator chooses a policy p € {0,1,2,3, ..., k}.

Equilibrium Selection. A firm j’s lobbying—or messaging—strategy is reqular if he sends
the empty message m; = & when indifferent over all policies, and otherwise recommends the

policy that, if implemented, would maximize his profit:

m; = arg;nax{uj (p)}

In all of the equilibria we consider, the entering firms use a regular strategy. When the
incumbent firm also uses a regular strategy, we refer to this as a reqular equilibrium.'® The
regulator chooses her optimal policy given the lobbying strategy of firms, denoted by p*.

Our focus on the regular strategy rests on two premises. First, that if a firm cannot
win in the market under any policy, then it will not lobby (it sends the empty message).
Second, that if there is a policy under which a firm wins the market, then the firm will lobby
for that policy (or the best of these policies if it wins the market for more than one). For
the entrants this leads to the regular strategy. The incumbent firm’s calculations are more
subtle, as we will see. In the baseline model the incumbent follows the regular strategy—and
a regular equilibrium exists—whereas in some of the variations of the model considered later,
the incumbent’s optimal lobbying behavior departs from regular.

These premises rule out babbling equilibria in which messages convey no information to
the regulator. They also rule out equilibria in which the firms coordinate on a particular

informative message—such as all firms recommending the regulator’s optimal policy.

12 Alternatively, we could assume firms observe only their own quality without fundamentally changing the
logic of our results; see the discussion in Section 5.

13Tt is straightforward to construct off-path beliefs for the regulator that support the regular equilibrium
and other equilibria we characterize. We describe these beliefs in full in the appendix.



Remark: One may interpret the dominance of the incumbent firm under the status quo in
several ways. It may be that the entrants do not compete under the status quo or that they did
compete and were defeated (or, in the dynamic extension of the model to come later, that they
haven’t yet competed). The former interpretation fits an application to novel technologies
that are very different from what has come before, such as Amazon competing only online
against bricks-and-mortar stores. The latter interpretation fits incremental innovations, or
innovations that have already come to market in some form but for which new uses emerge.
For example, the status quo may be internet search with Google as the incumbent, and the

new technology is the incorporation of large language models.

3 Results for the Baseline Model

3.1 Monopoly: Incumbent as Innovator

Consider the situation where the incumbent firm is the only innovator (n = 1). This implies
he is a monopolist regardless of the policy. Thus, the incumbent’s interests are the market’s
interests and aligned with the regulator. The incumbent recommends the innovation be
approved only if his profits increase. As this implies social welfare also increases, the regulator

follows the incumbent’s recommendation and social welfare is maximized.

Proposition 1 With only one firm, n = 1, a regular equilibrium exists and the regulator
follows the incumbent’s recommendation, p* = m73. The incumbent recommends the policy for

m

which his product has highest quality, m} = p™, where p™ = argmax,{qi(p)}.

Without competition, the regulator is able to learn all that she needs to know to make an
optimal decision. Information that is held in the market is transferred to the regulator and
used efficiently in policymaking. This establishes a clear benchmark to see the impact of

market competition.

3.2 Competition: Many Innovators

Competition brings many more innovators to the market and the prospect of better outcomes.
It also brings a fracturing of the alignment between the market and any individual firm. The
incumbent firm continues to recommend the innovation be approved if he can produce a higher
quality, but only if he wins the market and is able to capture the benefit of the innovation.
There will be situations, therefore, where the innovation is successful but the incumbent does
not recommend it be approved because an entrant would win the market. As it remains

true that the incumbent never recommends an innovation that causes harm, the regulator is

10



still able to follow his advice. By doing so, however, she and society will miss out on many
beneficial innovations.

Competition also brings more sources of information. Nevertheless, the ability of entering
firms to communicate their information to the regulator is non-existent. The problem is that
an entrant always recommends the innovation be approved whenever he will win the market,
even when his quality is lower than the status quo. As this runs the risk that the quality may
be below the regulator’s threshold of ¢¥, the regulator cannot rely on the entrant’s advice.

Once again, therefore, the regulator follows the advice of the incumbent in equilibrium.
This continues to hold despite there being many more sources of information available and
despite the lower quality of advice she receives. The difference when there is competition for
the innovation is that the incumbent’s advice is shaded toward the status quo and delivers

less benefit to the regulator.

Proposition 2 With more than one firm, n > 1, a reqular equilibrium exists and the regqulator
follows the incumbent’s recommendation, p* = mj. The incumbent recommends the policy

for which his product has highest quality and he wins the market, mj = p°, where p® =

argmax,{qi(p) | w(p) = 1}.

Competition in innovation is a cursed benefit. Competition increases the potential benefit
that an innovation can deliver, but because it does so by disrupting the incumbent, the flow
of information to the regulator is diminished and the quality of policymaking suffers.

The behavior in this equilibrium resonates with lobbying in many innovative industries
in practice, such as the example of FM radio in the introduction. Typically there are many
start-up entrants circling around a new technology, and many of them will lobby the regulator.
But so too will the incumbent firm that the innovation threatens to disrupt. Because the
regulator can only trust the incumbent, she only approves the innovation if the incumbent
assents to it. In equilibrium, therefore, it is not that all innovations are blocked. Many
exciting technologies will be approved and these will deliver great benefit to society. But it
is in the many innovations that are not approved, despite the benefit they will bring, that
inefficiency manifests.

The failure of communication in Proposition 2 implies a striking inverse relationship be-
tween the degree of market competition and the efficacy of policy making. Not only does

competition fail to increase innovation in a regulated market, it actively undermines it.

11



quality quality

20 20 First-Best
First-Best
Conditional on Innovation Conditional on Innovation
.\ Equilibrium
> =1 === Equilibrium et | S ——

Onumber of firms Onumber of firms

(a) k=2 (b) k = 30

Figure 1: The Effect of Competition
(Frechet distribution with shape a = 3, scale s = 1; Q= 1)

Corollary 1 As the number of firms n increases:

1. First-best: The expected maximum quality of the innovation strictly increases without

bound.

2. Regular Equilibrium:
(i) The regulator’s expected utility strictly decreases and approaches ¢°.

(ii) The probability the innovation is approved strictly decreases and approaches 0.

Competition brings with it more productive innovation, but exactly when it is more productive—
and disrupts the incumbent—the innovation does not make it to market. Moreover, not only
are better products of the entrants missed, but even profitable innovations by the incum-
bent are now suppressed. Figure 1 depicts the inverse relationship described in Corollary 1
for different sized policy spaces when quality draws are Frechet distributed. In both panels
the first-best outcome is increasing in the number of firms whereas the equilibrium outcome
is decreasing. The first-best is higher the more policies that are available (higher & in the
right-side panel) as there are then more ways the firms can develop their products.

It is important to note that policymaking can be inefficient even when the innovation is
approved. Policy is set to maximize the incumbent’s profit and not social welfare. Thus,
there may be policy settings with higher quality even for the incumbent, but in which the
incumbent is disrupted and does not recommended them. In Figure 1 the red lines depict
the average quality outcome conditional on the innovation being approved. For £ = 2, the
gap between the quality conditional on approval and the first best is relatively small, even

for a large number of firms. For the larger policy space on the right side, the inefficiency is

12



substantial. To an outside observer, it may seem the system is working when an innovation
is approved yet, once again, it is in the missed innovations that inefficiency lies.

The negative relationship between competition and innovation in Corollary 1 reverses
the conclusion of the famous Arrow replacement effect. Arrow (1962) showed in a market
without regulation that competition induces more innovation because an entrant has greater
incentive to innovate. In Arrow’s market, the entrant’s incentive to innovate is greater than
the incumbent’s precisely because it starts with nothing, and thus gains the monopolist’s
profit plus the incremental improvement from the innovation. Our results show that the
exact opposite logic holds in a regulated market. Precisely because an entrant starts with
nothing, its advice is not credible. Thus, even when the innovation is given, the entrant
cannot persuade the regulator to approve it and open up the market. The entrant fails to
persuade the regulator not despite, but because, of the firm’s greater incentive to innovate.

