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Abstract

Institutions shape political and economic outcomes, but they do so within an en-
vironment of unequal access to information and asymmetric power dynamics. My
dissertation examines how these asymmetries influence decision-making in broadly
three institutional settings—regulatory policymaking, coalition bargaining, and bu-
reaucratic coordination—focusing on the ways in which information access, bargaining
power, and coordination constraints shape decision-making.

In Strategic Experiments Under Regulatory Uncertainty, I present a model of poli-
cymaking in complex domains. I apply the model to a hypothetical situation in which
a firm has developed a new product but is uncertain about its quality. The firm can
acquire more information about the quality of the product, but knows that this in-
formation will be “public” in the sense that it will also be observed by the regulator.
The firm’s choice about information is represented as a Blackwell experiment. After
the firm designs its experiment and the result of the experiment is realized, the firm
and regulator can each take unilateral costly action to discover the truth. Thus, the
firm wants to learn enough to make the optimal choice regarding revealing the true
state but also wants to prevent the regulator from knowing too much. In equilibrium,
the firm chooses to reveal partial information with a binary experiment. In particu-
lar, the firm’s optimal experiment is informative only about whether the firm or the
regulator has an incentive to invest in discovering the product’s true quality.

In Bargaining for Longevity, 1 propose a theoretical framework of government
coalitions in which a proposer with complete discretion over resource allocation be-
tween her and a partner faces a trade-off between immediate gains and long-term
stability. I particularly focus on the role of dynamic outside options in driving this
trade-off and show that the real benefit of being a proposer may not be in the share
she appropriates within a coalition but rather in her choice of coalition longevity. The
proposer sometimes concedes to her partner and buys his long-term support just so
that she can be the one to time the dissolution of the coalition. This mechanism lends
additional support to the lack of proposer advantage in portfolio allocation as well as
the relative strength of weak parties discussed in the empirical literature. I further
identify conditions under which parties may agree on their choice to use commitment
devices.

Lastly, I show in a co-authored work, Coordination in Bureaucratic Policy-Making,
how agencies with overlapping policy responsibilities coordinate their decisions. We
consider a model of coordination in which a political executive can provide subsidized
coordination between two agencies and consider how this possibility affects both the
agencies’ incentives and, ultimately, social welfare. Our model of subsidizing coor-
dination is very simple: an executive can invest her own resources in a coordination
protocol that the agencies can (but need not) use to align their decisions. We con-
sider the impact of scarce attention at the agency level and demonstrate that, while
coordination between the agencies is maximized by the agencies having aligned pol-
icy preferences, the fact that the executive can invest in the coordination protocol
undermines these incentives.
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Chapter 1

Strategic Experiments Under

Regulatory Uncertainty

1.1 Introduction

Emerging technologies continuously reshape markets, often adding new regulatory
concerns to an industry. In response, regulatory agencies are tasked with evalu-
ating these new developments with regard to the existing regulatory practices and
determining potential violations. Yet the significant complexity of many industries,
coupled with the inadvertent co-production of latent hazards by independent firms,
leaves both firms and agencies uncertain about the new product’s expected safety or,
more broadly, its impact on society’s welfare [52, 46, 139, 146, 169].

For instance, part of the reason behind the grounding of the Boeing 787 Dream-
liner fleet was the fact that defects that could emerge in battery manufacturing were
not caught by inspection [150]; the regulation of a decongestant drug pseudoephedrine
highlights how a product can become a critical component in harmful activities, such
as the production of meth, illustrating how regulatory concerns can emerge in unfore-

seen ways. In other cases, a lot is still unknown about whether the facial recognition



technology (FRT)’s benefits will outweigh the potential problems regarding misiden-
tification, underscoring the challenges agencies face in anticipating and addressing
latent risks within existing regulatory frameworks. With the U.S. Supreme Court’s
recent ruling in Loper Bright Enterprises v. Raimondo endowing the courts with the
power to rely on their own interpretation of ambiguous laws, the legal landscape has
recently become far more uncertain for both firms and the agencies that regulate
them.

I consider the firm’s optimal information acquisition in this context. In the theo-
retical framework, both the firm and the regulator are uncertain about the true social
impact of the firm’s product. Uncertainty over the outcome can be fully resolved
through players’ decision to take the issue to court, but prior to the decision, the firm
conducts a one-time observable Blackwell experiment that is informative about the
truth. After the firm and regulator observe the experiment’s outcome, each chooses
whether to accept the status quo level of regulation or pay a cost to go to court
and enforce a new regulatory standard that reflects the “true” social impact of the
product.

It is straightforward to see that players will go to court only if they expect to
gain by doing so. The firm thus wants to learn more about the product, as this
helps the firm make an informed decision about whether or not to risk going to court.
Importantly, however, the firm’s choice of an experiment is public in my model. For
example, in the real world, how tech companies such as Apple, Google, Meta, and
X/Twitter deploy new features using AI shapes not only their own beliefs about
the products’ social, economic, and political impacts - it also shapes the beliefs held
by outsiders, such as regulators and politicians; oil companies shape their own and
the public’s beliefs through their choice of which experts to hire to evaluate new
oil spill prevention technologies; pharmaceutical companies choose which research

design to use when seeking approval of their drugs, and so forth. In the context of



the model, this implies that both the firm and the regulator update their beliefs about
the product’s social impact via the experiment. In other words, the regulator—whose
preferences are not fully aligned with the firm—may also benefit from the firm’s
information acquisition. This paper focuses on how such “learning in front of an
audience” shapes the firm’s incentives to provide information and fully characterizes
the firm’s optimal signal structure.

I show that the firm’s optimal experimental design in this framework manipulates
the observability of the underlying state to the firm’s advantage. Despite having
complete flexibility in designing its information acquisition process, the firm’s optimal
choice is a simple binary experiment: the outcome of the experiment effectively signals
only whether the regulator or the firm may have an incentive to go to court. More
formally, there are essentially two classes of binary experiments that can be optimal
for the firm that reveal whether the product quality is above or below some threshold.

Specifically, I characterize the optimal experiment by examining three different
sub-cases. When the quality of the product is likely to be high, i.e., the firm’s risk of
going to court is low, the firm can perfectly exploit its information-designing power
by revealing all the good information about the product and concealing the rest.
This is equivalent to commissioning a study that reveals only whether the product is
“extremely safe” or “not extremely safe.” Here the prior belief about the product is
favorable enough that the firm can perfectly separate out the states under which it
would challenge the status quo (“extremely safe”); and the key is that even when the
study finds that the product is “not extremely safe,” the regulator still believes that
the product must be safe enough and refrains from going to court.

With moderate risk, the firm-optimal still involves only revealing good information
about the product, but now the firm is unable to reveal all of them as in the low-
risk case. This is because the regulator’s prior belief about the product is moderate

that if the study reveals that the product is not “extremely safe,” the regulator is



now convinced that it must be unsafe and goes to court. For the firm to deter the
regulator from going to court after a bad signal, it optimally has to pool some of
the good information with the bad information. By doing so, the firm induces the
regulator’s posterior belief after the “not extremely safe” outcome to be just high
enough that he is persuaded not to take the issue to court.

When the risk of going to court is high, the firm optimally reveals whether the
product is extremely harmful to the society, i.e., commissions a study that reveals
whether the product is “extremely unsafe” or “not extremely unsafe.” Here the reg-
ulator is very strongly incentivized to go to court in the first place. In order for the
firm to dissuade the regulator from going to court, the firm has to commit to disclos-
ing some of its worst states (“extremely unsafe”), after which the regulator goes to
court and tightens the regulation. The firm ex-ante gains by doing so because this
way, the regulator’s posterior belief conditional on the product being “not extremely
unsafe” is just high enough to deter him from going to court. This last result can
in particular be helpful in explaining why we often see firms voluntarily disclosing
damaging information about its own product. For example, Nike has implemented
a Responsible Disclosure Program that encourages external researchers to report se-
curity vulnerabilities in its products; Meta has hired independent audit boards that
are tasked with revealing controversial practices related to misinformation, harmful
content, and privacy issues. We expect to observe these behaviors when the firm is
least confident about the potential social impact of the product.

The model further shows that both players sometimes have shared preferences for
silence. In equilibrium, the firm strategically manipulates information to maximize
the regulator’s silence; in other words, by fully exploiting its informational advantage,
the regulator is persuaded not to pursue court action even when it could ex-post
successfully challenge the status quo. As a result, the regulator often ends up worse off

due to the firm’s information generation. I find that the regulator sometimes prefers



to let this happen. The idea is that as the firm gains more information about the
product, it becomes better at identifying when it is strategically advantageous to go
to court and in turn goes to court less often compared to when it lacks information.
The regulator, in turn, may benefit from the firm’s increased reluctance to go to
court and willingly forgoes its own opportunities to pursue legal action in favor of
maintaining silence.

This framework is related to an extensive and growing literature on regulation
in incomplete information settings. Previous works consider an optimal stopping
problem in the context of pre-market approval where an agency learns about the
policy environment through the firm’s experimentation [e.g., 50, 52, 46, 47, 100, 140]
or their efforts at self-regulation [139]. Other works examine how market competition
interacts with politics in innovative markets [41, 42], or emphasize the bureaucratic
problems inherent to delegation when new regulatory concerns emerge [31, 82, 146].

Much of the work to date has understandably considered settings in which players’
payoffs are conditional on each other’s action: the firm decides how much experimen-
tation to perform on a product; after observing the outcome, the firm decides whether
to submit the product for review. The regulator observes the information, updates
his beliefs, and then decides whether or not to approve the product [50, 52, 47]. In
this setting, the firm must apply for the product in order for the regulator to review
it. This means that information can never backfire for firm. If the firm’s experiment
returns a bad outcome, and if the firm decides not to submit the product, the regu-
lator is unable to reject something that has not been submitted. The firm’s primary
incentive here is thus to use information to persuade the regulator to approve the
product whenever the firm submits it for review.

The key difference of my model is the firm and the regulator’s ability to act
independently after acquiring information. We often observe examples of this within

the context of post-market complexities associated with a firm’s product. In these



scenarios, the regulator can take unilateral measures that tighten the preexisting
regulation, which implies that now information can backfire. If the outcome of the
experiment is damaging for firm, the regulator can use that information to shift the
regulatory landscape without having to condition its action on firm’s submission.
Now the firm needs to consider how much to learn about the product in light of the
fact that the regulator also observes the information and can use it against the firm.!

More broadly, my model contributes to the large body of research that highlights
how strategic information provision is affected by the preferences of the decision-
maker [e.g. 38, 37, 85, 26, 128, 166 and, concomitantly, how decisions are informed
and chosen when faced with strategically information provision [7, 164, 40, 39, 173,
174, 175, 176, 9, 69, 157, 59, 158]. For instance, [157] find that the employer might
optimally withhold sensitive information that can be used for discrimination. In [158],
the designer might want to incorporate noise into his decision in order to manipulate
behavior. These results resonate with the firm in my model committing to receiving

a noisy signal.

1.2 Benchmark Model

Consider two players, Firm (she) and Regulator (he). Firm wants to expand her
marketing claims for a product. The product is currently subject to a certain level
of regulation, with Firm and Regulator’s utility from the regulation reflected in the
status quo division (x,1 - x) where x € [0,1].

There is currently only preliminary evidence about the product’s expected social

impact, w. This underlying state conveys the extent to which Regulator can impose

Note that this model can still account for the process of product review or bargaining.
So long as both players retain the option to independently challenge the status quo

regulation later down the road, the qualitative results of my model remain consistent.



rules or restrictions on the product within legal confines. To keep the model as
transparent and simple to present as possible, I only focus on the interval over which
Firm and Regulator have misaligned interests and assume that Firm always prefers a
more lenient regulation than Regulator does. Both players can decide to pay some cost
to go to court and have an (unmodeled) court reveal w and enforce a new regulation
based on the underlying state.

Prior to this decision, Firm chooses a publicly observable experiment that gen-
erates some information about state w. This outcome becomes the data for both
players’ decisions that follow. We could expect two counteracting incentives to pre-
vail: one where Firm wants to learn more about the product so that she could make
an informed decision about whether or not to challenge the status quo, and another
where she wants Regulator to be sufficiently unaware that he is persuaded not to go
court even when the current level of regulation is too lenient relative to the “true”
social impact of the product. Generating less information can thus be strategically

optimal for Firm. Each stage of the game is detailed below.

Initial Stage. Nature first draws w from distribution F' with expectation E[w]. T
assume that F' has continuous and strictly positive density f on [0,1]. State w is not
directly observed by any player. Players then observe the status quo division (x, 1-x)

and the cost of going to court ¢ € [0, 1], which is common knowledge to both players.

Signal Stage. Firm engages in a publicly observable Blackwell experiment that
informs both players about the outcome. The experiment gathers more information
about w. Firm can choose how much to learn about it, and any information that Firm
learns is accessible to Regulator. Players condition their strategy in the conflict stage
on such endogenously acquired public information. Formally, Firm can choose any
ordered set S and joint distribution v over [0, 1]x.S. Players observe the realization s €

S and Bayesian updates their beliefs. Let F, denote the distribution that represents



the posterior belief following the realization s € S.

Conflict Stage. Players simultaneously decide whether or not to go to court and
enforce a new regulation based on the public signal they have received in the signal
stage.? In this stage, they choose either to go to court (C) or not (N). If both players
choose not to go to court and stay silent, they receive the initial status quo payoffs.
If either of the players chooses to go to court, the true state is realized and players’
realized payoffs are (w,1 - w). Intuitively, Regulator goes to court if the outlook
of going to court post-signal is advantageous enough for himself; Firm may also do
so if she is fairly confident about the outcome and believes that she will be able to
challenge the status quo. Further, a player choosing to go to court pays a net cost ¢,
which measures the general effort needed for the true state to be realized. The cost
implies that players won’t be willing to overturn the initial status quo division unless
the additional benefit they expect to gain by going to court exceeds its cost. The

sequence of the game is as follows:

1. Nature draws a true state w € [0, 1] from distribution F'.

2. Players observe the cost of going to court ¢ and the initial division of dollar

(z,1-x).

3. Firm chooses a publicly observable experiment defined by set .S and distribution

V.

4. Players observe the realized signal s € S.

Note that the results of the model are identical even if we assume that the players
move in sequential order. This is because players never go to court at the same time
in equilibrium. In such a setup, one of the players moves first and decides whether
to go to court or stay silent; the other player then also chooses between the same

actions. I assume throughout for simplicity that players act simultaneously.



5. Players play a simultaneous game.

Regulator

(z,1-1) (w,1-w-2c)

Firm
oz

(w-c,1-w) |(w-¢1-w-¢)

Table 1.1: Payoff Structure

Below I offer a few comments on this model’s assumptions. First, in the model,
the incentives of Firm are misaligned with those of Regulator. In particular, I assume
that Firm does not suffer the full social damage even when the product is revealed to
be socially harmful and does not necessarily recoup the full social benefits [101]. Firm
thus simply wants to push the regulatory boundaries and promote her new product
under fewer regulations (w = 1). Regulator, on the other hand, believes that there
are potential risks that have not been fully explored and wants to impose stricter
standards (w = 0). Alternatively, he is cautious about setting a strong precedent that
may limit his future ability to regulate Firm, or he prioritizes guarding his reputation
for protecting consumer safety [e.g. 52].

Note that Regulator need not have direct preferences against the product, i.e., we
should not think of w = 0 as the state where the product is harmful. Instead, he has
preferences for some level of regulation on the product with uncertain risks. In this
sense, we may also assume Regulator who simply prefers to impose fewer regulations
when the product has high quality and strict regulations otherwise. The model could
then be interpreted as a subgame of this game where the quality of the product is
“low,” and Firm and Regulator are in conflict over the level of regulation. Firm still
wants the product to be subject to lenient regulations while Regulator prioritizes
safety over profitability and prefers it to be regulated. In Section A.5.2, I directly

explore this with a different payoff matrix that reflects Regulator’s preference for
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accurately matching the regulation with underlying state w.3

Second, both players are symmetrically uninformed about the true social impact
of the product. This value is initially unknown to both players and remains so unless
either of the players pays some cost and goes to court, reflecting the notion that
firms may be uncertain as to the quality and safety of their products [47]. This may
especially be the case given that players in my model act anticipating the future
realization of truth via legal proceedings, which are influenced by various external
factors such as changes in the political climate or public perception. Such inherent
unpredictability makes it challenging for both Firm and Regulator to forecast the
results of a potential dispute. I relax this in Section 1.6.2 and discuss how the results
change when we assume privately informed Firm.