It follows from this logic that the regulator and society would be better off if competition
was eliminated. That is, if given the choice, the regulator will choose to restrict competition
even up to the point of granting monopoly power to the incumbent. We capture this inversion

of the standard logic of market competition in the following corollary.

Corollary 2 If the regulator can restrict market access by choosing any n > 1, conditional

on the reqular equilibrium, she chooses to give the incumbent a monopoly position, n = 1.

The regulator’s behavior in Corollary 2 does not by itself represent regulatory capture. To
the extent that the regulator’s risk aversion reflects society’s preference, the regulator chooses
to protect the incumbent not against but rather for the public interest. If, instead, the
regulator’s risk aversion is idiosyncratic and represents an agency problem with society, then
the regulator’s choice to protect the incumbent is more problematic. We return to regulatory

capture and this interpretational issue in Section 5.1.

3.3 A Less Risk Averse Regulator

The regulator’s extreme risk aversion means she is unwilling to run any risk of an outcome
falling below ¢g*. With less extreme risk aversion, she would have some tolerance for mistakes.
This becomes important as the number of entering firms increases. As more firms develop
the innovation, the expected quality of the market winner increases. This makes it more
likely that the innovation is a success and reduces the probability of a failure. For a crowded
enough market place, the expected utility from the innovation becomes positive, even for a
(non-extreme) risk averse regulator.

In this section we relax the regulator’s risk aversion. Consider the amended utility function

in which the cost of a bad outcome is bounded and utility is always finite, as given by the

13



following;:
win(p> if qwin(p) 2 qL,
"m(p) = A i "N (p) <"

where A € [0,00) represents the penalty that a regulator suffers—political, careerist, or

O@p)=1"*
q

otherwise—if output falls below the acceptable threshold.4

Softening the regulator’s risk aversion does not eliminate the misalignment between her
and the entrants. An entrant will continue to recommend a policy if the entrant will win the
market, regardless of whether the outcome is above ¢* or not. This means that the advice of
the entrants can carry no positive information. If the regulator is predisposed toward rejecting
the innovation, the lobbying of an entrant cannot persuade her otherwise.

However, if the number of entrants is large and the regulator is predisposed toward ap-
proval, lobbying by the entrants can convey useful information. When no firm recommends
the innovation, the regulator infers that the incumbent must win the market for the innova-
tion, and because he recommends the status quo instead, the status quo must be superior.
Thus, the regulator can heed the advice of the entrants, but only when their number is large
and only by what they don’t say.

This logic holds regardless of the size of the policy space. For brevity, we state the result

for when the regulator faces the choice to approve the regulation or not (k = 1).1°

Proposition 3 For regqulator utility lj(p) and k =1, a regular equilibrium exists. For some
n>0:

(1) the regulator follows the the incumbent’s recommendation if n < n such that p* = mj,
(i1) for n > n the requlator approves the innovation, p* = 1, if any firm recommends it.

For levels of competition below the threshold 7n, the equilibrium is identical to that in
Proposition 2. Softer risk aversion matters only for levels of competition above the threshold
n. In that case the regulator is predisposed toward approval and she will approve if any firm
recommends she does so. This approach does not guarantee the innovation is a success, as was
true when the regulator listened only to the incumbent, and it is now possible in equilibrium
for an innovation to be approved that harms society.

Regardless of the level of competition, it remains true that no entrant alone has the ability
to persuade or dissuade the regulator. It is only collectively, and only for a large number of

firms, that lobbying by the entrants can have an effect, and the effect it has—retaining the

14The discontinuity in regulator utility at ¢” plays no material role in the results and can also be relaxed.
15For larger k the regulator faces a more subtle inference problem as the number of entrants who recommend
a policy varies.
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status quo—delivers no benefit to them. The regulator doesn’t so much listen to the entrants,
as she adopts the sensible approach of not approving an innovation if no firm lobbies for it.
It is notable that Proposition 3 holds even when A = 0 and the regulator is not risk
averse. Lower risk aversion works in the same way as increasing competition as it makes the
regulator more predisposed to approve the innovation. The less risk averse is the regulator
(smaller A), the lower is the threshold, n. Risk aversion exacerbates the inefficiency in the
regulation of innovative industries, and extreme risk aversion drives the extreme inefficiency
of Proposition 2. But even with a risk neutral regulator, the fundamental problem remains
that the regulator cannot trust information from the entrants to approve the innovation unless

she is already predisposed to do so.

4 Dynamic Market Competition

Market competition in practice is dynamic. In addition to the competitive effects induced
within the market, dynamic competition also alters the relationship between firms and the
regulator outside of the market. In this section we extend the static model of Section 2
dynamically.

The goal is to explore how market and regulatory design can alleviate the inefficiency
found in the baseline model. On its own, dynamic competition does not affect the behavior
in Propositions 1 and 2. The regulator follows the incumbent’s advice in the first period
and this policy choice persists over time. Rather, we combine competitive dynamics with
other adaptations to the market and regulatory process that jointly have a positive effect on
policymaking.

The three adaptations we develop focus on three distinct approaches to how information
flows between the firms and the regulator. First, how can the incumbent be induced to
reveal his information more often? Second, how can the incumbent’s information be made
less important? And, third, how can the incumbent’s information be changed to improve
outcomes? We address these questions in turn in the subsections that follow.!

Let market competition take place at each time, ¢ = 1,2,... . Within each period t, the
firms lobby the regulator, the regulator chooses a policy, and the firms compete in the market.
Product qualities are drawn once at the beginning of play and are persistent. The firms and

regulator have a common discount factor § € (0,1). Finally, we return to the regulator’s

16For some specialized types of innovation, mechanisms in use in practice that, in part, get at the informa-
tional problem in our model are the liability system and small-scale experiments, such as used by the FDA
for drug approvals. These mechanisms are helpful but imperfect, and leave a need for the regulator to com-
municate directly with firms in the market (see Carpenter and Ting, 2007). In particular, these mechanisms
are not useful for society-level innovations where harms extend well beyond direct customers and the external
validity of small-scale experiments is limited.
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original utility function given by U(p).”

4.1 Adaptation I: Monopoly Protection

The failure of communication hurts the regulator and society, and it also hurts the incumbent
firm. The incumbent would like to utilize his information more, but only if he is able to
benefit from it. In this section we explore how the incumbent can be induced to reveal his
information more often.

Corollary 2 demonstrates one way to do this. By blocking entrants from the market and
guaranteeing the incumbent monopoly over the innovation, the regulator is able to open up
the channel of communication and gain the information she needs to approve the innovation.
The cost is the loss of competition and the higher quality that it would bring.

The adaptation we consider in this section is a middle ground between too much and
too little competition. Suppose the regulator awards monopoly protection to the incumbent
for a fixed number of periods, 7 € {0,1,2,...}; so only the incumbent is active for periods
t=1,...,7, and all n firms are active in subsequent periods t > .

A time-limited monopoly presents the incumbent with a potentially delicate choice. He
would like to recommend the policy where his quality is highest (p™ from Proposition 1).
But if he is not the market winner under this policy, he will be disrupted by a higher-quality
entrant upon expiry of the monopoly period. The threat of disruption may drive him to
instead recommend the best policy in which he wins the market (p° from Proposition 2),
thereby guaranteeing for himself a perpetual stream of lower profit.

Proposition 4 shows that when the gap between p™ and p° is high enough, and the length
of monopoly protection long enough, the inefficiency of competition can be mitigated. The
incumbent recommends p™ and the innovation be approved even when he knows it will lead
inevitably to his own disruption.

To state this result, we amend the incumbent’s lobbying strategy as follows.

Definition 1 In a 7-regular messaging strategy, the incumbent sends message mi; = p™ if
@(p™)(1=07) > q(p°),

otherwise he recommends p°.

The incumbent recommends p™ even if he would ultimately lose the market after the
monopoly period ends, as long as the profit ¢;(p™) for 7 periods exceeds the recurring profit

q(p°) that he would obtain under p°. Of course, after the 7 periods, the incumbent would like

1TThis rules out experimentation incentives as the regulator will not try a policy if there is any risk it
produces an outcome below ¢”. Alternatively, one may assume that approval of the innovation is irreversible.
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Figure 2: Example of a Policy Dynamic under Temporary Monopoly Protection

for policy to switch back to the status quo or some other policy in which he wins the market,
but by then it is too late and the regulator will no longer listen to him.
Define a 7-regular equilibrium as one in which the incumbent uses a 7-regular messaging

strategy and each entrant uses a regular strategy. We can then state the result.

Proposition 4 A 7-reqular equilibrium exists when the incumbent has T-periods of monopoly
protection. The requlator follows the incumbent’s recommendation in the first period and
chooses p; = mj fort =1,2,...,7+1. In period T+2, the requlator follows the recommendation

of the market winner, w(p:,,), and chooses p: ., = mz‘u(p*ﬂ) thereafter.

An interesting feature of equilibrium behavior is that policy may change more than once.
The regulator may no longer listen to the incumbent, but she will listen to the entrant who
enters in period 7 + 1 and wins the market. The regulator did not listen to this entrant
initially as the regulator could not trust his advice. But by entering and establishing a profit
level above the regulator’s threshold, ¢*, the winning entrant is now credible. The winning
entrant is, in effect, the new incumbent. Thus, if the victorious entrant prefers a different
policy, he lobbies the regulator and she follows his advice, changing policy a second time.!®
An example of the policy dynamic this gives rise to is given in Figure 2.

The 7-monopoly mechanism delivers multiple benefits to the regulator. The incumbent
may be induced to reveal information he otherwise wouldn’t. When he does, society not
only benefits from a higher quality innovation for those 7 periods, but when the incumbent
is disrupted, the quality increases even more with the entrant’s better product and, as just
discussed, the entrant may use his newly earned credibility to recommend a switch to an even

better policy setting.

18Policy will not change a third time. Additional policy changes are possible if the regulator were to offer
a 7-period monopoly to each new incumbent.
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Despite all of these potential benefits, the 7-monopoly mechanism does not ensure the
efficient use of information. The incumbent may recommend a policy that will lead to his
ultimate disruption, but he recommends the policy that maximizes his profit for 7 periods
and not necessarily the policy that maximizes social benefit. The same logic applies after the
incumbent is disrupted and the winning entrant uses his information for his own benefit. This
is evident in Figure 2 as the regulator would obtain a higher benefit from policy 2 but the
credible firm—Entrant 2—recommends a switch from policy 3 to policy 1 and does not reveal
the superiority to the regulator of policy 2. That the flow of information to the regulator
remains in the control of a single firm, whether the initial incumbent or a disrupting entrant,
places an upper bound on the efficiency of policymaking.

The logic of the 7-monopoly mechanism is at once new but familiar. It is, in effect,
the logic of patents. It is the deliberate award of monopoly power for a fixed term so as to
induce innovation. The novelty here is in how this logic is applied. Rather than rewarding the
innovative firm, the award of market power is to a firm that would otherwise block innovation.
Counterintuitively, the award of market power is to the loser in the innovation race and not
the winner, and the market power removes the informational blockage that the loser creates
rather than incentivizing innovation directly.

This discussion leads to the question of the optimal length of protection, 7. The ideal
monopoly length provides the incumbent with enough protection to persuade him to reveal
some of his information, but no more than that as protection comes at a cost of withholding
competition. The perpetual monopoly power of Corollary 2 delivers, in a sense, too much
benefit to the incumbent to get him to reveal his information.

The problem for the regulator is that she does not know the firms’ qualities and, thus, does
not know the length of protection that will induce the incumbent to reveal his information.
This presents the regulator with a trade-off: The longer is 7 the more likely it is that the
incumbent recommends a better policy for society, but the longer it is before the benefits of
competition are realized.

To see the elements in the trade-off, we decompose the regulator’s expected discounted
payoff as a function of 7 where, for clarity, we set k = 1 such that the regulatory decision is

to approve the innovation or not:

qSQ
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where (),,_; is the maximum of n — 1 independent, F-distributed quality draws.

The first term is the baseline outcome for the regulator if the incumbent is granted
monopoly power in perpetuity. The second term is the cost of a finite 7. It consists of
the incumbent types that have higher quality under the innovation but do not recommend it
be approved as the profit bump is not sufficient to compensate for the disruption that will
come after 7 periods. The third term is the benefit of a finite 7. This is the extra boost in
quality from the entrant who disrupts the incumbent. The gain is the difference between the
expected quality of the winning entrant over the quality of the incumbent.

For simplicity, in Proposition 4b we state the properties of optimal 7 with a continuous
domain. Specifically, let 7* € argmax,¢[o,) V' (7) be an optimal monopoly length, where V' (7)

is the regulator’s expected discounted payoff (given 7) from Equation (1).

Proposition 4 (b) The requlator’s optimal monopoly length T* exists, is strictly positive,

and s strictly increasing in the discount factor 9.

Proposition 4b implies that the optimal monopoly length 7* € T is positive and finite—in
other words, some protection is strictly better than no protection or eternal protection. When
T is required to be finite the optimal monopoly length may not be unique. We show in the
proof of Proposition 4b that in this case the result holds for each element in the set of optimal
monopoly lengths.

The optimal 7 increases in the discount factor § because of two forces working in concert.
First, the incumbent loses more from being disrupted the more patient he is, and thus he
requires a longer monopoly period to reveal his information. Second, a patient regulator is
willing to tolerate a longer monopoly period in order to induce information revelation from
more incumbent types. As a result, it better for the regulator—and the incumbent—for the
regulator to offer a longer period of protection.

The impact of more competition on the optimal monopoly length is less clear. As n in-
creases, the incumbent is more likely to be disrupted by an entrant, and the quality of the
winning entrant is expected to be higher. This incentivizes the regulator to reduce 7 and
bring the benefit of competition forward in time. But doing so will deter the marginal incum-
bent from revealing his information, and this reticence is now more costly to the regulator.
These conflicting forces yield no clear comparative static of the effect of n on the optimal 7.
Numerical simulations show that generally the benefit of a shorter 7 dominates the cost, and
the optimal 7 decreases in n, approaching a limiting value that depends on the parameters of
the environment. Examples of how 7* varies with n and ¢, given Frechet-distributed quality

shocks, are shown in the panels of Figure 3.
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Figure 3: Optimal Protection Length: 7*
(Fréchet distribution with shape a = 2, scale s = 1; ¢°Q = 2)

4.2 Adaptation II: More Competition

Rather than induce the incumbent to speak more frequently, in this section we explore how
his information can be made less important. We do this by increasing market competition,
specifically by opening up the status quo policy to competition from the entrants. The idea is
that the baseline model may suffer not from competition per se but from too little competition.
Formally, let each entrant j now receive an independent F-distributed quality draw ¢;(0) under
the status quo policy p = 0, while the incumbent’s status-quo quality remains fixed at ¢%<,
so the market under the status quo policy can potentially be won by an entrant.!?

Competition for the status quo opens up the possibility that firms other than the in-
cumbent will be able to communicate credibly with the regulator. The opening this creates,
however, is narrow. Only the entrant who successfully disrupts the incumbent becomes cred-
ible. Thus, competition for the status quo cannot increase the number of credible voices, it
can only change the identity of which firm is credible.

In fact, competition for the status quo reduces communication between the market and
the regulator. As the status quo winner must now overcome n — 1 competitors, his quality
is higher in expectation. Thus, the likelihood that he wins under the innovation at an even
higher quality—and, thus, recommends that the innovation be approved—is lower.

This creates a trade-off for the regulator: competition for the status quo increases the
winning status quo quality but worsens communication between the regulator and the market.
In the baseline model it is straightforward to show that the regulator strictly prefers more
competition, effectively giving up on communication and the possibility that the innovation
will be approved (see Proposition 5 below).