Third, I interpret the cost of going to court ¢ as the “enforcement cost” required
to contest the existing regulation and establish a new standard. For simplicity c is
assumed to be common for all players; however, note that this enforcement cost may
have to be interpreted differently for Firm and Regulator, especially since Firm is
likely to have the technology to fully reveal the state and communicate it to others
with no costs. We could then alternatively think of heterogeneous costs for Firm
and Regulator where cgr = cp + 7y, and v is regulator’s cost to learning the state and
¢ is administrative costs, i.e., Firm has no costs of learning. I characterize this in
Appendix A.6 and find that the results are qualitatively similar.

Lastly, the current setup of the model allows going to court as the only action

available to the players after the experiment and the detailed process of the legal

I consider a binary example where w € {0,1} and find that Firm optimally provides
no information more often than in the benchmark model. This is coming from the
fact that Firm may now want Regulator to go to court so that she can free-ride on
the cost while changing the status quo to her favor. Otherwise the key qualitative

outcomes remain unchanged.
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action is modeled in a “black-box” fashion. While this modeling choice was made
for simplicity, the model can easily account for other processes of post-experiment
bargaining or product review without changing the core results of the model. In
particular, Firm’s optimal choice of experiment will be identical so long as the conflict
stage exists; this is because Firm’s incentive to learn more/less depends primarily on
the fact that both Firm and Regulator can unilaterally pay some cost to reveal the

underlying state and enforce a new regulation.

1.3 Equilibrium Analysis

This section provides a full characterization of the model. I first solve the last stage of
the game where both Firm and Regulator, with some belief about w, decide whether
or not to pay some cost to go to court and enforce the underlying state. Then, I

analyze Firm’s optimal learning problem by varying the ex-ante level of product risk.

1.3.1 Decision in the Conflict Stage

Note that in the conflict stage, players are still uncertain about the true value of w.
Their decision in this stage depends on their belief about w given realization s from
the experiment, which means that we can rewrite the game in this stage as in Figure

1.1a.

Solving for the Nash equilibrium for the conflict stage,
e Firm remains silent and Regulator goes to court if E[w|s] <z —¢,
e Firm goes to court and Regulator remains silent if E[w|s] >z + ¢,

e Both remain silent if z - ¢ < E[w|s] <z +c.
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(a) Payoff Structure (b) Firm’s Indirect Utility

Figure 1.1: This figure illustrates the payoff structure (left panel) and Firm’s indirect
utility (right panel) in the conflict stage.

The corresponding indirect utility of Firm is

E[w]|s] if E[w|s] <x-¢
U(s)=1 = if E[w|s] € [z—c¢,x+ ]
Elw|s] - ¢ if E[w|s] >z +c.

A visual representation of Firm’s indirect utility is in Figure 1.1b. Note that this
utility depends only on posterior mean E[w|s], not on other aspects of posterior Fj.
This implies that the analysis can focus on the distribution over posterior means
instead of the distribution of posterior distributions. Without loss of generality, let
s denote the mean of posterior distribution following realization s. Given prior F,
there exists an experiment that produces a distribution G of posterior means if and
only if F'is a mean-preserving spread of G' [29, 89, 119]. I can thus rewrite Firm’s
optimal learning problem as

max [U(s)dG(s), (1.1)

GeMPC(F)

where MPC(F') denotes the set of all mean-preserving contractions of F.
Below I restrict our attention to the case where Firm’s status quo payoff is moder-

ate x € (¢, 1 —c¢) and solve for Firm’s optimal experiment. Cases where this condition
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fails to hold is trivial. For sufficiently small x, Regulator never goes to court and
thus Firm perfectly learns w and goes to court whenever w is good enough. When
both = and the prior mean of w are sufficiently large, Firm conversely learns noth-
ing and both players stay silent in equilibrium. A complete characterization of the

equilibrium is in Appendix A.2.

1.3.2 Low-risk Case

I first consider Firm’s ideal scenario. Intuitively, Firm would want to go to court
when the underlying state is favorable and otherwise induce mutual silence.* To
achieve this, Firm prefers to learn perfectly when the underlying state is good and
not learn anything else—commission a study that reveals only whether w is very
high—as information generated about the bad states may encourage Regulator to go
to court. Importantly, however, the absence of information would then imply that w
is not very high. For Firm to achieve her best outcome, she needs Regulator to still
believe that w is high enough even after knowing that w is not very high in order to
induce his silence; otherwise, Regulator updates his belief that w is low and goes to
court.

This can be achieved in the low-risk case where E[w | w < z + ¢] >  — ¢. Here the

Note that the absolute first-best scenario for Firm would be to “trick” Regulator into
believing that w is low when in fact it is not, thereby persuading him to go to court.
Firm essentially passes on the cost to Regulator while still revealing the underlying
state. This, however, is never an optimal strategy for Firm within the framework of
this model. For Firm to achieve this outcome, she would need to sufficiently pool the
good states with the bad states to convince Regulator that w is low. However, this
is too costly for the bad states, as Regulator in equilibrium goes to court after the
signal; Firm never prefers this from an ex-ante perspective. In Section 1.6.2, I discuss

how this can be optimal for privately informed Firm.
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prior belief of both players about w is sufficiently high; even when w is expected to
not be very high (w < z + ¢), they believe that it is more likely to be moderate than
high. Firm in this case designs an experiment that perfectly separates all the good
states (w > x + ¢) and pools the rest, which induces her ideal outcome. When the
resulting signal from the experiment is a perfectly revealed w > x+¢, Firm successfully
goes to court in equilibrium and achieves a payoff higher than her initial status quo
payoff. When players receive no information, both players know that w < x + ¢, but
the conditional posterior belief is still high enough that Regulator refrains from going
to court and both players remain silent in equilibrium.

How do we verify that this is indeed the Firm-optimal experiment? Since w is
continuous, standard concavification method [112] may have limitations when solving
(1.1). I apply a novel technique recently developed by [67] to verify whether a candi-
date solution G is optimal. By this approach, I consider the smallest convex function
¢ that uniformly stays above U and identify the set of values such that ¢(s) = U(s).
Then, I see whether there is a distribution G such that supp(G) € {s: ¢(s) = U(s)}
and [ ¢(s)dF(s) = [ ¢(s)dG(s). This allows for a simple graphical analysis to char-

acterize Firm’s optimal learning choice.

Figure 1.2 illustrates Firm’s indirect utility function U(s) (black solid line) and
the smallest feasible convex function ¢(s) (red translucent line) above U(s). For the
low-risk case, the smallest convex function is a piece-wise linear function that bends
at x + ¢. The ideal experiment described above is feasible and, therefore, optimal
because its support {E[w|w < 2 +¢]} U [z +¢,1] is a subset of [x-¢,1]—the region on

which ¢ =U .5

In equilibrium, Firm goes to court when the underlying state is perfectly revealed via
the experiment. In other words, we expect to observe Firm’s action only when there is
a “smoking gun.” However, notice that there is a multiplicity of equilibria, where one

of them involves only learning whether w is below or above some threshold. Therefore,
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Figure 1.2: This figure plots Firm’s indirect utility function U(s) (black solid) and
the smallest feasible convex function ¢(s) (red translucent) above U(s), given ¢ <
x < 1-c. This can be used to apply the results by [67] for the low-risk case where
Elw|w<z+c]>z-c.

Proposition 1 If E[w |w < x +c¢] > x - ¢, then it is optimal for Firm to fully learn

w > x +c and no other information.

Proposition 1 summarizes the low-risk equilibrium. Firm here does not have to forego
any loss of information while being able to perfectly deter Regulator from going to

court and potentially revealing states that are detrimental to her.

1.3.3 Medium-risk Case

Now suppose that the previous case fails, and the product’s risk is neither sufficiently
low or sufficiently high; precisely, E[w|w < z+¢] < x—¢ < E[w]. The product is expected
to mandate only modest regulatory involvement, but the risk of court action is higher

because conditional on the underlying state not being very high (w < x+c¢), it is likely

once we incorporate the costs of informative experiments where a more informative
experiment is more costly, e.g., [136] and [163], with sufficiently high cost we would
expect Firm to commission such a study instead of the one provided in the main

analysis.
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to be extremely low. This is likely to be common in industries with polarized risk
outcomes, where Firm’s experiment may reveal that minimal regulation is sufficient
due to significant societal benefits, or it might show the need for extremely stringent

regulation because of the high risk of fatal accidents.

({(8)
¢(s)

0 5
0 r-c s* 1

Figure 1.3: This figure represents the medium-risk case where E[w |w < z+c¢] <x-c<

E[w].

In such case, Firm-optimal still involves learning the best states, but now Firm
is discouraged from learning all the good states under which it wants to go to court
because with such design, Regulator goes to court whenever he learns that w is not
very high. To overcome this problem, Firm optimally pools some of the good states
with the bad ones and only learns states larger than some cutoff s* > x+c. This enables
Firm to induce a conditional posterior mean E[w|w < s*] exactly at « —¢, which is the
minimum value that induces Regulator’s silence. By only partially revealing high w,
Regulator believes that conditional on w < s*—i.e., knowing that w is not very high—
there is still possibility that w € [x+ ¢, s*], and this shifts the posterior up to = -c and
deters him from going to court. This is illustrated in Figure 1.3. The smallest convex
function is a piece-wise linear function that connects (z —¢) and (s*,s*). Cutoff s*

satisfies E[w|w < s*] = # — ¢. The optimal experiment G under moderate risk then
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has a support {E[w|w < s*]} u(s*, 1], where it coincides with prior distribution F' for
w > s*, and the remaining probability mass is concentrated at w = E[w|w < s*] as an

atom.

Proposition 2 If E[w|w < 2 +¢] <2 - ¢ <E[w], then it is optimal for Firm to fully
learn w > s* and no other information, where s* is the value such that Elw|w < s] =

xTr —C.

Proposition 2 states the condition for the above equilibrium where Firm only partially
learns the good states. Firm goes to court if w > s* and both players stay silent
otherwise. Compared with Figure 1.2, (x+c¢, s*] represents the interval of information
that the Firm has to “give up” in order to deter Regulator from going to court. Firm
seeks to deter Regulator while minimizing the amount of information she forgoes by
choosing s* that satisfies E[w|w < s*] = z—¢, which is the smallest value that convinces

Regulator that going to court is not worth the risk.

1.3.4 High-risk Case

The last case involves both players believing that the product is likely to be harmful
and require a high degree of regulatory control (E[w] < x —¢). A sufficiently small
E[w] implies that the above strategy of pooling some good states with the bad states
now cannot be optimal, as Regulator goes to court even if Firm gives up all the good
states (s* = 1). Now, in order to minimize Regulator’s probability of going to court,
Firm instead has to design an experiment that reveals whether the product is very
harmful. By partially separating out the bad states, Firm maintains the conditional
posterior of the less-bad states just high enough that deters Regulator from going to

court.

This can be verified with the visual tool in Figure 1.4. If E[w] < z — ¢, by Bayes

plausibility, the smallest convex function must pass through point (x—-¢,z), i.e., some
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Figure 1.4: This figure represents the high-risk case where E[w] < x - c.

states below = — ¢ must be pooled with those above. Then, ¢(s) is a piece-wise linear
function that connects (s, s.) and (z - ¢, z) where F[w|w > s,] = x — ¢. The support
of Firm’s optimal choice of G is {E[w|w > s.]} U [0, s.), where it coincides with the
prior distribution F for w < s,, with the remaining probability mass concentrated at
the point w = E[w|w > s.] as an atom. This can be interpreted as a signal that fully
reveals w below s, but provides no other information. Since E[w|w > s] increases in
s, it follows that s, that satisfies F[w|w > s.] = x — ¢ is the smallest s that induces a
posterior mean large enough to persuade Regulator. Firm’s optimal choice then is to
minimize this probability by revealing small enough w below s, and induce mutual

silence otherwise.

Proposition 3 If E[w] < x - ¢, then it is optimal for Firm to fully learn w < s, and

no other information, where s, is the value such that E[lw|w > s] =x - c.

Proposition 3 states the condition under which Firm fully learns small w < s, and
lets Regulator go to court. Notably, if prior mean E[w] is sufficiently small, Firm
voluntarily learns when the product is extremely harmful in order to successfully per-
suade Regulator not to go to court when the experiment returns a less-bad outcome.

This suggests that empirically, we would expect to see firms disclosing damaging in-
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formation, e.g., by commissioning a study or hiring an independent board of experts,

specifically when the product faces a significant controversy.

1.4 Comparative Statics

In this section, I detail the implications of prior distribution F', Firm’s status quo

payoff x, and cost ¢ on Firm’s optimal choice of signal and her equilibrium utility.

Proposition 4 Both s, and s* decrease as F increases in the sense of first-order
stochastic dominance. Fquivalently, the equilibrium informativeness of the experiment

18 mon-monotonic with respect to her prior belief about the product.

Proposition 4 establishes that the cutoffs used in the medium- and high-risk equilib-
rium both decrease as F' increases in the sense of first-order stochastic dominance.
Under medium-risk, Firm in equilibrium learns all states above s* and no other infor-
mation. A decrease in s* then means that Firm’s choice of experiment reveals more
information in equilibrium. The idea is that as Firm’s prior belief about w increases,
it takes a lower s* to persuade Regulator not to go to court; Firm is thus able to
learn more about the good states and exploit information while at the same time
keeping Regulator silent. In the high-risk equilibrium, Firm uses cutoff s, and learns
states below it. A decrease in s, implies that Firm learns less information. This is
coming from a similar mechanism where it takes a lower s, to induce Regulator’s
silence, and so Firm can disclose less negative information about its product and still
achieve deterrence. Note however that the prior belief about w is still low that it
is suboptimal for her to learn any good states. Firm therefore selects a strictly less

informative experiment in this region.

Proposition 5 Firm’s equilibrium payoff is non-monotonic with respect to her status

quo payoff x. In particular, Firm prefers lower x if Elw] <z - c.
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Next, I examine Firm’s utility with respect to two main parameters in the model, x
and c. A notable finding from Proposition 5 is that Firm’s equilibrium utility may
decrease in her status quo payoff x. We observe this in the high-risk equilibrium,
where the direct effect of an increase in = is outweighed by the indirect effect of an
increase in Regulator’s probability of going to court. Importantly, this implies that
Firm in this region would prefer to concede some of her status quo payoff to Regulator.
I discuss the implication of this result further in Section 1.6.1 by allowing players to
bargain over their status quo division prior to playing the game and show that Pareto
optimal divisions exist.

Similarly, the effect of cost ¢ on Firm’s utility is also not straightforward. Specif-
ically, her utility decreases in ¢ under low-risk and increases in ¢ under high-risk; its
effect under medium-risk is countervailing and will depend on the shape of prior F.
Note that the non-monotonicity is mainly driven by the fact that ¢ is a shared param-
eter for both players in the model. While an increase in ¢ helps lower the probability
of Regulator going to court, it simultaneously increases the cost of Firm challenging
the status quo as well - the effect of ¢ is therefore convoluted. In Appendix A.6 I con-
sider heterogeneous costs for players, and as expected, Firm’s utility monotonically

increases with the cost borne solely by Regulator.

1.5 Preference for Silence

So far, I have characterized information structures that maximize Firm’s utility. Firm
in equilibrium optimally manipulates the observability of the experiment in a way that
induces Regulator’s silence. By selectively revealing information about the product,
the resulting posterior beliefs in medium- and high-risk equilibria are just high enough
that dissuades Regulator from going to court. In other words, Regulator in these cases

remains silent in equilibrium when he could have received a higher payoff by going to
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court.

In this section, I further elaborate on this point and examine how bad Firm’s
control over information is for Regulator. If Regulator is potentially deterred from
receiving a higher payoff with Firm’s provision of information, would it be better
for Regulator to shut down Firm’s information generation in the first place? This
would be equivalent to the case where no additional information is generated about
the product, i.e., both players make their decision based on their prior belief about w.
While this is sometimes the case, I show that Regulator sometimes prefers to let Firm
design the experiment. Notably, Regulator benefits from Firm’s choice of information
not because more information informs Regulator about when he can navigate the
regulatory landscape in his favor; rather, he benefits because information leads to

more silence.

Proposition 6 Consider a low-risk case. Requlator prefers Firm’s choice of infor-

mation over no information if E{w] >z + ¢ and E[w|lw <z +¢] > .

Proposition 6 tells us that Regulator in the low-risk case has mixed preferences toward
Firm’s choice of experiment. In particular, he benefits from the information that
Firm designs if E[w|w < x + ¢] > 2. First consider types w € [0,z). These types are
always better off with no information; with no information, Regulator goes to court
and successfully challenges the status quo, while with Firm’s endogenous information
Regulator is deterred from going to court and receives his status quo payoff which is
always smaller than w.