The contrast between this preference and that in Corollary 1 is illuminating. The difference

19 Accordingly, amend q in step 1 of the game timing to be g = {g2(0),...,¢.(0),q1(1),...,qn(k)}.
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between the environments is where competition manifests. In Corollary 1 the regulator prefers
communication when competition is only for the innovation. Here, competition is for the
status quo as well and the regulator prefers competition. In both environments, competition
for the innovation harms communication without bringing any compensating benefit (as it is
never realized). The regulator prefers competition here as it delivers the best quality draw
from n firms, whereas banning competition and communicating with the incumbent delivers
only the best of the two quality draws for the incumbent.

In an ideal environment, the regulator could extract the benefit of both competition and
communication. Doing so is not possible in the baseline model because the quality draws are
assumed to be identical and independent across all firms and policies. Such assumptions are
unlikely to hold in practice and are made in the baseline model only for simplicity. To capture
richer possibilities, we extend the baseline model further in this section by allowing for the

qualities of a firm to be correlated across policy settings.

Correlated product qualities. We formalize these changes in a deliberately simple way
and limit attention to a choice to approve the innovation or not (k = 1). Given the quality
draws described above under the status quo, let the quality of the innovation for any firm
7 > 1 be given by:

5i(1) = 5 - qf(O) Wi.th probabi.li.ty v @)

s-q;  with probability 1 — v,

where s > 1, each ¢; is drawn from the distribution F(-), and the randomization between
j(0) and ¢j is independent across firms. The parameter v € [0,1) captures the correlation
in firm quality across policies. s is a scale parameter that allows product quality to differ
under the innovation and the status quo. s = 1 represents the baseline model, and s > 1
captures the more common situation in which the innovation improves upon the status quo
in expectation.

The regular equilibrium exists in this environment. All firms, including the incumbent,
adopt the regular lobbying strategy. However, the regulator no longer listens to the incumbent
as she did in the baseline model. Rather, she waits for competition to play out in the first

period and then listens thereafter to whichever firm wins the market under the status quo.

Proposition 5 The reqular equilibrium exists when there is competition under the status quo
and product qualities are given by (2). For n > 1 the requlator ignores all recommendations
and implements the status-quo policy in the first period, p; = 0. In all subsequent periods t >
2, the requlator follows the recommendation of the market winner for the status quo policy in
the first period, p; = Mooy Forn =1 the requlator follows the incumbent’s recommendation

in the first period, pf = m7j, and thereafter.
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Policymaking remains inefficient in this equilibrium as the regulator can only listen to the
market winner. Although it is likely to not be the incumbent, the new market winner censors
her policy recommendation in exactly the same way, recommending the innovation only if
quality is higher and she wins the market. If another entrant, or even the initial incumbent,
were able to win with a higher quality than the new market winner, the regulator misses out
on that benefit.

This result reinforces that, even in the baseline model, the incumbent is favored not
because he already exists or has a relationship with the regulator, but because he is the
current market winner. Proposition 5 shows that once that is lost, the incumbent loses his
credibility with the regulator who instead turns to whichever firm disrupts the incumbent and
wins the market.

It is important to Proposition 5 that competition under the status quo is not a choice of the
regulator. This is why the regulator does not, and in fact cannot, listen to the incumbent’s
recommendation in the first period. If the incumbent anticipates being disrupted, he will
recommend the innovation be approved even if the quality is worse than under the status
quo. He will deviate, therefore, from the regular strategy. As the incumbent’s information is
then no different from that of an entrant, the regulator has no choice but to let competition
under the status quo policy play out and exploit the alignment that emerges endogenously
between her and whichever firm wins the market.

This raises the question of whether the regulator would block competition for the status
quo if she could. As noted above, for the baseline model (v = 0, s = 1), the regulator prefers
competition to communication. Correlation and a higher expected quality of the innovation
(s > 1) make this choice less clear.

When the scale parameter s is large, the value of approving the innovation is, in expec-
tation, much higher. The regulator wishes, therefore, to maximize communication, even if
it comes at the expense of having to limit competition. If, however, the correlation within
firms v is high, competition comes with a smaller cost to communication. With high v, the
market winner under the status quo is likely to also be the winner under the innovation and
the tension between competition and communication is ameliorated.

Proposition 5b describes the equilibrium trade-off between competition and communica-
tion for the regulator. As the exact balance depends on the distributions of quality and other
parameters, which we allow to be very general, we state the result only for when the regulator

prefers either maximum or minimum competition.

Proposition 5 (b) Suppose the regulator can choose the level of competition n € {1, ..., 7}
when there is competition under the status quo and product qualities are given by (2). The

requlator’s optimal degree of competition is:

(i) n* =1 if s is sufficiently large and v is sufficiently small,
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(ii) n* =m if v is sufficiently large or if s is sufficiently small.

In Proposition 5b the regulator can limit the number of firms but cannot control competition
within the market itself. An interesting variant on this result is to suppose the regulator’s
decision to allow competition can be a function of her policy choice. In contrast to what might
be the conventional wisdom, the logic of this section suggests that, for the baseline model at
least, the regulator’s best choice is to encourage competition under the status quo policy but
not for the innovation. Only in this way can the regulator gain the benefit of competition
while keeping open the channel of communication with the market.

This logic also suggests an interesting twist on business strategy. In practice, innovating
firms typically enter a market only for the innovation, even if entry under the status quo is
possible. The ideas in this section suggest that an innovating firm should enter the market
even without putting the innovation to work as, by doing so, it may win the market under
the status quo and establish credibility with the regulator. This allows him to persuade the

regulator to open the market to the innovation when she otherwise may not.

4.3 Adaptation III: Antitrust

In the first two adaptations, a change in the nature of market competition changed the way
information is shared with the regulator. In this section we consider changing the competitors
themselves. We suppose that the incumbent can make a takeover offer for one or more
entrants. When successful, a takeover changes the quality of the incumbent’s product and,
thus, the information he holds.

We amend the timing of Section 2 as follows. In between Steps 1 and 2, the incumbent has
one opportunity to make a private take-over offer for an entrant at price a; > 0, and the en-
trant decides whether to accept. If indifferent, the entrant accepts. The regulator observes a
successful takeover, but cannot distinguish between a rejected takeover offer and no offer. Af-
ter buying firm j, the incumbent’s quality under policy p becomes ¢ (p) = maz{q(p), ¢;(p)},
the higher of its own and the acquired entrant’s quality.

That takeovers are possible does not cause the communication problem of the baseline
model to go away, or indeed to even change. However, a causal effect does emerge that runs
in the opposite direction. Precisely because there is a communication problem, a takeover
is profitable. The incumbent understands that because the regulator listens only to him, he
can capture the benefit of a higher product quality, and, at the same time, the entrant knows
that he won’t be able to.

This is a new logic for takeovers that does not rely on synergies or asymmetric information
between the two firms involved. Rather, it is the asymmetry in the ability to communicate

with the regulator that makes a takeover profitable. The takeover does not create value,
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instead it unlocks value that is latent in the market.
Equilibrium behavior is given in Proposition 6. To maximize his profit, the incum-
win __

bent targets the entrant with the highest quality. Denote the maximum quality by ¢"'" =

max,{¢""(p)}, and the global winner w as the firm j that produces this quality for some

policy, ¢;(p) = ¢"™.

Proposition 6 There exists a reqular equilibrium in which the incumbent acquires the global
winner for price zero whenever w # 1, and the regulator follows the incumbent’s recommen-

: * *
dation, p* = mj.

Takeovers benefit the incumbent and they benefit society as well. By aligning product
quality with the ability to communicate with the regulator, takeovers bring innovations to
market more often. Moreover, it does so efficiently, with the product that comes to market
being the highest quality product. Allowing takeovers outperforms the adaptations of the
previous sections as it leaves the market to sort out which product comes to market. As the
market is where information resides, this is done with maximum efficiency.

A prominent question in the practice of antitrust is whether large incumbents—nowadays
predominantly tech companies—should be allowed to acquire start-ups that may eventually
compete directly with them. In recent times such acquisitions have gone unchallenged by
antitrust authorities, leading to a rigorous debate inside and outside of academia on the costs
of such a policy (see, e.g., Bryan and Hovenkamp, 2020). To this debate we add a new
dimension. We show that when an industry is regulated in the shadow of antitrust policy,
lax antitrust policy can alleviate the informational blockage that emerges between the market
and the regulator. Takeovers in our model give life to innovations that otherwise would not
make it to the market.

We emphasize that the informational mechanism we identify is only one element in any
assessment of the competitive effects of a takeover. In particular, our model sets aside the
need for firms to innovate. Were we to add this to the baseline model, the incentive to
innovate would be non-existent for the entrants and it would not be helped by the prospect of
a takeover by the incumbent. In Proposition 6 the incumbent has too much power, driving the
acquisition price to zero, and this disincentivizes an entrant from innovating. This suggests
that for takeovers to be efficiency enhancing, the bargaining power of the entrants would need
to be increased so as to increase the takeover price paid by the incumbent.

It is important to Proposition 6 that the takeover offer is private in the sense that it is
unobserved by the regulator. If the regulator were to observe the offer, that information alone
may be enough for her to learn that the innovation is safe, and the entrant could reject the
offer in anticipation that the policy would change. However, the incumbent could circumvent

this inference by making an offer of zero to all entrants, regardless of the state, revealing no
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information and maintaining its leverage over the entrants. The possibilities this opens up
suggests interesting strategies and interactions in antitrust when a regulator with the power

to open a market is watching.

5 Discussion

5.1 Regulatory Capture

In their volume on regulatory capture, Carpenter and Moss (2013) define strong and weak
forms of capture. Weak capture is when the regulator’s behavior distorts outcomes from
society’s interests, and strong capture is when the distortion is so large that society would be
better off without the regulator.

Behavior in our model represents neither form of capture, but only to the extent that the
regulator’s risk aversion reflects society’s preferences. If the regulator’s risk aversion instead
represents a principal-agent problem between her and society, then capture is strong when the
number of innovating entrants is large and society prefers the innovation be approved whereas
the regulator blocks it. Regardless of the form of capture, or whether there is capture at all,
there does exist regulatory protection. The incumbent firm benefits from regulation even when

the regulator is acting in perfect alignment with society’s interests (see Carpenter, 2004).

5.2 Regulating Innovation in Practice

Our model resonates with how innovations are regulated in practice, from society-altering
innovations in high tech industries to smaller breakthroughs in more mundane industries. In
this section, we discuss a few historical examples to illustrate the essential aspects of our

model.

Fitting the model to practice. Our model sits on a foundation of several key features:
innovation offers the potential of enormous benefit but at the risk of social harm, information
about the impact of the innovation is locked up in the firms developing the technologies, the
market for the innovation is competitive and, as a result, firms have an incentive to mis-
represent their information to regulators. This collection of features—and the challenge they
present to regulators—is perhaps nowhere more clearly evident than in the rapid developments
of Artificial Intelligence (AI). The benefits of Al are clear, from labor-saving productivity
gains, to improvements in the diagnosis and treatment of diseases, to easier global commu-
nications, and so on. A much more capable Artificial General Intelligence (AGI), however,
has been speculated to portend substantial harm for society and a much darker future for

humanity.
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The development of Al fits our model also in that it is competitive and that information
asymmetry is a key part of the regulatory process. Many firms are developing Al capabilities
and products, from the largest tech companies to new start-ups. These firms are lining
up to compete in the market and also in the policy domain, with many players eagerly
participating in regulatory hearings and policy briefings hoping to shape regulations in their
favor. The space for firms to influence regulations is large as most policymakers lack even a
basic understanding of the technology and how it will impact society. Whilst it is difficult
at this stage to prove that the firms have misrepresented their information to policymakers,
the willingness to misrepresent was exposed when the socially-minded board of directors at
OpenAl concluded that the CEO was “not consistently candid” in his communications about

the power—and potential dangers—of the latest technological advances (OpenAl, 2023).

Regulatory approval and the harm of a failed innovation. A key premise of our
model is that innovations can bring harm as well as benefit society. Whilst the potential
harm of Al remains on the horizon, examples abound of harmful innovations that did receive
regulatory approval, highlighting the danger of getting the policy decision on a new technology
wrong. A striking recent example of a damaging innovation comes from pharmaceuticals and
the experience of Oxycodone. Oxycodone has brought enormous benefit to the world—it
appears on the WHQO’s List of Essential Medicines—but in the form of Oxycontin it has
played a central role in the opioid epidemic that has caused enormous harm in the U.S. and
elsewhere. As Dr. David Kessler, FDA commissioner at the time Oxycontin was approved,
acknowledged, “No doubt it was a mistake. It was certainly one of the worst medical mistakes,
a major mistake. ... No doubt [the opioid epidemic|] began there.” (See Kolodny, 2020;
Mitchell, 2018).

Regulatory policy that misses the benefit of innovation. Another central feature
of our model is that beneficial innovations are not easily identifiable to regulators. The
subtlety in matching this feature to practice is that it requires examples of innovations that
we don’t see, innovations that would have been beneficial had they been permitted. It is
easier to identify such examples by looking at innovations that did make it to market but in
a constrained way such that much of the benefit was missed. One such example is nuclear
power in the U.S. and in many other countries. Although the building of nuclear power
plants has always been legal, fear of a nuclear accident led to regulations that made building
and operating nuclear plants uneconomical causing the industry to stagnate. After an initial
burst of construction, no new nuclear plants began construction in the years 1977-2013. This
regulatory caution has come at great cost, with an increased reliance on fossil fuels, namely
coal, that has caused enormous harm to health in the short term and to the environment in
the long term (Markandya and Wilkinson, 2007).
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5.3 Variations and Extensions

We have, so far, extended the baseline model in multiple directions and considered some
natural variants. In this section we develop informally several more, focusing on the robustness
of the communication problem at the heart of the model and the implications of that problem

for broader political and market behavior.

Common Uncertainty. It is realistic that the firms have better information about an
innovation than does the regulator, but a stretch to believe, despite their often-extreme con-
fidence, that the firms know outcomes precisely. Adding some common uncertainty about
the innovation does not affect the core mechanism driving our results as long as the firms re-
main better informed than the regulator. Common uncertainty does, however, lead to several
additional effects.

When the firms are uncertain about the innovation a wedge forms between the preferences
of the incumbent and the regulator due to the regulator’s risk aversion. The impact of this
wedge depends on the degree of the common uncertainty. The incumbent lobbies for the
innovation if he wins the market and the expected outcome is above the status quo outcome,
whereas the regulator prefers to reject the innovation if there is significant, or possibly any,
chance the outcome falls below her threshold, ¢”.

This leads to two interesting effects. First, the regulator will favor an incumbent that has
high profit under the status quo policy. This increases the expected quality of the innovation,
should the incumbent recommend it be approved, and lowers the probability that the true
quality falls below the regulator’s threshold ¢*.2° This pattern resonates with the findings on
FDA regulation in Carpenter (2004).

Second, there may be a benefit to allowing some competition. Recall that, conditional
on recommending the innovation, the incumbent’s expected quality is higher when he faces
competition. Thus, it may be that a monopolist incumbent is unable to persuade the regulator
whereas an incumbent facing competition can. Of course, the more competition there is, the
less likely the incumbent wins the market and the lower the probability the innovation makes
it to market. In this case, there may be a sweet spot degree of competition for the regulator
that allows communication between her and the incumbent whilst not suppressing too much
the probability that it happens.