Types w € [z, + ¢), however, are worse off with no information. To see why, note
that we are considering a low-risk case; Firm thus goes to court in this region in the
absence of any experiment, and Regulator’s payoff is then always worse than his status
quo payoff (w < 1-x). However, with Firm’s endogenous choice of information, Firm

only learns whether w > x + ¢ and stays silent otherwise. This means that Regulator
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gets to keep his status quo payoff 1-z, and he strictly prefers this over the equilibrium
outcome given no information. Lastly, types w € [z + ¢, 1] are indifferent between the
two options. From an ex-ante perspective, the costs of types w € [z,2 + ¢) always
outweigh the benefits of w € [0,z), and Regulator thus prefers to let Firm choose
information in this region. Note that by definition Firm is always weakly better off
choosing its own optimal experiment, and thus it is sometimes mutually beneficial to
let Firm choose her preferred level of information.

This result in particular speaks to the existing literature that has emphasized how
firms tend to control how and what information is revealed to regulatory agencies.
This can easily produce information asymmetries that limit the regulator’s ability to
implement socially efficient regulatory policies (much like the seminal oversight points
raised by [11]). Furthermore, these asymmetries can generate equilibrium behaviors
that have the appearance of agency capture, such as regulatory systematically favoring
regulated firms [153, 178, 44, 23], or more specifically information capture, where the
industry tries to manipulate the information on the basis of which the decision is
made [193, 2].

This model finds that Regulator may optimally let this happen. He prefers Firm’s
choice of information despite the fact that it allows Firm to perfectly exploit infor-
mation and go to court whenever she can successfully overturn the status quo, while
at the same time deterring Regulator from doing so. As detailed above, this is largely
driven by Regulator’s incentive to avoid failed legal action and maintain the status

quo.

1.6 Some Extensions

This section discusses three extensions to the model that incorporate additional as-

pects of the regulatory environment. The analysis so far has imposed no particular
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assumption on prior distribution F. For the extensions, I consider a simple exam-
ple to illustrate the model in a more tractable setting. Specifically, I examine the
case where the state of the world w is a binary value of either 0 or 1, where w =1
with probability 7 € (0,1). Bernoulli distribution is a limit case of f in which the
distribution variance reaches the supremum of the set of feasible values of variance
given the bounds of support and mean; random variable w only takes extreme values
0 and 1 with atoms of size 1 — 7 and 7, respectively. Substantively, this may capture
the binary nature of a formal action where only one player “wins” the fight. The
qualitative results of the model are similar with the baseline results in Section 1.3;
the main difference is that Firm-optimal now involves partially learning either w = 0

or 1.5 A complete analysis of the baseline model with this setup is in Appendix A.5.

1.6.1 Pre-game Settlement

First, I consider an extension of the model where Firm may offer to transfer resources
to Regulator after observing cost ¢ and status quo division (x,1 - ) (initial stage)
but prior to Firm’s experimentation (signal stage). Specifically, Firm decides whether
to keep the current status quo division (x,1 —z) or propose a new division of dollar
(z',1-2").” If Firm keeps the current division, players move on to play the benchmark
game. If Firm proposes a new division, Regulator decides whether or not to accept
the proposal. If Regulator accepts, players move on to play the game with the new

division; if he rejects, they play the game with the initial division.

Low-risk case does not exist in a binary setting. This is because if Firm perfectly
learns all of its good state w =1, in a binary setting it also perfectly reveals w = 0.

Equivalently, Firm may offer Regulator payment k € [z — 1,2], which would result
in a new status quo division (z - k,1 -2 + k). When k = 0, Firm does not make an
offer; when k > 0, she concedes some of her pie to Regulator; when k£ < 0, Regulator

concedes some of his pie to Firm.
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The settlement may be in the form of a side payment that shapes players’ utilities
from the status quo, or they could take a more legal form such as a certain solution
(e.g., consent decrees involving additional warnings) proposed by Firm that Regulator
may decide whether or not to agree on [138]. Note that I also allow Firm to demand
compromise from Regulator (2’ > ), which can be interpreted as Firm demanding
a more lenient regulation from Regulator. I look for Firm’s optimal offer (z',1 - z’)
given status quo division (x,1 - z), cost ¢, and probability 7. As baked into the
structure, if the new division is chosen in equilibrium, it will always Pareto dominate
the status quo division. Otherwise, Firm will rather keep the current status quo

division or Regulator will reject the offer.

Regulator buys
Firm’s silence

No offer

Firm buys
Regulator’s silence

0 1

Figure 1.5: This figure illustrates the conditions under which a player is willing to
compromise x to induce more silence from the other player. In the light-shaded region,
Regulator buys Firm’s silence; in the dark-shaded region, Firm buys Regulator’s
silence. I fix c at 0.15.

Figure 1.5 visualizes the conditions under which a player is willing to compromise
his or her status quo division prior to playing the game. More formally, each shaded
region represents values of  and 7 where Pareto improving division (z’/,1-x') exists.
Most notable in this figure is that both Firm and Regulator sometimes prefer to

compromise some of the initial share. Firm proposes to either take more (2’ > x) or
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less (2’ < x) share of the pie and Regulator accepts the offer. With a new division,
both players become sufficiently satisfied that they are less incentivized to go to
court, essentially “buying each other’s silence.” For Regulator, a settlement provides
a reduced chance to end up in court and lose the case; for Firm, a settlement may
help limit negative publicity, also avoiding the possibility of the penalty that would
result if it loses [121].

The light-shaded region represents the case where Regulator buys Firm’s silence.
In equilibrium, Firm proposes to take more share of the pie (' > ) and Regulator
accepts the offer. Firm learns nothing afterwards, and both players simply decide to
avoid pushing the issue to the forefront. By “offering” some portion of his initial share
to Firm, Regulator gains an additional payoff by eliminating Firm’s incentives to go
to court. The dark-shaded region delineates the area where Firm conversely offers her
share of the pie to Regulator. In the region above the dotted line in Figure 1.5, Firm’s
compromise leads to mutual silence where no legal action occurs in equilibrium; in
other cases, Firm buys Regulator’s silence by conceding x but now goes to court after
signal 1 with the new division. Further note that when both players stay silent in
equilibrium with the initial division, Firm never proposes a new division, i.e. there
is no offer that Pareto dominates the original division. This means that bargaining
over the status quo division strictly increases silence. The pre-game bargaining, in

this sense, further allows players to keep the issue in the dark.

Proposition 7 Suppose players can bargain over their initial status quo division.

1. Firm always prefers to give up her pie and buy Regulator’s silence. The new
division results in collusion if the prior probability is high (w >1-2¢) and Firm

goes to court otherwise.

2. Regulator prefers to give up the pie in exchange for Firm’s silence only with

sufficiently high prior (m >1-2c).
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Proposition 7 delineates conditions under which each player prefers to buy the other
player’s silence. Note that whenever Regulator goes to court with the initial division
(dark-shaded region), Firm is willing to concede some of her status quo division to
minimize this probability. Firm proposes a new division such that makes Regula-
tor indifferent between accepting and rejecting the offer, and Regulator accepts in
equilibrium.

With sufficiently high 7, Regulator is willing to compromise his status quo division
and offer a larger z’ to discourage Firm from going to court (light-shaded region).
Firm also prefers larger x in this range—she prefers to take a larger division and
not go to court rather than to take the risk of a failed court action (w = 0) with
a smaller division—and accepts the offer. Again, we observe that any successful
bargain strictly results in increased silence, further emphasizing the point in Section

1.5 regarding players’ preference for silence.

1.6.2 Privately Informed Firm

Consider an alternative setting where Firm chooses an experiment after observing w.
This is now an informed information design problem in the sense of [118]. A central
issue in this class of problems lies in examining the designer’s interim incentives after
learning additional information. My analysis in the benchmark model looked for
Firm’s ex-ante optimal signal. I check whether a privately informed Firm has the
incentive to deviate from the proposed choice of signal and reveal her knowledge to
Regulator. Firm’s signal from the benchmark model is robust to private information
in the low-risk equilibrium; in the medium- and high-risk equilibria, Firm’s ex-ante
optimal strategy unravels.

First, in the low-risk equilibrium, recall that Firm learns all the good states (w >
x + ¢) and no other information. This means that Firm in equilibrium goes to court

whenever it is ex-post optimal for her; privately observing w thus does not change



27

any of her strategy. Specifically, if Firm learns w > z — ¢, her payoff from the ex-ante
optimal strategy is identical to the payoff she receives from disclosing her type. If
w < x — ¢, Firm does better by not disclosing her type. Disclosing her type leads to
Regulator taking action in equilibrium and leaves Firm with payoff w, but Firm can
do better by following the ex-ante optimal strategy and receiving x. Thus, Firm can
never do better by deviating and disclosing her type.

Next, consider the medium-risk equilibrium where Firm only partially learns the
good states (w > s*) and pools the rest and suppose that Firm privately learns state
w. If w < x—-c Firm again does better with the ex-ante optimal strategy than
disclosing her type, as she can induce Regulator’s silence despite the product being
socially harmful. If w € [z — ¢,z + ¢] or w > s*, her payoff is identical with and
without disclosure. However, if Firm learns that w € (x + ¢,s*], she can receive
payoff w — ¢ (that is larger than her payoff from the ex-ante optimal strategy, x) by
disclosing information. It follows that these types will separate themselves, resulting
in unraveling over the interval. Notice that this is the exact interval that Firm was
willing to “give up” ex-ante in order to deter Regulator from going to court.

With high risk, the ex-ante optimal signal for Firm is to learn w < s, and let
Regulator go to court for these cases; she induces mutual silence otherwise and yields a
payoff of x. By pooling states w > s,, Firm is essentially giving up her own opportunity
to go to court (w > x + ¢) so that she can deter Regulator from going to court given
w € [+, —¢). Similar to the logic above, if Firm learns that w € (x + ¢, 1], she can
receive payoff w—c larger than x by disclosing that information. Firm cannot credibly
commit to making this sacrifice if she learns that her type is w > x + ¢, and so the
unraveling logic also applies here.

This analysis clearly demonstrates Firm’s trade-off when deterring Regulator from
going to court. Whenever Firm ex-ante foregoes some opportunity to induce Regula-

tor’s silence, if she realizes that the state is favorable enough and that she can gain
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more by going to court, Firm’s strategy in the benchmark model unravels. On the
other hand, Firm’s interim incentive constraints are satisfied when Firm is ex-ante

already enjoying informational advantage at its full potential.

Interim optimal design. Then, what is the alternative strategy that is interim
optimal for Firm when the ex-ante optimal strategy unravels with Firm’s private
information? In Appendix A.5.1, I fully characterize the interim optimal design for
binary state w. With private information, we now see an incentive of Firm to persuade
Regulator to go to court. Suppose w =1 and Firm learns this privately. Firm wants
to go to court, but in an ideal scenario, Regulator would be the one who goes to court
because Firm can then overturn the status quo without incurring the cost of action
c. Accordingly, when the prior belief about w is sufficiently low—and Regulator goes
to court without additional information—it is interim optimal for Firm to provide no

information.

1.6.3 “Getting It Right”

So far I have focused on a particular regulatory context where Firm and Regulator
have misaligned preferences regarding the right level of regulation for the product.
Realistically, however, there can be intervals where Firm and Regulator are aligned in
their preferences, also preferring a more lenient regulation when he believes that the
benefit of the product clearly outweighs the potential risks. Here I consider a different
payoff matrix that reflects Regulator’s preferences to “get it right” and show how the
results of the benchmark model effectively captures all the key qualitative outcome,
even without the added complexity of the extended version. The new payoff matrix
is as follows:

Note that Regulator is now much more likely to go to court than in the benchmark

model, as he simply benefits from revealing the underlying state and matching the
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Table 1.2: New Payoff Structure
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Figure 1.6: These figures plot how Firm’s optimal choice of signal depends on status
quo z and prior mean E[w] given ¢ = 0.25. The left panel represents the benchmark
model, and the right panel represents the extended model.

Figure 1.6 represents a visual comparison of the results from the benchmark and
the extended model. Note that Figure 1.6a represents the results of the benchmark
model with a binary setup. In Figure 1.6b, the same set of strategies as the benchmark
model is optimal for Firm, but notice that any and no information is more frequently
an optimal signal strategy for Firm. When z is moderate, Firm is indifferent to any
choice of experiment because the underlying state w € {0, 1} is sufficiently distant from
the status quo that Regulator is willing to pay the cost and reveal w regardless of the
signal he received via Firm’s experiment; thus, persuasion becomes irrelevant. With

higher x and relatively lower E[w], Regulator goes to court without any information,
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and interestingly, Firm intentionally encourages Regulator do so by providing no
information - Firm takes some risk of w turning out to be 0 but in return is able to

reveal w = 1 without having to pay cost c.

1.7 Conclusion

To what degree would a firm seek to acquire information about an outcome when
it intends to leverage that information for future action but what it learns is also
available to a regulator with misaligned interest? I develop a model that examines
this informational problem in the context of regulatory uncertainty and show that the
firm-optimal can be achieved by designing a binary experiment. The experiment is
informative only about whether the firm or the regulator has an incentive to invest in
challenging the current level of regulation. Specifically, the firm may choose two very
different forms of experiment: when it believes that the product requires only minimal
regulation, the firm optimally commissions a study that only reveals whether the
product is sufficiently beneficial. The firm in equilibrium goes to court and challenges
the status quo whenever the experiment reveals good information. Even when the
experiment informs players that the product is not beneficial, the resulting belief is
still high enough that the regulator believes going to court is not worth the risk and
stays silent. Conversely, when it believes the product demands extensive regulatory
scrutiny, the firm designs an experiment that only reveals whether the product is
sufficiently harmful. The firm intentionally commits to a design of experiment that
reveals whenever a product necessitates extensive oversight. By doing so, the firm
persuades the regulator to stay silent when the experiment informs players otherwise.

One avenue for future research is to understand how this dynamic applies to
different institutional contexts that may potentially limit the firm’s ability to per-

suade. While the regulator may be dependent on the firm for information, he (or a
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policymaker) can choose whether to grant discretion to an agent [146] or institute
requirements for information provision that may constrain the firm’s ability to ma-
nipulate information [65]. Examining the firm’s strategic incentives in these contexts

could be useful.
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Chapter 2

Bargaining for Longevity

2.1 Introduction

Parties with varying preferences need to act collectively repeatedly within a given
term in office, for example, to pass legislation, maintain a government or foster ad-
ministrative cooperation. Repeated interaction among parties induces them to be
farsighted, taking into account not only the immediate gains at hand but also how
this affects their future payoffs [e.g., 16, 36, 25].

In this paper, I consider a two-party strategic interaction that involves one party
with unilateral control over resource allocation, while both parties retain the ability to
abandon the relationship in favor of outside opportunities. The continued participa-
tion of both parties then depends on the initial terms of the agreement, which creates
a trade-off between the terms and length of the relationship - the idea being that the
proposer must weigh the benefits of maximizing short-term advantage against the
need to secure the partner’s collaboration in the future [e.g., 109, 161, 19].

Such dynamics are not unique to any specific institutional setting. For example,
in the US, the Speaker of the House exercises significant control over committee as-

signments. When making the decision the Speaker has to consider what strikes an



33

optimal balance between maintaining the Speaker’s own hold on power and conceding
enough to satisfy the members of the other faction. This problem can also be found
in other instances of partnerships with unequal bargaining powers, including organi-
zational hiring or personal relationships. As a leading example, I consider two parties
bargaining to form a coalition government. Forming a coalition requires a compro-
mise between two or more separate political parties. The duration of such coalitions
depends crucially on the compromise that the coalition initially strikes, implying that
parties inherently face a similar trade-off between terms and length [e.g., 64, 108].

A distinctive feature of this process in my model is that I allow the attractiveness
of outside opportunities to vary over time. In the model, a proposer in my model
has complete discretion over how much share to offer her partner. In the next stage,
the proposed amount is pitted against a random draw in each period. Both players
then decide in each period whether to continue the partnership and receive the initial
allocation or whether to end the game by choosing the draw. I examine what the
optimal allocation of resources is for the proposer, who needs to take account of both
her immediate gains at hand as well as the effect of her choice on the probability that
her partner terminates the relationship for potentially better future opportunities.
How much will the proposer optimally value the future over the present?

Naturally, if the proposer exploits her proposal power too aggressively, it could
result in the partner leaving for an alternative partnership; this provides her with the
incentive to concede some of the share. However, because the outside opportunities of
parties are stochastically drawn, the timing of defection now becomes important for
both parties. For example, if the proposer plans to break away from the partnership
for a better outside option, she would want to do so when her outside option is the
highest. For her to defect at the optimal time, she has to make sure that her partner
doesn’t leave the partnership first. This creates an incentive for the proposer to

overcompensate to her partner just so that she can be the one to time the exit.
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This paper’s main contribution is to show that the benefit of being a proposer
may not be in the share she appropriates within the relationship but rather in her
ability to determine its longevity. Consistent with the findings of the existing studies,
the proposer in my model sometimes compromises more to bargain for longevity.
However, she may also compromise more only because she expects the coalition to
terminate early. In this case, the proposer strategically concedes to her partner
and buys his long-term support but leaves the partnership as soon as she draws
her favorable outside option.