Common uncertainty also leads to more subtle lobbying behavior. If uncertainty is id-
iosyncratic, a firm may not know whether it will win the market, and this makes it even less
likely that an innovation comes to market as the incumbent will be hesitant to recommend it

be approved. It may also be the case that firms lobby for multiple policies as they trade off

20 Assuming residual uncertainty is independent of realized quality or, at least, not increasing too sharply
in it.
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the probability of winning the market against the expected profit. This does not necessarily
lead to a greater information flow as firms may lobby only for a policy that has lower expected
quality if their advantage over the competition is clearer. A similar logic holds if the firms
observe their own quality precisely but the quality of the other firms imprecisely. The regu-
lator can then trust the incumbent fully, but the incumbent will be less likely to recommend

the innovation and the entrants may lobby strategically for multiple policies.

Non Winner Take All Markets. This leads to contrasting information effects. When
more firms profit from the status quo, communication with the regulator increases as more
firms are credible. Working against this increase in communication, however, is that the
information the regulator receives is fragmented. Each firm makes a recommendation based
on its own relative quality and the regulator will be less confident that an innovation in
aggregate is beneficial to society. Whether the regulator responds to lobbying to approve the
innovation will depend on the number of incumbents recommending the innovation and the

nature of competition in the market.

Innovation Over Time. In practice, entrants arrive at a market over time rather than all
at once. This has contrasting effects on innovation that can both delay and speed-up innova-
tion when the regulator’s risk aversion is less than extreme. As shown in Proposition 3, the
regulator will approve an innovation only if there are enough entrants. Thus, if the entrants
take time to arrive, her approval will also take time as she waits for their number to accu-
mulate. More surprisingly, the slow arrival of entrants can speed-up innovation by inducing
the incumbent to recommend approval even when he knows he will ultimately be disrupted.
Following the same logic of temporary monopoly in Proposition 4, the incumbent will trade-
off a short-term profit increase versus long-term loss of the market, and will recommend the

innovation if he expects disruption to not occur too soon.

Informational Collusion. Allowing the incumbent to make a take-it-or-leave-it acquisition
offer to the entrants is just one example of what Gans and Stern (2000) refer to as a “collusive
agreement” between firms (see also Gans (2017)). Our model identifies a novel benefit of
collusive agreements between firms. One firm holds a productive innovation whereas the
other holds credibility with the regulator. We showed how a takeover can unlock this value.
An interesting set of questions emerge if antitrust is strictly enforced such that takeovers are
not allowed. Can the incumbent and a higher-quality entrant find some other way to collude
and capture the benefit of the innovation? Can the entrants collude in their lobbying and
market strategies so as to create credibility with the regulator? That many innovations are
missed because of informational asymmetry opens up new angles on business strategy, both

in the market and in the firm’s relationship with a regulator.
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6 Conclusion

Breakthrough technologies like generative-Al, nuclear power, and gene editing, present regu-
lators with difficult choices. A regulator can approve their use and unleash their capabilities
on society, thereby capturing the potential benefits but also opening society up to harm. Or
a regulator can hold the new technologies back, keep society safe but deprive us all of the
potential benefits. The model we develop in this paper shows the power this dilemma de-
livers to the incumbent firm. Even when there are many firms competing in the market, all
with better information about the innovation than the regulator, the endogenous alignment
between the incumbent and the regulator puts the incumbent firm in a position of power.

This conclusion may be a source of optimism if we expect the incumbent firm to prevail
under the new technology. However, there is little reason to expect this to be the case.
Indeed, for breakthrough technologies, there is good reason to expect that the incumbent
is singularly unlikely to be successful with the new technology, particularly when the new
technology requires a different way of organizing production, what Gans (2016) refers to as
supply-side disruption.

Since at least the time of Schumpeter (1942), the importance of innovation to economic
outcomes has occupied a central place in economics. More recently, the role of government
policy in fostering innovation has come into focus (Bryan and Williams, 2021). What has
received less attention is the strategic behavior of policymakers and how their incentives
interact with those of the market. We have shown here how including the policymaker’s
problem in the analysis can upend standard intuitions about market competition. Exploring
this connection more fully is an important pathway to a deeper understanding of innovation

in the economy.
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A  Proofs

Specifying Off-Path Beliefs The propositions in the main text specify on-path equilib-
rium behavior. In each of the proofs, we will also specify off-path beliefs that support these
equilibria — specifically, the regulator’s beliefs and corresponding decisions following events
that are inconsistent with on-path behavior. (We need only consider events that may arise
due to unilateral deviations.) Such events occur with zero-probability on-path, and arise ei-
ther because of deviations from equilibrium play, or because of knife-edge outcomes where
two firms have the same quality realizations for two policies, i.e., where ¢;(p) = g;/(p) for
some j # j'. Off-path beliefs following such events are constructed as follows. The regula-
tor attributes zero-probability outcomes to “mistakes” by individual players. The regulator
believes that (i) mistakes are uninformative, i.e., uncorrelated with the realization of quality
shocks; that (ii) the incumbent and entrant are roughly equally likely to make mistakes; that
(ili) each firm’s mistakes are uniformly distributed over the set of possible recommendations
(including the empty recommendation); and that (iv) mistakes are infinitely more likely than
knife-edge quality realizations. So, the regulator overwhelmingly favours explanations where

mistakes are made over explanations where knife-edge outcomes occur.

Proof of Proposition 1. Given that the incumbent’s and regulator’s equilibrium
strategies, the highest possible quality max, ¢ (p) is implemented. Both the incumbent’s and
regulator’s utilities are increasing in the quality of the implemented policy, so neither the
regulator nor incumbent has any profitable deviations.

Off-Path Beliefs If the incumbent deviates by making an empty recommendation, the
regulator infers that the incumbent made a mistake, and responds by implementing the status

quo. This is weakly dominated by the regular strategy. m

Proof of Proposition 2. Regulator’s Strategy: Given that the firms play regular
strategies, the regulator has to pick from one of four options: (i) follow an entrant’s recom-
mendation (if at least one entrant made a recommendation), (ii) adopt a policy p > 1 that
was not recommended by any firm, (iii) follow the incumbent’s recommendation, (iv) adopt
the status-quo policy (even if it was not recommended by the incumbent).

Suppose the regulator follows entrant j’s recommendation. With positive probability,
entrant j recommends one of the policies p > 1 that he wins with quality strictly less than ¢*;
thus the regulator’s expected utility would be —oo. The regulator would be strictly better off
always implementing the status-quo and receiving utility ¢°%.

Suppose the regulator adopts an unrecommended policy p > 1. Given that firms play
regular strategies, if a policy is unrecommended, then with probability one the incumbent
wins under that policy (but prefers the status quo).With positive probability, the incumbent’s
winning quality under this policy is strictly less than ¢*. The regulator would be strictly better
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off always implementing the status-quo.

Suppose the regulator listens to the incumbent. The incumbent’s quality under the rec-
ommended policy must be weakly (and sometimes strictly) higher than his status quo quality;
thus the regulator is strictly better off listening to the incumbent than adopting the status-
quo.

Collecting our observations so far, that the regulator’s best response is to listen to the
incumbent.

Firm Strategies: By construction, the incumbent’s preferred policy is implemented, so the
incumbent has no profitable deviations. Given the regulator’s and incumbent’s strategies,
each entrant receives zero regardless of their recommendation; thus they have no profitable
deviations either.

Off-Path Beliefs: There are five possible types of off-path outcomes that are consistent
with unilateral deviations. (i) The incumbent does not make a recommendation. (ii) The
incumbent recommends the policy as one of the entrants. (iii) Two of the entrants recommend
the same policy. (iv) more entrants make distinct recommendations than there are policies.
(v) an entrant recommends the status quo.

In the case of (i), the regulator infers that the incumbent made a mistake, and chooses the
status-quo decision. In (ii), the regulator infers that either the incumbent or entrant made a
mistake, and chooses the status-quo decision. In (iii), (iv), and (v), the regulator infers that

an entrant made a mistake, and follows the incumbent’s recommendation. m

Proof of Corollary 1. (i) First-best social surplus U(p©?) is the maximum of the
incumbent’s status-quo quality ¢3? and all firms’ qualities ¢;(1) under policy p = 1. As
each ¢;(1) is i.i.d., the distribution of U(p’®) is strictly increasing (in the sense of first-order
stochastic dominance) in the number of firms n. (ii) In equilibrium, the regulator will follow
the incumbent’s recommendation, and the incumbent will recommend policy p = 1 if and

only if he wins there and is more productive there than under the status quo. So we have
U(p*) = max{uo(1),us (1)}
where uo(1) = ¢°? and

(1) if (1) = maxjeq,.. x3{g;(1) }

0 otherwise.

Ul(l) =

Observe that that u;(1) and thus U(p*) decreases (in distribution) as the number of entrants

n increases. W

Proof of Corollary 2. This follows from the fact that the regulator’s expected utility

is decreasing in n. m
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Proof of Proposition 3. Suppose some entrant recommends policy p = 1 (in which
case, given that all firms play regular strategies, the incumbent must have recommended the
status-quo). Then the quality of the winning firm under policy p = 1, which is independent

of whether an entrant or the incumbent wins under policy p = 1, is distributed as

qmax<1> = IIlaX{(h(l), Q2(1>7 s an(l)}ﬂ

and the regulator’s utility is
Elg™™(1)] = APr[g™*(1) < ¢"].

Given that each firm’s p = 1 quality is i.i.d. with right-unbounded support, (i) ¢™**(1) is thus
increasing (in stochastic dominance) in the number of firms n and E[¢™**(1)] approaches co as
n — oo, and (ii) Pr[¢™®(1) < ¢*] decreases in n and vanishes as n — oo; thus the regulator’s
expected utility from implementing p = 1 is strictly increasing in n and approaches co. In
comparison, the regulator’s utility from implementing the status quo is invariably ¢°?. Thus
conditional on an entrant recommending policy p = 1, the regulator implements policy p = 1
if and only if n is sufficiently large.

It remains to note the two remaining possibilities: either the incumbent recommends the
status quo p = 0 and nobody recommends p = 1, or the incumbent recommends p = 1
and nobody recommends the status quo p = 0. In both cases, the regulator infers that the
incumbent wins under both policies and is recommending the first-best policy; the regulator
thus optimally implements the incumbent’s recommendation.

Off-Path Beliefs There are three relevant types of off-path outcomes. (i) The incumbent
does not make a recommendation, in which case the regulator infers that the incumbent
made a mistake. In the case n < n, this cannot be a profitable deviation for the incumbent
regardless of the regulator’s response given that the incumbent’s preferred policy would be
implemented in equilibrium. If n > 7 and an entrant recommends policy p = 1, then (whether
in equilibrium or if the regulator infers that incumbent made a mistake) the regulator will
implement policy p = 1; so the incumbent cannot gain from deviating. If n > n and no entrant
recommends policy p = 1, then the regulator would follow the incumbent’s recommendation
in equilibrium; so again the incumbent cannot gain by deviating. (ii) The incumbent and
an entrant both recommend policy p = 1. The regulator infers that one of the two firms
made a mistake. In the case n < n, this cannot be a profitable deviation for the incumbent
regardless of the regulator’s response — given that the incumbent’s preferred policy would
be implemented in equilibrium anyway. It cannot be a profitable deviation for the entrant
because the entrant cannot have won under either policy. If n > n, then the regulator will

implement policy p = 1 following such an off-path outcome; neither firm would profit from
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such a deviation. (iii) Two entrants both recommend policy p = 1 (and the incumbent
recommends the status quo p = 0). The regulator infers that one of the two entrants made
a mistake. If n < n, then the regulator follows the incumbent’s status-quo recommendation;
neither entrant can profit from such a deviation. If n > n, then the regulator implements

policy p = 1 anyway, so such a deviation by either entrant has no effect on the outcome. m

Proof of Proposition 4. Fix 7. Let P be the set of all policies, and P; be the
set of policies where firm j is the market winner. Consider the incumbent’s first-period
recommendation. Given the regulator’s decision rule: if the incumbent recommends a policy
p € P, where he is the market winner, then he will receive his winning payoff ¢;(p) in all
periods. Otherwise, if the incumbent recommends a policy p’ € P\ Py, then in period 7 + 1,
the winner of that policy will recommend his own preferred policy, which will be implemented
in all subsequent periods; thus the incumbent will receive ¢, (p’) for the first 7 periods, and 0
in subsequent periods. It follows that the incumbent’s optimal choice in the first period must

be one of the following:

1. Recommend p° (his highest-quality policy from P;)

2. Recommend p™ (his highest-quality policy from P\ P;).
Further, one of these two choices is almost surely strictly optimal. His expected discounted
payoff is then

L1 (p°) if he chooses p°

V = 1-6
= qi(p) if he chooses p©

Notice that p™ = arg maxpegpe p-3{q:1(p)}. It follows that the 7-regular strategy is optimal
for the incumbent given the regulator’s strategy. Now consider the regulator’s strategy. We
say that a policy p is safe at a given history if the regulator believes that gy, (p) > ¢ with
probability one. The regulator’s expected utility from implementing an unsafe policy is —oo,
so the regulator only implements safe policies. During the monopoly period, the only safe
policies are the status quo and the incumbent’s recommendation. The regulator knows that
the incumbent’s recommendation (if distinct from the status quo) will have higher quality than
the status quo, both during and after the monopoly period. It is thus strictly optimal for the
regulator to implement the incumbent’s recommendation for all rounds ¢ < 7 + 1. Further,
if the winner at period 7 4+ 1 is someone other than the incumbent, then this firm’s will
recommend his preferred policy in round 7+ 2; which will (if different from the period-(7+1)
policy) be weakly (and almost surely strictly) be of higher quality than the period-(7 + 1)
policy and thus safe as well. It is thus strictly optimal for the regulator to follow this firm’s

recommendation for all rounds from 7 + 1 onwards.
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Off-Path Beliefs If the incumbent deviates by making the empty recommendation in the
first period, the regulator infers that the incumbent made a mistake and responds by imple-
menting the status-quo policy during the monopoly period. In the continuation equilibrium,
the incumbent then recommends his preferred policy p* in period 7+ 1, and the regulator im-
plements this policy in all subsequent periods. (This is analogous to the equilibrium outcome
from Proposition 2). This outcome is weakly dominated for the incumbent by the on-path
outcome where the incumbent recommends p" in the first period, and thus is not a profitable
deviation.

Suppose now that in period 742, the period-7+1 winner deviates by recommending either
the status quo or by making an empty recommendation. The regulator infers that the period-
7+ 1 winner made a mistake, and implements the same policy as in period 7+ 1. From period
T 4 2 onwards, the continuation game from period 7 + 1 is then replayed. This outcome is
dominated by the original continuation equilibrium, and thus cannot be a profitable deviation,
for the period-7+ 1 winner. There are various other potential deviations by the other players;
the regulator responds to these by implementing the period-7 + 1 winner’s recommendation,

thus these deviations cannot be profitable. =

Proof of Proposition 4b. Recall that the optimal monopoly length maximizes the

regulator’s discounted expected payoft:

7" € arg max V(1)

T€(0,00)
where
Vi) = [ maxta. ) s@da - [T =00 - P o) )y
+ /O:Q 07 (E[Qn-1la < Qua] = a)(1 = F""Y(q)) f(a)dg. (3)

1-67

Let’s collect a few observations. First, V(1) is continuously differentiable in 7. Second,

V'(1) < 0 for sufficiently large 7. To see why, write

Vi(r) = DA + ()
where
g x _ SQ | st x x el o w4
A(T) = S (@ = V4 8(BlQualg” < Qnal —¢) (1= F" N g")f (¢") with ¢" = —

-
B(r) = / (ElQurlg < Quos] — )(1 — F"(q))f(g)da.