Consider Israel in 2020. After the election in March, Netanyahu’s Likud and
Gantz’s Blue and White agreed to form a coalition government. Despite the large
disparity in Knesset members between the two blocs—the Likud bloc with 54 mem-
bers and Blue and White with 20 members—the coalition agreed to have an equal
number of cabinet ministers aligned with each bloc. Parties also agreed to a rotation
government where Gantz succeeds Netanyahu as the Prime Minister of Israel for at
least 18 months from November 2021.1

Such generous terms of the agreement largely stemmed from Netanyahu’s intention
to determine the timing of a new election. Netanyahu was facing three criminal
charges against him at the time of the election, and there was uncertainty about
how the legal proceedings would unfold. Netanyahu made sure that he could stay in
power for long enough, which would give him a platform to postpone his trial and
also bolster his status as the representative who embodies the injustice of the courts
and the legal system [177]. He was also aware that Blue and White did not have
many options at hand. Prior to the election, Gantz vowed to form a government
that would not include Netanyahu. By reversing his stance and forming a coalition

with Netanyahu, the party lost a sizable share of the alliance as well as voters. The

The terms of the agreement also provided that Gantz serves as defense minister when

the new government is sworn in with Netanyahu as the Prime Minister.



35

poll rate in December 2020 indicated that Gantz’s electoral prospects were bleak,
expecting to win just five seats in the next election compared to 28 seats expected for
Likud [183]. With such considerations of future electoral prospects, Netanyahu, while
keeping Blue and White in the coalition by offering generous concessions, strategically
“retained the option to topple the government whenever he sees fit [110, p.14].” In
December 2020, Netanyahu ultimately dissolved the government just nine months
into the coalition.

For the remainder of the introduction, I first discuss previous empirical and formal
works on related areas of study and identify the gap in the literature that I aim to
address with my model. I then move on to introduce a brief overview of the model

and its main findings which may rationalize Netanyahu’s move in 2020.

2.1.1 Outside Options in Coalition Bargaining

Past studies have considered coalition bargaining in the context of “outside options,”
or walk-away values. These values are what a negotiator secures by walking away
from the bargaining table [131, 171]. This concept has been used to encompass the
notion of seat shares while at the same time incorporating other aspects of bargaining
power, representing benefits from new elections that lead to a new regime and yield
utilities or the willingness of other parties to start coalition negotiations with a party.
It also means that the concept captures the dynamic aspects of future bargaining
power rather than a static view of the future that models bargaining power simply as
a function of legislative seat shares. This problem has become more important given

the trend of growing party system instability in the past several decades.? This,

Studies have consistently identified increasing and persistently high electoral volatil-
ity in many established and new democracies; established parties in older European
democracies are becoming less popular with the voters [160, 66, 56], and volatility

in post-communist countries have opened doors to non-traditional parties and candi-
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coupled with the growing importance of media on public opinion [e.g., 123], implies
that political events such as scandals or economic shocks are more likely to reshape
the political landscape now than ever.

While both formal and empirical works have considered the effect of such changes
in outside options on government termination and policy changes, these works mostly
posit that parties strategically react to shocks after they occur; they do not exam-
ine how parties bargain in expectation of such potential changes in outside options.
Some of the models most closely related to this work present a one-period [130] or
an infinitely repeated [13] bargaining model where a public opinion shock provides
parties with information about their future electoral prospects, and parties respond
accordingly. They find that such shocks may result in dissolution when parties expect
large benefits from an election and derive little value from the seats they currently
control. [61] further this intuition by showing that minimal-winning coalitions may
form if it is too expensive for the formateur to maintain surplus or minority coali-
tions over time. More recently, [20] highlight the effect of outside options with respect
to the dissolution power and find that prime ministers with the power should have
incentives to exploit public support for policy gains.

Other works take this perspective in empirical studies. [135] investigates the
impact of public opinion shocks on government termination and observes that an
expected increase in seats for coalition members leads to a noticeable impact on
government termination only when the government gets closer to the end of its term
in office. [194] empirically investigate two different mechanisms that link popular
support and government stability; high popular support leads to a greater likelihood
of opportunistic elections, while low support leads to higher frequencies of a non-
electoral replacement. [114] and [115] develop a novel measure of party leverage—

coalition-inclusion probabilities—and find that shifts in these probabilities of green

dates [28, 180, 185, 186, 165].



37

parties strongly predict environmental policy change, while seat shares and political
polls do not.

These studies altogether highlight the notion that the ability of a government to
remain in power depends upon its vulnerability to unexpected shocks in the politi-
cal environment. However, they focus primarily on how parties respond after these
shocks occur and not on how they act in anticipation of them. I argue that par-
ties respond to exogenous events not only at the time of their occurrence but also
preemptively during the initial portfolio allocation process and propose a theoretical
framework that addresses this gap. A farsighted proposer in my model takes into
account such potential changes when making the initial offer to her partner, which
influences her expectations about the duration of the government and ultimately the
portfolio allocation.

The framework, in this regard, also complements existing works that focus on
the parties’ trade-off between the terms and length of the agreement. A number of
studies find that farsighted actors and their desire for stability can induce moderation
in their division of resources in the short run. These works recognize that entering
office does not result in an immediate one-time payoff; instead, it results in a stream
of benefits that continues as long as the government stays in power [92]. Parties
therefore may be willing to make concessions over the current benefit in exchange
for the long-run stability value. In [161]’s model, a policy that is chosen in a round
becomes the reversion point of the next round of bargaining and remains in effect
until it is replaced by a new alternative. This consideration leads to the recognition
that policies that fairly divide benefits between members of a winning coalition leave
individual players best off in the long run. [108] proposes a two-period model of
legislative bargaining and shows that the formateur will prefer to compromise and
form a coalition that will stay in place in the second period when he values the future

enough.
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A distinctive aspect of my model compared to these works is its incorporation of
how parties’ future incentives to defect vary dynamically over the life of a govern-
ment. By examining the effect of changing outside options on the portfolio allocation
process, we can understand how they affect the proposer’s strategic considerations
when deciding how much to value the future over the present. I show that incor-
porating this dynamic aspect of shocks lends additional support to several empirical
results discussed in the literature, including the lack of proposer advantage in portfolio

allocation and weak-party bias.

2.1.2 Overview of Results

The baseline model in this paper consists of two stages. In the first stage, the proposer
unilaterally decides on an allocation of resources between her and her partner. In the
next stage, the proposed amount will be pitted against a random draw in each period.
Both parties then decide in each period whether to continue the partnership and
receive the initial allocation or whether to end the game by choosing the draw. Each
party leaves the relationship when he or she is unwilling to trade the present benefits
of leaving against the expected value of remaining in the partnership. Following this
strategy, the proposer must make strategic calculations about the allocation that will
influence the future duration of the government. Note that this is a stylized version
of coalition bargaining. As will be detailed later in the article, the process of proto-
coalition formation or formateur selection is outside the model. The proposer and
the partner are assumed to have already been selected prior to the game, and they
simply bargain over the allocation of cabinet portfolios. However, this parsimonious
framework is useful in clearly delineating how parties may bargain in consideration
of future fluctuations in outside options and its implications on resource allocation
and government duration.

Some key findings of this article are as follows. First, I identify an additional
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equilibrium class—buyout equilibrium—under which the proposer’s advantage in
terms of the portfolio share she appropriates may not be obvious. Existing formal
models that emphasize future considerations find that proposer advantage may dis-
appear when the proposer often foregoes her short-term interests to secure long-term
cooperation [e.g., 147, 108]. While the above mechanism is also present in my model,
I further show that the proposer may optimally concede more of her share even when
she has no interest in a stable relationship. The proposer in this case has a high
outside option and is thus strongly motivated to leave after a favorable draw of her
outside option. However, she wants to make sure that her partner won’t leave first;
she therefore buys the long-term support of the partner just so that she can be the one
to time the dissolution of the coalition and ultimately a new election. This mechanism
is present even after considering the presence of renegotiation or audience costs (see
Section 2.5 and Appendix B.5, B.7 for more details). Formal models that fail to take
this equilibrium into account may lead to an overstatement of proposer advantage
in the portfolio allocation we observe; the result, in this sense, further helps explain
empirical results [34, 35, 125, 196, 197] and lab experiments [62, 73] that observe
no significant premia in portfolio allocation for proposer parties.®> More importantly,
this also implies that the lack of proposer advantage in terms of portfolio allocation
should not be thought of as evidence of a lack of proposer advantage in general; the
proposer may be conceding to the partner in return for the power to defect at an
opportune time.

A second implication of my model relates to the finding that a partner may be
worse off with a higher outside option. A partner with a moderately higher outside
option may, in equilibrium, receive a smaller offer and be worse off than one with

a lower option, which speaks to the existing literature that has consistently identi-

See [147, 55, 15, 18] for other formal models that suggest different mechanisms behind

the lack of first mover advantage.
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fied a tendency for large parties to be under-compensated and for small parties to
be overcompensated in the allocation of government portfolios [34, 35, 197, 108].4
Specifically, my model describes two mechanisms where such weak party bias would
occur. First is the effect of the partner’s outside option becoming too expensive to
buy [8, 12, 61, 181]. Under this mechanism, the proposer wants the partnership to
last and therefore is willing to buy her partner’s support. When the partner’s outside
option is sufficiently low, it can work as leverage for more compromise, inducing a
larger offer and thus a higher payoff for the partner. However, if it is too high, the
proposer may simply give up on persuading the partner, offer nothing in equilibrium,
and let the partnership terminate. A partner with a lower outside option may thus
be better off in equilibrium.

Additionally, we observe a qualitatively different weak party bias when the buy-
out equilibrium prevails. Now, the proposer overcompensates even when she has no
incentives for stability. She is willing to concede to her partner insofar as the part-
ner’s outside option is low enough, as this allows her to keep the partner satisfied
until the right time for dissolution arrives. Consistent with the above mechanism, the
partner may be worse off as his outside option increases because he has now become
too expensive to persuade (hence the weak party bias), but the strategic incentive
behind the proposer’s overcompensation is fundamentally different. This mechanism
captures the logic that the proposer is willing to overcompensate small parties to
retain their support throughout the government [92, 108] while further uncovering a

novel strategic consideration of the proposer regarding coalition termination.

Note that the literature on weak-party bias uses legislative seat shares as a measure of
“relatively weak” parties, while my model defines them as parties with lower outside
options. Empirical implications may thus not follow through directly, but the results
are consistent in that more inequality in bargaining strength can sometimes lead to

less ex-post inequality observed as bargaining terms.
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Third, the model uncovers non-monotonic relationships among outside options,
proposer compromise, and government duration that, if unaccounted for, will lead
to an underestimation of their effect on one another. Studies have suggested that a
larger compromise leads to a longer duration of the government [130, 107, 135, 98,
64]. My model shows that a reverse relationship can be possible: more compromise
may lead to a shorter duration of government when the proposer’s outside option is
sufficiently high relative to her partner’s. Such a non-straightforward relationship is
driven by the ambiguous effect of an increase in the proposer’s outside option on her
optimal compromise. The buyout equilibrium predicts that the proposer sometimes
compromises more as her outside option increases because she concedes in anticipation
of her own defection in the future. These points altogether suggest that government
duration needs to be considered in conjunction both with the degree of compromise
as well as parties’ outside options, and failing to consider the heterogeneous effects
of outside options will underestimate the effect size of the proposer’s compromise on

government duration.

2.2 The Baseline Model

There are two players in the model, Party 1 (she) and Party 2 (he). Below I describe

the two stages of the game: contracting stage and maintenance stage.

Contracting Stage. Party 1 chooses a division of dollar (1 -z, ) where z € [0,1].
The key issue of the bargaining process that parties face when forming a coalition
government is the allocation of government resources, e.g., cabinet portfolios. The
term x in my model represents Party 1’s offer on the allocation of these resources,

normalized to a value between 0 and 1; larger 2 means more compromise.? Note that

> We need not assume the dollar to represent the entire government resources or port-

folio allocation. Rather, it more closely depicts the resources or portfolios subject
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this is a type of “dictator game” in that Party 1 provides a one-time offer to Party
2, after which the game moves on to the next stage and Party 2 is unable to veto the

offer right away. 6

Maintenance Stage. In each period ¢ € {0,1,2,...} of the maintenance stage, both
parties receive an outside option w! independently drawn from a Bernoulli distribution
defined by w; >0 and p € (0,1). That is, Party ¢’s outside option in period ¢ is w! =0
with probability 1 —p and w! = w; with probability p.” After each party privately
observes w!, parties simultaneously choose a} € {0,1}. The game continues as long as
both parties choose to stay in each period (af =0 for all ¢ at time ¢). If either of the
two parties chooses to leave, the party who leaves receives his or her lottery payoff,

and the game ends. If a party stays while the other chooses to leave, he or she gets a

to distributive conflicts, such as the distribution of “bonus ministries above parties’
proportional shares,” which builds on the framework of [34], and [14, 20] more broadly.
My model can be generalized to cases where there is no designated formateur. Similar
to the approach of [103], one can also envision that at some time in the future, the
second party becomes the formateur, and so forth in alteration for future periods.
The one-shot asymmetric game equilibrium described here remains an outcome of this
more complex repeated interaction. Introducing a probabilistic formateur selection
rule will also not change the core results of the model.

In Appendix B.8, I also consider the case where w; is continuous and drawn from a
Normal(u, o) distribution. Markov perfect strategy that is stationary to a continuous
and unbounded state shock always has a positive probability of bargaining termina-
tion; there thus is no equilibrium where parties never leave in this setup (instead, the
probability that parties leave tends to 0). Otherwise, the core dynamics of the game

remain unchanged.
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0.8 The payoff structure is summarized in the table below. Each party’s total utility
is the discounted sum of his or her per-period payoffs, discounted by an exogenous

and commonly known discount factor § € (0, 1).

Party 2
ab =0 Y ab =1
— n _ L
L, 1= (1-z,z) (0,w5)
R
—
£ aj=1 (wf,0) (wi,wh)

Table 2.1: Payoff Structure in the Extension

A non-zero outside option w; and the probability of drawing it p can be interpreted
in largely two ways. First is to think of w; as the value of a potential partnership
with an outside party. Outside option w; in this sense will be the continuation value
that takes into account the future value of a new partnership. We can rewrite this
as w; = k(1 - 0), where k represents a new offer from an alternative party. Then,
the probability of drawing a favorable outside option p represents the volatility in the
political environment. What will the party’s coalition inclusion probability be in a
given period [114, 115]7 How likely will a new party emerge during the government
that might change the political landscape?

Relatedly, outside option w; may also represent the benefit a party gains from
defecting at an opportune time. For instance, a party at the time of the bargaining
might be faced with a scandal. The party’s high outside option would be its ex-
pected popularity after the party comes out ahead of the scandal. Alternatively, an
immigration crisis might be on the horizon; the outside option in this case represents
the party’s payoff from refusing to compromise with his partner who prefers a more
lenient policy toward the absorption of asylum seekers and maintaining a firm stance

on the issue. Probability p in this regard will be the prospect of the party’s scandal,

8 In Appendix B.4, I assume that a party can still draw w; even when the other party

has defected in the given period. All qualitative results remain consistent.
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or how likely a particular issue will be salient at a given time.

Finally, the discount factor ¢ can be interpreted in two different ways. First, it
could reflect the political impatience of parties to enjoy the fruits of agreement. This
impatience may result from electoral considerations or from the personal preferences
of parties. When parties are patient, the political discount factor is high, resulting
in a higher value of the future. This means that parties would value a longer length
of agreement. When parties are impatient, they value future less. Another way is
to interpret 0 as the probability of the game being continued by external factors. In
other words, even if parties choose to stay, the duration of the coalition may be sub-
jected to a fixed probability of exogenous breakdown, caused by natural catastrophes,
an institution of new laws or regulations, abrupt changes in the political structure,
introduction of new technology, and so on [200]. Specifically for this model, it could
represent an exogenous probability of random replacement of political appointees or

parties.

2.3 Interpreting the Assumptions

Prior to analyzing the model, I offer a few comments on this model’s assumptions.

No renegotiation. In the model, once Party 1 makes an initial offer of x in the
contracting stage, she cannot change her offer later on in the maintenance stage; more
specifically, she is unable to offer more after her partner draws a high outside option.
The main purpose of this assumption is to direct the focus of this paper to examine
the dynamic aspect of the model where Party 1 proposes an offer in anticipation of
Party 2’s behavior in the subsequent stage, which is conditional on both the size of
the outside option as well as the probability that it is drawn. In Appendix B.7, I
incorporate the possibility of renegotiation and find that the equilibrium outcomes

are qualitatively similar. Alternatively, however, it is possible to think of the outside
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option in my model as potentially being the benefit that each party receives from the

reshuffled cabinet.

Proto-coalition. I assume that Party 2 has already been invited to join the coali-
tion and parties are bargaining on terms. While this formulation is restrictive in
terms of the general question of how parties choose their negotiating partners [91],
note that my model also incorporates the possibility of a negotiation failure, as high-
lighted in the literature [68]. In the maintenance stage, Party 2 is able to leave in the
very first period, which effectively means that the offer is rejected and the duration

of the coalition is 0, i.e., coalition broke down immediately.

Ideological preferences. [ omit explicit considerations of ideological differences
between parties, although they are implicit in my model in two ways. First, Party 1’s
offer x can be understood as an ideological compromise normalized to a value between
0 and 1. If the parties have absolute loss preferences, then any policy in their Pareto
set in a unidimensional model is equivalent to a divide-the-dollar game. Later I also
include an extension in Appendix B.2, where I explore the case where Party 1 can
offer a negative z, extracting policy compromise from Party 2.°

Second, I look at an extension where the probabilities of parties drawing a positive
outside option are correlated. In this extension, I use parameter r to represent the
conditional probability; when r > p the two probabilities are positively correlated, and
when r < p they are negatively correlated. High r substantively means that an exoge-
nous shock is more likely to affect the parties jointly. This could be interpreted as the

parties sharing similar ideological stances and thus being subject to the same shocks

Results show that even when Party 1 extracts |x| from Party 2, the partnership can
still last for a positive amount. This is because Party 2 is willing to pay the cost to

wait for a potential draw of a high outside option, ws.



46

in the political environment. A complete analysis of this extension is in Appendix

B.3.

2.4 Equilibrium Analysis

I now proceed to characterize and describe the equilibrium behaviors of Party 1 and

Party 2. I analyze this game by backward induction.

Optimal strategy of parties given x. The solution concept I employ is stationary
Markov perfect equilibrium (MPE). I restrict attention to pure strategies for simplic-
ity. Since the stability of the agreement is maintained only if both parties prefer to
sustain it, the expectation of what outside options parties would draw and how they
would behave in response to the draws are crucial to understanding how Party 1 will
allocate the resources in the contracting stage. It is easy to see that leaving is weakly
dominated when outside option w! = 0; in other words, parties will never leave (a! = 0)
when w! = 0. Each party’s strategy therefore hinges on what to choose when he or
she draws a high outside option (w! = w;). There are four possible strategy profiles:
1) both never leave, 2) Party 1 will leave when w! = w; and Party 2 never leaves, 3)
Party 1 never leaves and Party 2 will leave when wl = wo, and 4) both will leave when

w! = w;.10 It follows that
e Both never leave when (1 -0)wy <z <1-(1-0)ws,

(1-6(1-p))ws

o Party 1 will leave when x > max{l - (1-9)ws,

e Party 2 will leave when x < min{l - %, (1- 5)w2},

0Tt is always a Nash equilibrium for both parties to simultaneously choose to leave
for all parameters and realizations of w!. However, as dynamic considerations do not

come into play in this equilibrium, I do not consider it in the analysis.
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(1-30-p)wr .  (1=8(1=p))uw
1-p :

e Both will leave when 1 — T

<T

These four cases together are exhaustive but not mutually exclusive. More specifically,
the first (both never leave) and the fourth (both will leave) cases may overlap - the
same offer x can lead to multiple equilibria. I assume that both never leave in such a
case. Generally, we observe that parties leave when their continuation value is greater

than the payoff from taking the outside option and stay otherwise.

Party 1’s optimal choice of z. Given exogenous parameters w;,p, and ¢, Party
1’s choice of x in the contracting stage determines parties’ choices of action and hence

the equilibrium outcomes in the maintenance stage.

%)

3

z*=0
2 will leave
z*=0
Both will leave

=gt
Both never leave 2t =t
1 will leave
(Buyout)
w1
0 3

Figure 2.1: Equilibrium Outcomes
0=0.6,p=04

Figure 2.1 illustrates how Party 1’s optimal choice of x and its corresponding
equilibrium outcome depend on w; and wy. The four equilibrium outcomes discussed

above are represented in different shades. I formally state the equilibrium conditions
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below.
Proposition 8 Let A=(1-p)/(1-6(1-p)) and B=1/(1-96). In equilibrium,

e Party 1 offers x7 = wy(1-0) and both parties never leave in equilibrium if

we<B-A and w;+wy<B.

e Party 1 offers x¥ = (1-6(1-p))ws/1—p and Party 1 will leave in equilibrium if

. 2
Wy < mm{%,fl} and wy +wsy > B.

e Party 1 offers 0 and Party 2 will leave in equilibrium if

w1 <A and wy>B-A.

o Party 1 offers 0 and both parties will leave in equilibrium if

. 2
wi>A and w2>m1n{%,14} and wy +wsy > B.

First consider low wy (the lower half of Figure 2.1), i.e., when Party 2’s “good”
outside option is still not high enough. Then, depending on the value of wy, there are
two equilibria: one where Party 1 concedes to stay and the other where she concedes

to leave.

Conceding to stay. When w; is sufficiently low, Party 1 in equilibrium offers 2t > 0
and both parties never leave the agreement. This is a standard notion of the term-
length trade-off where Party 1 concedes her immediate terms of the agreement for
a lengthy cooperation in the future. Party 1’s walk-away value is not high enough
that she prefers to stay in the agreement; she thus chooses a good enough offer that
induces Party 2 to stay, securing her stream of payoffs. Note that the exit threat of

Party 2 is not too high that Party 1 can pay to keep him in the partnership.
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Conceding to leave. However, as w; increases, we see an equilibrium where Party
1 offers 2t that induces Party 2 to always stay while she leaves immediately after draw-

ing wy. I denote this region as the buyout equilibrium and explain its implications

below.
x*
Both never leave 1 will leave
0.32
More compromise
shorter duration
0.12
w1
0 2.2 3

Figure 2.2: Optimal Compromise z* with respect to w;
0=0.6,p=0.4,w5=0.3

Figure 2.2 depicts the effect of an increase in Party 1’s outside option on her
optimal choice of z and its implications on the duration of partnership between the
two parties. Equivalently, it is a horizontal slice of Figure 2.1 at wy = 0.3. Note that
as wp increases, her optimal level of compromise also increases. This is somewhat
counter-intuitive since we would normally expect an increase in Party 1’s outside
option w; to lead to a decrease in the amount Party 1 concedes to Party 2, yet we
observe a larger level of compromise. The underlying mechanism behind the buyout
equilibrium (the region where w; > 2.2 in Figure 2.2) is quite straightforward. Now
that Party 1 has a higher outside option she wants to leave, but she wants to do it
with certainty. This means that she is willing to pay Party 2 more in order to keep
him in the relationship, just so that she can leave on her own terms. Just like in

the above equilibrium, Party 1 gives up her present per-period benefit and buy the
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long-term support of Party 2, but this is not because she wants government stability;
it is rather to capitalize on her outside option with certainty in the future.'!
Importantly, this implies that the relationship between the proposer’s compromise
and the duration of government may be negative. Below I show that Party 1’s optimal
offer in the buyout equilibrium (z#), if exists, is always larger than her offer in the

equilibrium where both parties never leave ().

Proposition 9 Let x* be Party 1’s optimal offer in equilibrium as a function of
exogenous outside option wy. Conditional on a sufficiently low outside option of Party
2, wa<(1=-p)/(1=6(1=p)), there always exists some @, such that

lim 2*(wp) < lim z*(w).

w1 —>(ZJI w1 —>Lle

Proposition 9 states that if wy is sufficiently low (or when p is moderate), there
always exists a discontinuous jump where Party 1 compromises more with higher wy,
i.e., ¥ > xt. Further, by definition, we know that the duration of cooperation must be
shorter when Party 1 unilaterally leaves (buyout equilibrium) than when both parties
never leave. This implies that in this region, more compromise leads to a shorter

duration of government.

Corollary 10 Party 1’s optimal offer x* in equilibrium is larger than half when
1. Party 1 concedes to stay and wy > 1/(2 - 20).

2. Party 1 concedes to leave and we > (1 -p)/(2(1-(1-p))).

A simple but important point is worth noting here. Comparing the model’s results
to a version where outside options are drawn with probability 1 (p = 1), I find two
crucial differences: (1) the buyout equilibrium does not exist and (2) parties never
defect unilaterally. A formal model that assumes the outside options to be static thus

fails to explain these empirical patterns.
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Corollary 25 further tells us that there exists a region where Party 1 concedes more
than half, and characterizes the conditions under which we don’t observe a proposer
advantage even when the model confers the strongest possible power to Party 1 in
the sense that she has complete discretion over the terms of bargaining. Note that we
observe this in both equilibria. When Party 1 concedes to stay, she offers more than
half to Party 2 when she has preferences for stability; when she concedes to leave,
however, Party 1 willingly gives up more than half to time her exit.

Now suppose that wy is high (the upper half of Figure 2.1); Party 2’s potential
outside option is attractive, and his probability of leaving the partnership is now

higher. We observe two additional equilibria.

Unable to buy longevity. When w; is low, i.e., Party 1’s outside opportunities
are bleak, Party 1 wants the partnership to last. However, with sufficiently high wo,

Party 1 is unable to buy the other party’s support.

x*
0.625
&
&
;{,
&
&
@O&
0 2 will leave
= W2
0 wo ~ 1.56 3

Figure 2.3: Optimal Compromise z* with respect to ws
0=0.6,p=0.4,w =0.5

In Figure 2.3, I display Party 1’s optimal choice z* as a function of Party 2’s outside

option wy given 6 = 0.6, p = 0.4, and w; = 0.5. Equivalently, it is a vertical slice of
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Figure 2.1 at w; = 0.5. We observe that optimal compromise z* is not monotonically
increasing in wo. When ws is sufficiently low, Party 1 is willing to make a compromise
(x* = zT) to sustain the partnership. This equilibrium holds until the outside option
reaches Wy = B — A. Afterward, however, Party 1 has to compromise too much to
incentivize Party 2 to stay in the partnership. Therefore, she chooses z* = 0 and lets
the agreement break down as soon as Party 2 draws a high outside option, which is

the discontinuous drop in Figure 2.3.

Unwilling to buy longevity. Suppose that w; is high. Party 1’s potential outside
opportunities are now favorable enough that she is also willing to leave the partner-
ship upon receiving a favorable draw. Similar to the equilibrium above, Party 1 offers
nothing to Party 2 (z* = 0), but both parties eventually leave after a good outside
option. Offering 0 means that the duration of the agreement is finite. In this equi-
librium, this is a conscious choice of Party 1 choosing terms over length - she prefers
to play a short-lived game with Party 2 and refuses to compromise, knowing that the

relationship will end soon.

EU; EUS
2.5 1.88
W
0.98

‘Worse off with
higher outside options

0.94

2 will leave 0
%)
0 w9 ~ 1.56 3 0 w9 ~ 1.56 2.5 3

(a) Party 1 (b) Party 2

W2

Figure 2.4: Equilibrium Expected Payofts
0=0.6,p=04,w; =1
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With the equilibrium conditions in hand, I move on to discuss each party’s equi-
librium payoff as a function of wy. In Figure 2.4a, Party 1’s utility decreases in wo
when w, is sufficiently low (ws < @9) because optimal compromise x* = zT increases in
wy; intuitively, it takes more to persuade Party 2 when he has higher outside option.
When his outside option is high (wy > @), Party 1 offers no compromise. Her utility
in this region with respect to wy is now constant, as it only depends on the expected
timing of Party 2’s defection.

In Figure 2.4b, we observe that Party 2’s utility increases with respect to wsy in
both equilibrium regions, but with a discontinuous drop. With low ws, an increase in
ws leads to a larger compromise from Party 1 since ws is still not too high that it is
optimal for Party 1 to compromise more and keep Party 2 in the agreement. However,
when ws goes above a threshold, an increase in w, now means that persuading Party
2 is too expensive. We thus observe a discontinuous drop between the two regions,
as Party 1 switches from offering z* = x' to offering z* = 0. Party 2’s payoff in the
second region increases only as a function of an increase in his outside option. It
follows that Party 2 is worse off with a moderately high outside option than with a

lower outside option, which can be seen from the red line segment in Figure 2.4b.

Proposition 11 Let EU,; be Party 2’s expected utility in equilibrium as a function
of exogenous outside option wo. Then, there always exists wo that satisfies

lim EUj(wq) > lim EUj (ws).

wa Wy wy 03
Proposition 26 shows that we always observe the aforementioned discontinuous drop.
This result identifies the perverse consequences of a high outside option, as a partner
with a lower outside option may be overcompensated and be better off because he

is “easier to persuade.” In this regard, more inequality in bargaining strength can

sometimes lead to less ex-post inequality observed as bargaining terms.
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2.5 Additional Extensions

In this section, I briefly introduce three extensions of the model that incorporate
some additional features of coalition bargaining with the aim of providing a more
nuanced analysis. I show that while there are minor shifts in equilibrium outcomes,
the qualitative results from the models analyzed above continue to hold in these

settings.

Renegotiation. The main models focus on how parties are forward-looking when
negotiating the initial coalition terms with their partners. However, parties may
be able to change their terms of agreement throughout their partnership. Coalition
agreements may turn out to be suboptimal later, giving parties incentives to revisit
the original deal via changes in portfolio design [179, 144] or policy compromises
20, 63, 114]. Allowing for shifts in the allocation of initial resources would, in this
regard, speak to the theoretical ideas of coalition renegotiation as a response to outside
options. To incorporate the possibility of renegotiation, I endow Party 1 with a chance
to make a second offer to Party 2 with some probability when he announces that he
will (unilaterally) leave. Now reshuffles may be strategically used by both parties.
Party 1 can use it to protect herself from Party 2’s unilateral defection; Party 2
utilizes it to extract more concessions from Party 1. I incorporate parameter o that
represents the exogenous probability that renegotiation may succeed. The baseline

model is identical to this model with o = 0. 12

2Note that renegotiation with a perfect success rate essentially only works as a “second
chance” for Party 1. Party 1, in most cases, can simply offer nothing to Party 2 until
he announces to leave, after which Party 1 can propose some degree of compromise to
Party 2 to persuade him to stay. We would thus expect all equilibrium outcomes in
the baseline model to be present but after renegotiation. I thus incorporate parameter

o that represents the exogenous probability that renegotiation may succeed.
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The equilibrium regions are qualitatively the same as in the baseline model, al-
though Party 1 offers x* = 0 more often with renegotiation now that she can change
her offer later down the road. Successful renegotiation occurs when Party 2’s outside
option is moderate (see Appendix B.7 for formal results). As expected, the rene-
gotiated offer is always larger than the initial offer. There are largely two different
patterns of successful renegotiation. First, we see Party 1’s desire to avoid coalition
termination when her outside option is low. Party 1 offers more to Party 2 during
renegotiation and persuades him to stay in the partnership. Alternatively—and sim-
ilar to the logic of the buyout equilibrium—Party 1 in equilibrium may offer more to
Party 2 during renegotiation and convince him to stay, but after renegotiation, Party
1 leaves in equilibrium. This is when Party 1 has a high outside option. The effect of
an increase in Party 2’s outside option on the amount of renegotiation offer can thus

be positive or negative depending on the size of Party 1’s outside option.

Audience costs. In the baseline model, parties do not face any negative reper-
cussions from defecting. Extensive works on coalition breakdown, however, find that
terminations can be electorally costly for the parties [143, 148, 162, 182], and voters
especially punish parties that choose to leave the government [195]. In this exten-
sion, I add a parameter ¢ € (0,w) that captures the audience cost that the defector
incurs from abandoning the partnership. The results show that the presence of audi-
ence costs leads to an increase in the equilibrium region where Party 1 offers Party
2 nothing and Party 2 unilaterally defects from the coalition. This is because the
presence of audience costs already deters Party 2 from defecting, and thus Party 1
is less incentivized to offer him a compromise. The dynamic is otherwise consistent
with the baseline model.