5Q
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SQ
AW) = g gd (@ (BlQuala” < Qo] =) (1= F* g (a") = 57O0rnc(1),
and
B(r) = [ (ElQuila < Quetl — 01 = F (@) )da = O (1)

Given that %° = §"logd < 0 and that lim, . B(7) > 0, it follows that V'(r) < 0 for

sufficiently large 7. Third, V(1) is strictly minimized when 7 = 0, because

o0

V)= [ maxa.d®H @da— [ (a0 - P @) 0de
0 q
Collecting these three observations, we infer that the set 7 = arg max,¢(g,0) V(7) of optimal
monopoly lengths is nonempty and each element of 7™ is strictly bounded away from 0 and
00.
We will now show that T* is strictly increasing in d in the sense of weak set order. Notice

that, with the substitution d = 07, we can rewrite (3) as

qSQ

V)= [ maxta. ) fada— [ 0= a0 - P @) o)

+ [ EQuala < @ut] = 01 = P @) (@) n

1—-d

Given 6 € (0,1), the regulator’s optimization problem over 7 can be transformed to the

equivalent problem

T — 1% — D* = Vi(d
g V) sy V)

where D* = {d*:d* =6 for some 7% € T*.}

Notice that this transformed problem is invariant to §. It follows that if § increases, the
log d*

set of elements d* € D* remains unchanged while each corresponding element 7 = Tog 5

increases. That is, T™ is strictly increasing in 9.

So far, we have considered an optimization problem where the regulator chooses any (pos-
sibly non-integer) 7 € [0, 00). Suppose instead that the regulator chooses from integer-valued
monopoly lengths, 7 € {0,1,2,...}. Discrete versions of the second and third observations
above follow immediately from their continuous counterparts: V(1) is strictly decreasing in 7

for sufficiently large 7, and V() is strictly minimized when 7 = 0. Thus, an optimal (finite)
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integer-valued 7* exists. m

Proof of Proposition 5. Given the regulator’s strategy, the status-quo winner’s strat-
egy is optimal: he recommends his preferred policy and has it implemented in all periods
t > 2, while the status-quo policy is implemented regardless of his recommendation in the
first period. The other firm’s strategies are also best responses: their recommendations have
no effect on the chosen policies. Now consider the regulator’s strategy. As with the proof
of Proposition 4, we say that a policy p is safe at a given history if the regulator believes
that g, (p) > ¢~ with probability one. The regulator’s expected utility from implementing
an unsafe policy is —oo, so the regulator only implements safe policies. In the first period,
before the regulator learns the identity of the status-quo winner, the only safe policy is the
status quo. In subsequent periods, the only safe policies are the status quo and the status-quo
winner’s recommendation. In particular, the regulator knows that given regular communi-
cation, the status-quo winner’s recommendation will have (weakly, and sometime strictly)
higher quality than the status quo. Thus it is optimal for the regulator to implement the
status quo winner’s recommendation for all periods ¢t > 2.

Off-Path Beliefs In the first period, there are three relevant types of off-path outcomes.
(i) Two firms make the same recommendation. The regulator infers that one of the two
firms made a mistake. (ii) More firms make recommendations than there are policies. The
regulator infers that one of the firms made a mistake. (iii) No firms make recommendations.
The regulator infers that one of the firms made a mistake. In all three cases, it remains
optimal for the regulator to choose the status-quo policy.

For the second period, the regulator’s beliefs following off-path outcomes follow those in
the baseline model, except with the first-period winner taking the position of the incumbent.
|

Proof of Proposition 5b. Each firm recommends their preferred policy in all periods.
In the first period, the regulator chooses the status-quo, which is the only safe policy. In
all subsequent periods, the regulator chooses the status-quo winner’s recommendation. (On
the equilibrium path, this policy and the status quo are the only two safe policies.) The

first-period outcome corresponds to the status-quo policy’s winning quality:

q~n = qw(O)(O) = maX{qSQ7 Qn—l}-

The status-quo winner recommends the alternative, p = 1, if he wins there and his p = 1

quality is higher than his status-quo quality. The outcome in all periods ¢ > 2 is thus

Gn = max{qu(0)(0), 8 * Gu(0) (1) * Lgy0) (1) >max; 2o 0) (a5 (10}
notice that F [cjn} is continuous in s. Also, the regulator’s expected discounted payoff (nor-
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malized by factor 1 — 0) is
E[Va] = (1 = 0)Ega] + 0 E[qn].

High correlation (v — 1) As v — 1, the probability approaches one that (i) every firm’s
p = 1 quality is exactly factor s > 1 larger than his status-quo quality, and thus that (ii) the
first-period winner is also the second-period winner, in which case ¢, = $¢,. Thus as v — 1,

we have (pointwise)
Vo = E[(1 = 0)Gn + 65G,) — ((1 = 0) + 65) E[max{q°?, Qn_1}].

This expression is strictly increasing in n. It follows that for n € {1,...,7} and for sufficiently
large v, V,, must be strictly increasing in n. Thus (for sufficiently large v) the optimal degree

of competition is n = n.

Limited scale (s — 1) Let < denote first-order stochastic dominance. If s = 1, then

Gn < max{q?, Qn_1, qu(o)(1)} < max{¢®?, Q,};

s0 E[¢n] < Emax{¢®?,Q,}] for s = 1. Given that E|[g,] is continuous in s, it follows that for
s sufficiently close to one, for all n € {1,..7a}, we have E[g,] < E[max{¢°?,Q,}] and thus

Emax{¢°?, Q,_1}] < E[(1 = 0)§n + (55,5] < E[max{¢°?, Q,}].

Vi

It follows that E[V}] is strictly increasing in n within some right-neighbourhood of s = 1.

Low correlation, large scale (v — 0,s — 00) Denote the probability

Pr(q,, ) = max{q;}jeq,. n}] that the status-quo-winning firm w(0) also has the highest draw
amongst {q}}jeq1,..ny by P(n). P(n) is independent of s and v, and is strictly less than one
and strictly decreasing in n; while ¢, is independent of s and v and increasing in n.

Asv — 0, qu(o)(1) equals ¢; with probability approaching one; thus (for given n) E[gu0)(1)] =
E[¢:](1 + 0,0(1)), with the convergence rate being independent of s. Further, as s — oo
(for given v), the probability that firm w(0) has higher quality under policy p = 1 than un-
der the status quo p = 0 approaches one; thus the regulator’s expected discounted payoff is

asymptotically
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EVa] = (1= 6)E[Ga] + 0E[n]
=(1—-=04dvs+d(1—Pn))(1—v))E[G]
+ 0P(n)(1 — v) E[max{qu()(0), $¢u(o) (1) }|w(0) = w(1)]
=1 =d+0dvs+ (1= P(n)(1 —v))E[G] + 6 P(n) -5 Elquo)(1)](1 + 0v-0,5-00(1))
=6-P(n) s Elguo) (1)1 + 0vm0,5500(1))
=0-P(n)-s- ElG](1 4 0p-0(1))(1 + 0p50,s00(1)).

Given that P(n) - s - E[¢] is strictly decreasing in n, we can thus select 5 and v such that
E[V,,] is strictly decreasing in n for n € {1,....,m}, s > 5 and v € [0,v). That is, for given

sufficiently small v and sufficiently large s, the regulator optimally chooses n =1. =

Proof of Proposition 6. Here, we focus on an equilibrium where the incumbent chooses
not to make any offer to an entrant if he is indifferent (as is the case when he is the global
winner, w = 1).

Suppose the global winner is not the incumbent. It is optimal for the global winner
to accept the incumbent’s offer: given that the regulator will implement the incumbent’s
recommendation, the global winner receives a payoff of zero regardless of whether he accepts
or rejects the offer. It is also optimal for the incumbent to make an offer of zero to the
global winner. Given that the global winner will accept, and the regulator will implement
the incumbent’s recommendation, the incumbent’s payoff equals the global-maximum quality:
this is the best possible outcome for the incumbent.

It is optimal for the incumbent to recommend his best policy, given that the regulator will
implement his recommendation. It is optimal for the regulator to implement the incumbent’s
recommendation: the regulator believes that the incumbent recommends the policy that
globally maximizes quality (regardless of whether the incumbent makes an acquisition), so

there are no profitable deviations for the regulator. m
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