Will parties ever want high audience costs? In another extension, I compare

the baseline model to a scenario in which Party 1 faces a sufficiently high audience
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cost, discouraging her from leaving the partnership. I find that when outside options
of both parties lie in an intermediate range, Party 1 prefers to tie her hands and
“commit” to the partnership rather than to have the option to leave. Commitment
forces her to concede more to Party 2 in equilibrium, but she prefers this over being
able to leave, as this leads to a longer duration of partnership. Equilibrium analysis

is described in detail in Appendix B.6.

Correlated outside options. Additionally, I consider an extension where the par-
ties’ outside options are correlated. If we interpret the outside options as prospects
of a new election or coalition, it is natural to assume that various exogenous factors
could result in their utilities from leaving to be either positively or negatively corre-
lated. For instance, when a certain issue is more salient than others or when certain
groups of voters are more active in a given period, one party having received a high
draw could mean that the other party is also more or less likely to receive a high draw
of outside options.

Intuitively, a positive correlation between the parties seems like a good deal for
both parties. Both parties being likely to receive the higher outside option in the same
period could mean that when parties leave, they are more likely to leave together,
and when they stay, they are also more likely to do so together. Therefore, we might
expect unilateral leaving to occur less often and the duration of the partnership to
be longer. However, I find that this is only true under some conditions; for moderate
values of outside options, a higher level of positive correlation can lead to less stable
partnerships. In this region, a positive correlation could lead to government termina-
tion when a negative or no correlation between the outside options under the same
parameters would have resulted in the parties staying in the coalition. Formal results

and further discussion are in Appendix B.3.
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2.6 Discussion and Empirical Implications

Lastly, I review several key contributions of my model and discuss their empirical

implications.

Buyout equilibrium. One of the main contributions of the model is the finding
that an increase in proposer compromise should not be taken as evidence of a lack of
“proposer advantage.” The buyout equilibrium finds that the proposer may be willing
to concede precisely because she is highly incentivized to leave. She wants to call an
opportunistic election when her prospect is favorable, but in order to sustain the
coalition until the best timing for a new election, she keeps him in the relationship
by offering more share of the pie. In this sense, the benefit of being a formateur
does not come from the share she appropriates in the initial bargaining process but
rather from the ability to time her defection. This also implies that the partner under
this equilibrium will be “overcompensated” in terms of the share he is offered by the
proposer, but unlike previous works that find such weak-party bias to occur when
the proposer has preferences for a stable coalition [108], the partner is offered more
when the proposer ironically has no incentives for stability. Here, the proposer uses
the partner’s unwillingness to leave as a chance for her to leave at an opportune time.
This result builds on other formal works that uncover possible mechanisms for why
we observe a lack of formateur advantage [55, 15, 18] and weak party bias [147], and
further helps bridge the gap between the empirical evidence and standard models of

legislative bargaining.

Proposer advantage. From an inferential standpoint, if the above equilibrium dy-
namic exists in data but is not controlled for, then the observed portfolio allocation
will not be a reliable measure of the proposer advantage in question; the proposer with

a higher outside option may compromise more in equilibrium. Note that we observe
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the buyout equilibrium when the relative difference in outside options between the
parties is large in favor of the proposer party. This implies that empirical studies need
to consider the dyadic aspect of outside options when examining the relationship be-
tween the proposer’s outside option and her optimal level of compromise. Conditional
on the partner’s outside option being sufficiently high, an increase in the proposer’s
outside option leads to a decrease in her optimal level of compromise. However, when
the partner’s outside option is low, the association is positive; an increase in the
proposer’s outside option may increase the amount of compromise.!3

The advantages of the proposer may instead be found in the rate in which we
observe a strategic dissolution by the proposer party. Empirically, we expect to see
higher frequencies of defection by the proposer when her outside option is sufficiently
higher than that of the other party or when the probability of drawing a favorable
outside option is moderate (i.e., higher variance of the distribution). This is largely
related to the literature on opportunistic election [e.g., 96, 172, 194], and it resonates
with [116]’s model of election timing, which examines the government’s ability to
time elections (“surf”) and manipulate their economies (“manipulate”) for political
advantage and finds that, among others, the frequency of opportunistic elections is

positively associated with the variance of economic performance.

Outside option, compromise, and government duration. The theoretical
framework also tells us that the relationship between parties’ optimal compromise
and the overall government duration may not be straightforward. More compromise
may lead to a shorter duration of government. This happens under the buyout equi-

librium when the proposer bargains in expectation of future government termination.

Notably, such dynamic also implies an ambiguous relationship between the parties’

13 An increase in the partner’s outside option always leads to more compromise unless

his outside option is too high.
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Figure 2.5: Equilibrium Duration of Partnership
0=0.6,p=0.4,w5=0.9
outside options and the duration of government. As illustrated in Figure 2.5, my
model predicts that an increase in the partner’s outside option always leads to a
decrease in government duration (Figure 2.5b), while an increase in the proposer’s
outside option may have a non-monotonic effect (Figure 2.5a). This is consistent with
[135], which fails to find a significant relationship between the electoral prospects of
the prime minister and government termination and only finds an effect for other

coalition members.

2.7 Conclusion

The present value of any coalition is valued over time. While any coalition struck
today might be the best available option for all of the coalition members, ruling out
the possibility of this alignment of preferences changing is at odds with the non-trivial
rate of coalitions ultimately collapsing. I have presented a simple model of bargaining
with proposer advantage with the aim of considering the impact of dynamic outside
options on both the contracting and maintaining phase in coalition bargaining. This

paper provides a game-theoretic explanation of how cooperation might or might not
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last among actors who in the short term are inclined to take more for themselves.
In particular, I return to the example introduced at the beginning of the paper and
review the key contributions of the model.

The coalition between Netanyahu’s Likud and Gantz’s Blue and White in 2020
is an example of the buyout equilibrium in several aspects. Netanyahu’s true ad-
vantage over Gantz didn’t come from securing more resources from the coalition but
rather from the ability to offer more to Gantz and ultimately time the election. De-
spite the numerical asymmetry between the two parties, Netanyahu made significant
concessions to Gantz during the initial coalition bargaining, which kept Gantz in
the coalition. Instead, Netanyahu expected his future outside option to be high and
waited for the right time to end the partnership. He refused to pass the two-year
budget and retained the ability to dissolve the coalition, yet when his outside option
wasn’t high in August with the second wave of COVID-19, he agreed to continue
the coalition and postpone the election [110]; he ultimately called a new election
exploiting the same budget crisis in December 2020.

As in this case, the theory presented in this paper also indicates why more compro-
mise does not necessarily lead to a longer duration of government. A simple present-
future trade-off fails to explain Netanyahu’s strategic calculation in conceding more
to Gantz. He was willing to give up some of the present benefits not to enjoy coali-
tion stability but to disincentivize Blue and White from defecting first. We observe
this dynamic: while the Gantz camp constantly pushed through a coalition-compliant
budget that would keep the coalition going through 2021 and expressed its willingness
to maintain the coalition, Netanyahu unilaterally chose to dissolve the coalition [199].
This further highlights the model’s insight on when we might observe a weak party
bias. Gantz’s Blue and White was offered a sizable concession despite the fact that
Netanyahu was expecting his potential future prospects to be favorable and thus had

no interest in maintaining the coalition. This resonates with the model’s finding that
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a party with a low outside option may be overcompensated even when the proposer
has no preferences for stability.

Overall, the model yields several conclusions. First, the buyout equilibrium tells
us that the true proposer advantage may not be in taking more share of the portfolios
but rather in the proposer’s choice of coalition longevity. When the relative difference
in outside options between the parties is large in favor of the proposer, the proposer
may optimally make concessions at the bargaining table today in order to cash in on
stochastically occurring outside options in the future. This dynamic further provides
a novel account of why the proposer may optimally overcompensate a partner with
a sufficiently low outside option and why we would expect to observe weak party
bias even when the proposer has no preferences for stability. Such overcompensation
of portfolio allocation also means that higher outside options should not simply be
thought of as increasing a party’s bargaining leverage. Lastly, more compromise by
the proposer may lead to a shorter duration of government, as she sometimes offers
more in anticipation of her own defection in the future.

The concept behind this paper can be applied to other instances of transactional
partnerships with unequal bargaining powers. While I have analyzed one particular
setting where two parties engage in a one-time bargaining over government resources,
future research could take this insight in various other settings to examine how mul-
tiple agents may bargain in light of their outside options. Alternatively, we could
endogenize the selection of the proposer in the model and study agents’ preferences

over having one agent as the proposer to another.
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Chapter 3

Coordination in Bureaucratic

Policy-Making

The Interior Department is in charge of salmon while they’re in freshwater,
but the Commerce Department handles them when they’re in saltwater.

I hear it gets even more complicated once they're smoked.

— Former President Barack Obama, 2011 State of the Union address

The Federal government’s need for a uniform set of principles on the
question of the use of tests and other selection procedures has long been
recognized. The Equal Employment Opportunity Commission, the Civil
Service Commission, the Department of Labor, and the Department of
Justice jointly have adopted these uniform guidelines to meet that need,
and to apply the same principles to the Federal Government as are applied

to other employers.

— Uniform Guidelines On Employee Selection Procedures!

L August 25, 1978, 43 FR 38297. The Uniform Guidelines were precipitated, in part,

by the passage of Title VII of the Civil Rights Act of 1964 (Public Law 88-352,
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3.1 Coordination in Bureaucratic Policy-Making

In terms of how the state affects the daily lives of its citizens, most policy-making is
bureaucratic policy-making. Bureaucratic policy-making both reflects, and is often
justified by, expertise (e.g., [81]). One important potential downside of relying on
experts is that few, if any, people or agencies are “general experts.” Rather, both
individual expertise and most agencies’ statutory authorities are domain-specific.

Meanwhile, many modern policy questions do not fit neatly into exactly one
agency’s jurisdiction ([102]). Examples of such questions range from the relatively
mundane (e.g., regulations governing the operation of garbage trucks) to the quite se-
rious (e.g., Hurricane Katrina in 2005, the 2010 Deepwater Horizon disaster, the 2014
Flint, Michigan water crisis, and the 2023 Norfolk Southern derailment in East Pales-
tine, Ohio). The emergence of such issues on the national level has even prompted
both overhauls of existing agencies (e.g., the dismantling of the Mineral Management
Service (MMS) following the Deepwater Horizon disaster), creation of new ones (e.g.,
the Consumer Financial Protection Bureau (CFPB) after the financial crisis of 2007-
08), and combinations of the two (e.g., the Department of Homeland Security (DHS)
following the September 11th, 2001 terrorist attacks).

Indeed, even implementing any given statute frequently requires coordination be-
tween multiple agencies. For example, at least five agencies were involved in drafting
hiring guidelines to implement the Departments of Justice and Labor, the Equal Em-
ployment Opportunity Commission, the Civil Service Commission (which has been
succeeded in relevant part by the Office of Personnel Management), and the Office of
Revenue Sharing, Treasury Department

Such major realignments of the administrative state are relatively rare. But the

enacted July 2, 1964) and the amendments therein enacted in the Equal Employment
Opportunity Act of 1972 (Public Law 92-261, enacted March 24, 1972).
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general issue at play in them — the need for coordination between agencies — is om-
nipresent. This has been recognized for many years, of course. In the United States,
this is seen as early as the early New Deal (1933-1935). For example, prior to passage
of the Federal Register Act in 1935,2 the US Federal Government did not even have
a central repository for its agencies’ regulations. As the federal administrative state
grew in size and complexity (largely mirroring the dynamics of society and the econ-
omy as a whole), legal and policy scholars observed that agencies had little incentive
to coordinate their more quotidian policy choices, in spite of growing evidence that
coordination failures could eventually produce policy failures.

This fact arguably led to the creation of agencies explicitly charged with coordinat-
ing other agencies’ activities. Examples include the Environmental Protection Agency
(EPA), the Federal Emergency Management Agency (FEMA), and the Department
of Homeland Security (DHS). At the same time, some coordination problems are
arguably “baked into” the structure of the executive branch of the Federal Govern-
ment. For example, the National Transportation Safety Board (NTSB) and Federal
Aviation Administration (FAA) have split, but overlapping, authority for air travel
safety in the United States, the EPA and the Army Corps of Engineers have simi-
larly complicated overlapping authority with respect to water pollution, and the list
of agencies with overlapping authority in law enforcement is very long: legal schol-
ars have identified multiple clear statutory sources of administrative overlap (e.g.,
[133]) and some have argued that such overlap can, in theory, allow agencies to police
and/or lobby one another,? while others have argued that delegating shared authority
to multiple agencies might serve Congressional interests in the separation of powers

system embodied in the Constitution.* However, the broad consensus appears to be

2 49 Stat. 500, enacted July 26, 1935.
3 See, for example, [60] and [24].

4 See, for example, [145] and [127].
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that coordinating policy decisions is generally costly to agencies, detracting from both

their performance and accountability.’

3.1.1 Agency Coordination in Practice

The problem of agency coordination in the US Federal Government (and elsewhere)
has been recognized by for over a century, but has only recently attracted sustained
scholarly attention.® This is not surprising in some ways, given the unique nature of
the bureaucracy in the constitutional structure of the United States Federal Govern-
ment. However, as governance has become more complicated and both the US Code
(USC) and the Code of Federal Regulations (CFR) have each become larger and more
complex, the relevance of the problem of inter-agency coordination has become more
acture and apparent. Indeed, as this article was being written, the United States
Supreme Court (SCOTUS) further muddied the relevant waters in Loper Bright En-
terprises v. Raimondo”, overruling the notion of “Chevron deference” established in
Chevron U.S.A., Inc. v. Natural Resources Defense Council, Inc. (1984).2 While
our theory sets aside the question of judicial review,? the insights from our theory

can be applied to considering the potential impacts of the Loper decision.

Agency Efforts. In his seminal study of bureaucracy, Wilson argued that formal-
ization and centralization are common agency-level responses when facing uncertainty

and/or external pressure ([198]). Along these lines, [76] explored the determinants

For example, see [75].

Early works in this vein include [60], [90], [151], [113], [32], [? ], [75], and [134].

603 U.S. __ (2024).

467 U.S. 837 (1984).

For theories of judicial review of agency policy-making in the post- Chevron /pre- Loper

regime, see [84] and [27].
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of government agencies’ internal management processes. Considering three measures
of management — centralization of decision-making, formal record keeping, and de-
partmentalization of responsibilities — Frumkin & Galaskiewicz find that government
agencies tend to be more bureaucratized than non-governmental organizations'® and
that this tendency was stronger in agencies where individuals reported that the orga-
nization tends to pay attention to how other similar organizations operate (“mimetic
isomorphism”). At the same time, Frumkin & Galaskiewicz also find that “there
was no clear norm . .. different institutional pressures were having different effects.” !
This heterogeneity is not surprising, given the wide array of problems that govern-
ment agencies are tasked with (e.g., [154]). Finally, Frumkin & Galaskiewicz also find
that agencies in which individuals reported that the agency was subject to external
oversight (such as licensing, accreditation, etc.) were more likely to use formalized and
centralized procedures. Along the same lines, [120] consider federal agencies’ efforts to
enforce equal employment opportunity (EEO) policy, a process that legally requires
coordination between the agency in question and the Equal Employment Opportunity
Commission (EEOC). Their empirical analysis supports the notion that formal coor-
dination mechanisms ( “coordinated reporting organizational arrangements” ) promote

both efficient dispute resolution and perceptions of fairness within the agency.

Executive Efforts. To the degree that coordination is required for policy success
and/or reelection, the president has an incentive to promote coordination among
agencies must also be considered in conjunction with the agencies’ own coordination

efforts. The executive can influence agency choices through various channels, in-

0Specifically, they found that government agencies’ processes tended to be more cen-
tralized, formally documented, and departmentalized than in firms and non-profit

organizations.

11[76], p. 303.
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cluding unilateral appointments ([105]), consultation provisions ([142]), inter-agency
agreements ([70]), negotiated rule-making ([58]), or centralized White House reviews
([111]). Historically, Congress has frequently acknowledged the President’s unique
role in coordination through the passage of various reorganization acts ([5, 4], [104]).12
Several presidents have appointed policy “czars” over the past century, beginning with
President Woodrrow Wilson’s appointment of Bernard Baruch to head the War Indus-
tries Board in 1916. In line with the arguments we present below, the War Industries
Board was created by Congress at President Wilson’s urging to begin coordinating
public and private efforts for a national mobilization as World War I raged in Eu-
rope. Baruch was referred to in the press as the “industry czar,” and the term was
also used informally to describe several officials in President Franklin D. Roosevelt’s
cabinet during the New Deal and World War II. '3

These efforts only accelerated after World War II. For example, President Richard
M. Nixon appointed Jerry Jaffe as the Special Consultant to the President for Nar-
cotics and Dangerous Drugs in 1971. This position was eventually codified by the
bipartisan Anti-Drug Abuse Act of 1988,14 which created the Office of National Drug
Control Policy within the Executive Office of the President. The position exists to
this day and is responsible for advising the president on, and coordinating agencies’
organizational, budgetary, and personnel policies related to anti-drug policy efforts.

Then, in July of 1973, President Nixon appointed John Love the Director of the

120f course, Congress also plays a role in coordinating and designing agencies ([33]. The
judiciary also clearly plays a role. [132] provides an excellent overview of this, though
the recent Loper Bright decision mentioned above obviously makes these waters a
good bit murkier now.

BSee Randy James, September 23, 2009, “A Brief History of White House Czars”
Time.

1Public Law 100-690, enacted November 18, 1988.
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Energy Policy Office, who was quickly referred to the nation’s “energy czar.” The
1973 oil embargo began shortly thereafter, at which point President Nixon appointed
William Simon to replace Love as the Director of the newly created Federal Energy
Office. In announcing the appointment and the creation of the new executive level

agency, Nixon described Love’s role as

“...develop[ing] the necessary policies to meet what was then essentially

a long-term problem which had important short-term consequences.” '

While Love served only 5 months and Simon served only 6 months, the office and
role was reified in statute by Congress with the creation of the Federal Energy Ad-
ministration in 1974,6 As the energy crisis lingered throughout the 1970s, Congress
went farther, creating the cabinet level agency, the Department of Energy, in 1977,
consolidating several energy related agencies, such as the Federal Energy Administra-
tion, the Energy Research and Development Administration, and the Federal Power
Commission.!7

President Clinton created the Domestic Policy Council (DPC) in 1993, which still
exists as of the time of this article’s writing. Formally chaired by the president, the

DPC’s principal functions are described as follows:
1. to coordinate the domestic policy-making process;

2. to coordinate domestic policy advice to the President;

3. to ensure that domestic policy decisions and programs are consistent
with the President’s stated goals, and to ensure that those goals are

being effectively pursued; and

15President Richard M. Nixon, December 4, 1973.

16Federal Energy Administration Act of 1974 (Public Law 93-275, enacted May 7, 1974).

1"The Department of Energy Organization Act of 1977 (Public Law 95-91, enacted
August 4, 1977).
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4. to monitor implementation of the President’s domestic policy agenda.

Furthermore, Clinton’s Executive Order directed all agencies to “coordinate domestic
policy through the Council.”!® The DPC consists of the heads of over a dozen Cabinet-

level agencies and departments in the Federal Government.

Coordination Between Agencies. Presidential efforts to coordinate agency ac-
tivities extend beyond the creation of “czars.” Most such efforts have been focused on
more specific policy decisions, as opposed to broad swaths of policy-making and pol-
icy outcomes. One example of such a coordination effort is the national program for
greenhouse gas emissions and fuel economy standards for light-duty vehicles, which
was jointly issued by the Environmental Protection Agency (EPA) and the Depart-
ment of Transportation (DOT) in 2010. The Obama administration explicitly di-
rected the two agencies to work together to establish a coherent regulatory standard,
which led to the creation of a joint rule that significantly reduced the transaction
and compliance costs for both the auto industry and the agencies themselves. More
broadly, President Obama also created the Interagency Climate Change Adaptation

Task Force and required agencies to actively participate in it.19

Coordination Within Agencies. While our analysis is framed as considering
coordination between two unitary, no agencies are actually monolithic unitary actors.
Along these lines, [24] considers the challenges faced by agencies with multiple goals
and [149] provides an excellent discussion of the understudied topic of intra-agency
coordination. We do not delve too deeply into this fascinating topic in this article
but, as we mention in the conclusion, we believe that the framework we develop could

be leveraged to provide more insights into the role of agency structure and procedures

BExecutive Order 12859, August 16, 1993.
YExecutive Order No. 13,514 (Oct. 8, 2009).
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in shaping both the substance and success of bureaucratic policy-making. With the
substantive application of our theoretical framework described, we now turn to a

quick overview of our theoretical findings.

3.1.2 An Overview of Our Theoretical Findings

Intuition might suggest that, to the degree that inter-agency coordination mutually
benefits the agencies and the president and the president’s cost of facilitating such
coordination is not too large, the agencies would always prefer to have aligned policy
preferences and the president will, to the degree required, help coordinate the agencies
on the policy that both agencies prefer. One contribution of this paper is to show
that, even if the president and agencies have common preferences over policy, this will
generally not be the case. In particular, the possibility of presidential subsidy provides
the agencies with a second-order incentive to prefer some misalignment of their policy
preferences. Moderate amounts of such misalignment of agency preferences essentially
passes on the responsibility of coordination to the executive in equilibrium. This is
essentially inescapable so long as the president prefers that the agencies successfully
coordinate.?? In order to consider the impact of this equilibrium incentive, we examine
two institutional cases.

In the first case, the president can pick a “counterpart” agency for a given agency
to coordinate policy with. In such a setting, the president always prefers to pick an
agency with aligned incentives in the sense that the agencies share a common opti-
mal policy choice and, furthermore, benefits most from choosing a counterpart with a
strong cardinal preference for the agency-in-question’s most-preferred policy. In the
second setting, we consider any given agency’s own preference over counterpart agen-

cies. In this setting, the agency always wants its counterpart to have moderate but

20In game theoretic terms, the president has a credible commitment problem in our

setting when he or she prefers that the agencies successfully coordinate.
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ordinally-misaligned preferences. By choosing an ordinally-misaligned counterpart,
the agency induces the president to invest greater effort in helping the agencies coor-
dinate. By choosing a counterpart whose policy preferences are not “too” misaligned
with its own in cardinal terms, the agency provides some insurance in the (positive
probability) case that the president’s coordination efforts are unsuccessful and the
agencies must endogenously coordinate policy-making on their own.

Finally, our theory indicates that even when the president is “unbiased” in policy
terms (i.e., he or she is indifferent between the possible policy outcomes and merely
interested in the agencies successfully coordinating), he or she will generically benefit
from using an “unfair” coordinating device in which one of the agencies is more likely
than the other to have its preferred-policy chosen when the president’s coordination
efforts are successful.

Our analysis utilizes two models of subsidized coordination. In our theory, the
president knows the two agencies’ policy preferences and, based on this, chooses how
much to invest in a coordination protocol that coordinates agencies to a particular
outcome with a fixed probability. This setup allows us to examine how the alignment
of preferences between the agencies affects the executive’s optimal level of subsidy.
We then consider the impact of scarce attention at the agency level. This is consistent
with our baseline notion that agency coordination uncertain in equilibrium and allows
us to consider the president’s induced preferences over the fairness of the coordination
protocol, which we represent by the relative probabilities that each agency’s most-
preferred policy outcome is the result when the president’s coordination efforts are
successful. In this setting, we show how the agencies’ incentives to extract more
subsidy from the executive, coupled with the executive’s incentive to choose a biased
coordination protocol, lead to agencies being better off when misaligned with each
other. Following the theoretical analysis, we explore the empirical implications of the

model and conclude.
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3.2 A Simple Model of Policy Coordination

Our baseline model of bureaucratic coordination is based on the battle of the

sexes game, pictured in Figure 3.1. The parameter « € (0, 1], which we refer to as

A B
Al (a, 2-a) (0,0)
B| (0,0) (2-a,«)

Table 3.1: A Family of Asymmetric Coordination Games (« € (0, 1])

the alignment of the agencies’ preferences, is the heart of our focus in this article.?!
As « increases, we say that agencies’ preferences are more closely aligned and, if a =1,

then we say that their preferences are completely aligned.

Equilibrium Analysis. If Agencies 1 and 2 each choose a policy without knowing
what policy the other agency chooses,?? there are three Nash equilibria of the game
in Figure 3.1. Two of these are in pure strategies (both agencies choosing af = A
and both agencies choosing af = B). The third equilibrium involves both agencies
randomizing between a; = A and a; = B. Letting o; = Pr[a; = A] denote the probability

that agency i chooses policy A, this mixed strategy equilibrium is a function of a:

, and

oi(a)

o] Q

-
2 .

o3 (a)

2IThe case of a = 0 is omitted, because there a continuum of Nash equilibria and,
substantively, the game is no longer a coordination game in that case.

22Tn game theoretic terminology, the agencies are choosing policies “simultaneously,”
but the main point is that each agency is choosing its policy with uncertainty about
what the other agency will and the knowledge that the other agency will also be

uncertain about the policy the agency in question will choose.
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For simplicity, we refer to this equilibrium profile simply as “the equilibrium,” and

take a slight detour to justify this focus.?3

Equilibrium Selection. While the game pictured in in Figure 3.1 has three Nash
equilibria, we focus on the mixed strategy equilibrium because it is anonymous.
The agencies have conflicting preferences over the two pure strategy equilibria, so
selecting /focusing on either of the pure strategy equilibria is equivalent to “picking
a winner.” This is unfortunate, of course, because each of these two equilibria are
Pareto superior to the mixed strategy equilibrium. We focus on the mixed strategy
equilibrium because it truly reflects the “problem” of coordination.

That said, note that our general analysis does not actually require that agencies
must always be playing the mixed strategy equilibrium. We could incorporate more
structure to allow for the agencies to sometimes have common knowledge which of the
pure strategy equilibria will occur (i.e., in the words of [170], a positive probability
that either of the two pure strategy equilibria is focal). For reasons of space, we do
not do so in this article. Now we turn to one standard approach to coordination in

coordination environments: pre-play communication.

3.2.1 Coordination & Pre-Play Communication

We are not the first to consider how to foster successful coordination in this type of
setting. For example, [71?7 ], [167], and [72] incorporate an explicit communication
stage in which the players can send cheap talk messages prior to making their simul-
taneous choices in the coordination game. It is known that such communication in
this setting can only increase the probability of achieving one of the pure strategy
equilibria. However, this probability depends on how the communication will take

place: can both players send messages and if so, do they speak simultaneously or in

ZWe thank an anonymous reviewer for pushing us to engage more with this point.
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sequence? If only one player can send messages, the theoretical effect on the prob-
ability of cooperation can be quite stark, while the effect is smaller when the two
players talk simultaneously.

We agree with [167] that the simultaneous messaging structure is unrealistic and,
accordingly, suppose that the agencies take turns and send messages sequentially.
While the messaging protocol is “cheap talk,” sending a message is not necessarily
free.?* In line with our argument for focusing on the anonymous mixed strategy equi-
librium in the absence of communication, we focus only on equilibria that are similarly
anonymous.?> We present a simple model of an alternating messages communication
setting, applying recent results by [? |, in Appendix C.3. The three main takeaways

from that analysis are as follows.

1. An anonymous equilibrium where the probability of coordination is equal to 1

can exist, but

2. The communication process in this equilibrium induces positive expected delay,

and
3. This delay decreases in the alignment of the agencies’ incentives, a € [0,1].

If one presumes that the delay from negotiations is costly to the president, the second

conclusion suggests one reason that the president might prefer to use the type of

24Tn spite of messaging being costly, per se, the communication protocol is cheap talk
because all messages are equally costly to send and leave the payoffs from the coor-
dination game otherwise unaffected.

B Formally, we consider only equilibria in which, conditional on coordination occur-
ring, each of the two possible coordination outcomes, (A, A) and (B, B), occurs with

probability 1/2.
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“costly” coordination protocol we examine in this article.?6 Along these lines, the
third point mirrors one of the main results of our analysis: the president would
prefer that the two agencies have more aligned preferences.?” Furthermore, this point
implies that more misaligned agencies will find the negotiation process more costly
themselves as well. Thus, in empirical terms, we believe that our analysis is most
pertinent for such agencies. For example, referring to the example of the creation
of the DHS in 2002, the misalignment of incentives between the agencies combined
within the DHS was widely reported upon.?® We now turn to the effect of alignment,

a, in our baseline model and then turn to the full model of subsidized coordination.

3.2.2 Alignment and Coordination

Before moving on to a more detailed model setup, we present a proposition that
is simple but key to our analysis. It states that coordination is more likely to be
successful between agencies with more closely aligned preferences and maximized by

agencies with completely aligned preferences.

Proposition 12 The probability of coordination in the mixed strateqy equilibrium is

strictly increasing in « € [0, 1].

The implications of Proposition 12 will appear multiple times in our subsequent anal-

261n addition, our analysis can be thought of as a “black box” model of communication,
subsidized by the president.

2TPropositions 12 & 13.

2The 9/11 Commission’s Final Report described counter-terrorism efforts within the
FBI in the late 1990s as follows: “relevant information from the National Security
Agency and the CIA often failed to make its way to criminal investigators. Separate
reviews in 1999, 2000, and 2001 concluded independently that information sharing

was not occurring...” ([152], p. 79.
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ysis. In particular, because greater alignment promotes higher success rates in the
coordination game between the agencies, it will also reduce the incentive to exert
costly effort to augment this probability of success. One of the main conclusions
from the analysis below is that, despite Proposition 12, the pair of agencies can have
induced preferences for greater misalignment, because a third actor, whom we refer
to as the “president,” may be willing to provide greater subsidies to aid coordination
between less closely aligned agencies. We now turn to this extension of the basic

model.

3.2.3 Subsidized Coordination

We now suppose that there is a president P who (1) wants the agencies to suc-
cessfully coordinate and (2) who can subsidize the agencies’ efforts to coordinate by
deploying a coordination protocol, denoted by 7 € [0, 1], and invest effort in imple-
menting the protocol, denoted by c € [0,1]. For reasons of both space and robustness,
we model (pre-play) coordination in a “black box” fashion. By choosing 7, the pres-
ident chooses the fairness of coordination and, by choosing ¢, the president chooses

the reliability of implementation of coordination to the agencies.

Fairness of Coordination. The fairness of the protocol is directly characterized
by the probability 7 € [0,1], which represents the probability that the coordination
protocol will recommend that the agencies coordinate on A, and 1 — w represents the
probability that the protocol will recommend coordination on B. We refer to the
protocol as being fair if and only if 7 = /5. If the protocol is unfair (7 # /3), we
refer to Agency 1 as advantaged if © > !/ and Agency 2 as disadvantaged (the
labels switch if m < 1/3). Below, we allow the president to choose 7 (Section 3.3).
However, in the baseline model analysis, we begin by assuming that 7 is exogenous

and common knowledge.
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Reliability of Coordination. While 7 represents the fairness of the coordination
protocol, the protocol’s reliability is a function of the president’s unilateral investment
in the protocol, the choice of which is denoted by ¢ € [0,1].22 The value ¢ represents
an investment in procedural policy instruments, ranging from developing new reg-
ulatory processes and practices that promote information sharing and inter-agency
collaboration to more quotidian efforts to check in on and monitor the agencies’ rel-
evant decision processes.? For simplicity of discussion, we refer to P investing a
positive amount, ¢ > 0, into the coordination protocol as “bailing out” the agencies
from their coordination problem. The direct cost to P of investing ¢ is ¢?. Given
any investment ¢ € [0, 1], the probability of coordination failure is 1 — c¢. When the

coordination protocol fails, the agencies will play the mixed strategy equilibrium.3!

Timing of the Game. The timing of information and decision-making is as follows.

1. The alignment value, «, and the coordination protocol, 7, are made common

29To keep matters transparent, the president chooses ¢ after observing both o and .
Throughout, we assume that both 7 and a are common knowledge to the president
and agencies once the agencies make their decisions.

30In line with the discussion in Section 3.2.1, one could interpret higher values of ¢ as
the president supporting more rounds of communication in pre-play communication
between the agencies. For reasons of space, we leave the linkage of our analysis with
such a micro-foundation for future work.

31 A couple of technical notes are in order. First, we assume that, when the coordination
protocol fails, this failure is common knowledge to the two agencies. Secondly, we
are considering only equilibria in which neither player conditions on ¢ or m when
choosing policy after the message fails. Our equilibrium is indeed an equilibrium —
these refinements are in the same spirit as our focus on the mixed strategy equilibrium

in the absence of the president having a coordination protocol to use.
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knowledge.
2. P chooses a level of investment in coordination, c € [0,1].
3. Policy-making by the agencies proceeds as follows:

(a) With probability 1 — ¢, the device fails, and the agencies play the mixed

strategy equilibrium.
(b) With probability c-m, the device coordinates the agencies on A (a = (A, A)).

(c) With probability ¢- (1 - ), the device coordinates the agencies on B (a =
(B,B)).

4. The choices (ay,as) are revealed, the game concludes, and players receive their

payoffs.

Coordination and Coordination in the Administrative State. Examples of
coordination protocols in the real world include presidential memoranda or policy
directives sent to both agencies regarding how they should work together, including
negotiated rulemaking ([57]). Of course, there are also many informal examples such
as transactional and/or relational bargaining both within and across agencies ([54],
[53, 43]). Our analysis is largely independent of the formality /informality of the coor-
dination protocol: the model of coordination in this article is both minimal /context-
free and consistent with “noise” (e.g., coordination failures). We now derive the
president’s incentives when choosing how much to invest in the reliability of any

given coordination protocol, .

3.2.4 Equilibrium Reliability

In the baseline model in which the fairness of the coordination protocol, m, is ex-

ogenous, we first consider P’s incentives when choosing how much to invest, ¢, in
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the coordination protocol’s reliability. For any given protocol, 7, P’s equilibrium

expected payoff depends on « and c:

a(2-a)
* _ 2
EUp(c|a) = c + (1-¢) - — . (3.1)
—— — — N — —
Prob. successful Prob. failed  Probability Direct_cost
pre-play pre-play  of coordination ©f coordination
coordination coordination in MSNE reliability

P’s optimal choice of reliability is thus

2-2a+ a?

(@) = ——

Notice that 7 is not included in P’s payoff function. This is because we assume that
P strictly gains from successful coordination but is otherwise indifferent on which
outcome (A or B) the agencies coordinate. This simplifying assumption will allow
us (in Section 3.3) to identify conditions under which an unbiased P will nonetheless
benefit from using a biased coordination protocol (i.e., one with m # 1/5). Our first
main conclusion in this baseline model is that P’s equilibrium payoff is increasing,
and her equilibrium investment level is decreasing, in alignment, o. These are stated

in the following proposition.

Proposition 13 In equilibrium, P’s investment in reliability, ¢*(«), is strictly de-
creasing in the agencies’ common alignment, o, and P’s expected equilibrium payoff

18 INCTEAsINg 11 Q.

Figure 3.1 illustrates c¢*(a) and P’s equilibrium expected payoff, EU}(«), for
a €[0,1]. Intuitively, P’s equilibrium payoff is increasing in the agencies’ alignment,
a. Also intuitive is that P’s optimal investment, c¢*(«a), is decreasing in «. Put
simply, the two agencies unambiguously gain from higher investment by P in the
coordination protocol. While this effect on P’s optimal investment ¢*(«) is fairly

straightforward, we will see below that this induces the agencies to not share the
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Figure 3.1: Optimal Fair Coordination Reliability as a Function of Alignment

president’s preferences for alignment (Proposition 14), in spite of the fact that they

do share a common preference for successful coordination.

3.2.5 Agencies’ Induced Preferences Over Alignment

Before extending the model to allow the agencies to have heterogeneous alignments,
a1 and a, we first take a short detour to consider what the agencies would the prefer
for their (common) alignment, «, to be, given the supposition that P will invest
c*(a). Agency 1 and 2’s equilibrium payoffs (i.e., based on ¢ = ¢*(«)), as a function
of 7, are contained in Appendix C.1. The following proposition illustrates that, while
P is indifferent about 7, per se;3? the agencies are most assuredly not indifferent to
7. Indeed, an unfair coordination protocol (m # !/3) induces one agency (the one
“favored” by the protocol) to prefer some misalignment (« < 1) and, in many cases,

to most prefer complete misalignment (o = 0).

32 Again, this is because we have assumed that, in terms of outcomes, P is purely
interested in the agencies coordinating but is indifferent about which outcome they

coordinate upon.
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Proposition 14 For any given 7 € [0, 1], Agency 1’s equilibrium expected payoff with

endogenous reliability is maximized by o* defined by the following:

1 if < 1/2,

@ =ya(r)e(0.8,1) if me(1/,0.629382),

0 of m>0.629382,

where a(m) is a strictly decreasing function of © for all m € (Y/4,0.629382).33

Proposition 14 has several interesting implications about the agencies’ induced

preferences over alignment, «, and the fairness of the protocol, 7.

Fair Coordination < Both Agencies Prefer Perfect Alignment. Note that
the agencies mutually prefer perfect alignment (« = 1) if and only if the coordination
protocol is fair (i.e., m = 1/3). The sufficiency of a fair protocol for inter-agency
agreement on alignment is not surprising. The necessity, however, is a little surprising:
regardless of , the agencies have a common interest in coordination for any alignment,

Q.

Disadvantaged Agencies Prefer Alignment. Because the game is symmetric
(the agencies share a common alignment, «, a supposition that we relax below),
whenever Agency 1 prefers lower levels of alignment, Agency 2 strictly prefers perfect
alignment (« = 1), and vice-versa. Proposition 14 implies that, when the president
can bail out the agencies in their coordination problem by investing ¢ into the pro-

tocol, the agency who is disadvantaged by the coordination protocol prefers that the

33For completeness, the function &(7) is the second root of 4 -8p+ (-2 + 12p)a+ (-3 -
6p)a? + 2a3 = 0; the upper bound of interval for 7 is the first root of -53 + 1307 —
10872 + 5673 = 0.
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agencies have aligned preferences. Thus, Proposition 14 indicates a conflict of inter-
ests between the agencies whenever the coordination protocol is biased: the agency
that is advantaged by a biased protocol would prefer to raise the stakes of successful
coordination. As w becomes more biased in favor of an agency’s preferred outcome,

that agency would prefer to have a larger payoff from its preferred outcome.

Agency Preferences with Probabilistic Recommendations (7 € (0,1)). For
many “unfair” coordination protocols,?* the two agencies may disagree on whether
alignment (a = 1) is optimal. In fact, the preferences of the advantaged agency (in
this case, Agency 1) over alignment, «, are non-monotonic. As an example, Figure
3.2 displays the agencies’ equilibrium expected payoffs as a function of « for an unfair

coordination protocol with 7 = 0.6.

EU Maximum value of fair coordination

0.65
0.625

. Agency 1 prefers
P positive inequality

0.4[.-~
a
0 0.786 1

Figure 3.2: Preferences with Unfair Coordination
m=0.6

In Figure 3.2, the coordination protocol’s fairness is assumed to be 7 = 0.6, mean-

ing that the coordination protocol is biased in favor of Agency 1. Interestingly, we

34Tn this particular specification, moderately unfair coordination describes any = # 1/5

that lies in the interval (0.370618,0.629382).
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observe that Agency 1 prefers « € [0.786, 1) over perfect alignment (« = 1). Agency
1 has strong incentives to induce more investment from the president (i.e., ¢*(a));
this is because the coordination protocol is biased, as it will coordinate the agencies
on the outcome that Agency 1 prefers. A small degree of misalignment is therefore
beneficial for Agency 1 because it can induce more investment from the president
while still ensuring a sufficient degree of coordination with Agency 2 in the mixed
strategy equilibrium. Agency 2, however, always does better as the agencies are more
closely aligned. Agency 2 has less to gain from the president’s additional equilibrium
investment because the protocol is biased. Therefore, Agency 2 prefers to simply
maximize the chances that the agencies successfully coordinate, i.e., have perfectly
aligned preferences.

In this regard, Proposition 14 provides one reason for P to prefer to use a fair
coordination protocol rather than an unfair one: if agencies expect that P will use
an unfair coordination protocol, then the agencies’ induced preferences over a are no
longer aligned, unlike when the coordination protocol is fair. If the agencies can shape
their own preferences, then P has at least one reason to use a fair protocol (7 = /).
However, if alignment is exogenous, then P can benefit from an unfair coordination
protocol when the agencies have different alignments, oy and as. We now turn to
this extension, which also allows us to examine the agencies’ incentives to align their

own preferences.

3.3 Subsidized Coordination with Endogenous Fair-
ness

We now extend the model to allow each agency i € {1,2} to value coordination on
A and B respectively at a; € [0,2]. This allows for our model to consider Pareto-

ranked coordination games. If a; > 1 and ay < 1, then both agencies strictly
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prefer coordinating on A. These payoffs are displayed in Figure 3.2.

A B
Al (oq, 205) (0, 0)
B| (0,00 (2-a1, ap)

Table 3.2: A Bigger Family of Asymmetric Coordination Games: (ay,az) € (0,1]?

When min[ay,2 - as] > 1 or max[ag,2 - as] < 1, we refer to the agencies as ordi-
nally aligned: they share a common ranking of the two coordination outcomes, A or
B.35> When the agencies are ordinally aligned, the equilibrium selection problem is ar-
guably easier (e.g., Pareto efficiency picks a unique outcome), and we will see shortly
(Section 3.3.1) that P essentially recognizes this if she can choose the coordination
protocol, .

Importantly, we further relax the presumption that P knows that the agencies will
observe the recommendation with certainty. Instead, we suppose that each agency
i € {1,2} has a privately observed cost of attention, ¢; > 0, which it must pay to
observe the coordination protocol’s recommendation. When this cost is sufficiently
high, the agency will simply make policy using a mixed strategy without knowledge of
the recommendation. We also assume that the upper bound of the distribution of ¢;
and €9, k > 0, is unobserved by P and distributed according to a CDF, G : R, - [0, 1]
that assigns positive probability to k& being sufficiently large to rule out observation

in equilibrium: G(k*(a,7)) <1, where a = (g, ) .36

35We omit the special case of a = (1,1) for reasons that will become clear in Section
3.3.1.

36Note that we presume that, if k < k*(«aq, a9, m), the agencies play the “complete
attention equilibrium” with €} = k for both agencies i € {1,2}. There is a continuum
of subgame perfect Nash equilibria in this setting: we are focusing on the unique

Pareto efficient equilibrium.
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Timing of the Game. The timing of the extended game is as follows.
1. The alignment values, a; and «s, are made common knowledge.
2. P chooses 7 € [0,1] and a level of investment in coordination, ¢ € [0,1].
3. P’s choices, m and ¢, are made common knowledge.
4. Fach agency ¢ privately observes ¢; € R.

5. The agencies simultaneously choose whether to observe the recommendation,

w; € {0, 1}

6. With probability wy - ws - ¢ - 7, the device coordinates the agencies on A (a =

(A, A)).

7. With probability w; -wy-c- (1 —-7), the device coordinates the agencies on B
(a=(B,B)).

8. With probability 1 —-w; -ws-c, the agencies play the mixed strategy equilibrium.

9. The choices (aq,as) are revealed and the players receive their payoffs:

vi(wi,a) = wi(a)—w;-¢  for each agency i€ {1,2}, and
1—02 if a; = ag,

vp(a,c)

2

—c otherwise.

3.3.1 Equilibrium Coordination Fairness, 7

If P can choose the coordination protocol, 7, her optimal choice depends on a =
(a1,0a2). When the agencies’ preferences are ordinally aligned, P prefers to use a

degenerate coordination protocol that always recommends that the agencies choose
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their (mutually) most preferred coordination outcome.?” This preference for a degen-
erate coordination protocol is retained for agency preferences that are not “too far
from” ordinal alignment. This is illustrated in Figure 3.3a, below, which identifies
three qualitative regions. The lower right of the figure (dark gray) represents the
alignments that P prefers that the protocol recommends the coordination outcome
A, and the upper left of the figure (light gray) represents the alignments that P
prefers that the protocol recommends the coordination outcome B. The remaining
region (white) represents the alignments that prompt P to use a non-degenerate co-
ordination protocol. This third region includes only situations in which neither of the
coordination outcomes is uniquely Pareto efficient.

™ (a)
1

051 T —

Agency 1 prefers B Agﬁency 1 prefers A

. a, 0 ]
0 2 0 1.071.17 2

(a) Endogenous Fairness: Regions of 7* (b) P’s Optimal Choice of 7 (g = 1.1)

aq

Figure 3.3: Equilibrium Fairness, 7*(«)

In the third region, P’s optimal protocol, 7(«), is locally sensitive to changes in

3TFormally, P prefers 7* = 0 if max[aq,2-as] < 1 and P prefers 7* = 1 if min[ay, 2-ay] >

1.
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the agencies’ alignments, a. Specifically, defining the following function:

1/2 ifCYl:O./Q:l,

(a) = (3.2)

min 1, max [0, 1 (as —a; + o gt 4)]]  otherwise,

the optimal protocol from P’s perspective, as a function of a; and «y is:

0 it 7(a)<0
m(a) =1 #(a) if #(a)e[0,1] (3.3)
1 if #(a)>1,

Figures 3.3a and 3.3b (each derived from Equation (3.2)) both correctly suggest that
P’s optimal protocol is fair (7 = /) if and only if a; = as. Similarly, Equation (3.2)
implies that 7*(«) increases in «; and decreases in a. This is in line with the logic
described above regarding the flat regions, A and B. P optimally sets the fairness
level of the protocol such that it favors coordination on the outcome favored by the
agency ¢ with the highest value of «;.

Looking at the same problem from a different angle, Figure 3.3b illustrates P’s
optimal choice of 7 with respect to Agency 1’s alignment when Agency 2’s alignment
as = 1.1, i.e., prefers outcome B over A but is sufficiently indifferent between the
two outcomes. When «a; < 1, agencies are ordinally aligned. P thus always chooses
7 () = 0 that coordinates agencies on outcome B. When «; is larger but sufficiently
close to 1, P’s optimal choice may be non-degenerate and increasing in a;. Now
the agencies are ordinally misaligned; P chooses a value of 7*(«) that coordinates
the agencies on both outcomes, each with some positive probability. The probability
that the agencies are coordinated on outcome A increases as Agency 1 more strongly
prefers outcome A, and with sufficiently large oy (o > 1.17), P chooses 7*(«) = 1.

We discuss the fairness of the president’s optimal coordination protocol in Section
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3.4.1. Before that discussion, we turn to the question of how much the president

should invest in the coordination protocol’s reliability, c.

3.3.2 Equilibrium Coordination Reliability, c

With the optimal coordination protocol, 7*(«), in hand, we can now derive the
equilibrium level of investment. In this setting, P’s expected payoff depends on

a=(ay,az), m, ¢, and k:

et (1-c)uloalionlo) 2 if k< j*(a, 7),

up(c|k) =

a1 (2-a a2 (2-a 1 *
1( 2)1 2( 1) —02 iftk>k (05771—)‘

Note that the investment cost, ¢, is lost regardless of whether coordination actually
occurs, implying that P has a non-trivial trade-off when choosing ¢ as long as P knows
that there is a positive probability the agencies will pay attention to the protocol in
equilibrium. Accordingly, the optimal investment in this setting will be some number
in the interval (0,c*(«)), where ¢*(«) is

(p+2-ag-aq(2-ag)) if k<k*(a,m)

*(a) = (3.4)
it k>k*(a,m).

=

)

Because investment is always costly but useful only if & < k*(«, 7*(«)), the exact value
of the optimal investment in this setting will (intuitively) depend on the distribution
of k: the optimal investment will be an increasing function of G(k*(a, 7 ())) € (0,1).

The three panes of Figure 3.4 display the maximum cost of attention k*(«,)
the agencies are willing to incur, given their alignments. P’s objective is to choose a
value of 7 that maximizes k*(«, 7), as this would maximize the chances that agencies
observe the recommendation. When agencies are aligned, P always recommends the

outcome that both agencies prefer; P’s optimal choice of 7 is therefore either 0 or
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k*(a, ) k* (o, ) k* (o, )
0.95 0.256 : 0.65
245 :
% 19 0 (o) 1 O 1
(a) a1 =0.25 (b) a1 =1.1 (¢) aq = 1.75

Figure 3.4: Maximum Cost of Attention that Agencies are Willing to Incur, as =0.9

1 (see Figure 3.4a). P will find it optimal to choose an interior value of 7 only if
the agencies are misaligned and neither agency strongly prefers one outcome over

another.3® Figure 3.4 illustrates two other general properties:

e agencies are less willing to pay attention as they become more indifferent to the

two outcomes (see Figure 3.4b), and

e given that (i.e., k < k*(a, 7)), both agencies pay full attention: accordingly, P’s

optimal choice of reliability ¢*(«) is the same as in Section 3.2.4.

Viewed more broadly, Figure 3.4 implies that the attention problem affects the agen-
cies’ payoffs only through its effect on P’s choice of fairness. We detail how her
choice of fairness 7*(a)) changes with respect to different alignment values in Ap-
pendix C.2.1. We now turn to the question of who P and the agencies, respectively,
would choose the alignment given the equilibrium paths (including P’s choice of 7

and c) for every pair of alignments.

381f either agency has sufficiently strong preferences for one of the two outcomes, then

P will find it optimal to use a degenerate coordination protocol - see Figure 3.4c.
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3.3.3 Choosing Agencies to Coordinate

In this section, we examine both P and Agency 1’s induced preferences over the
alignment between Agency 1 and Agency 2.39 Specifically, we suppose that Agency
1 must be involved in policy-making, with an exogenous and known alignment, a; €
[0,1]. We then consider which agency P and Agency 1, respectively, would choose
as the “Agency 2”7 to work with Agency 1. The main substantive finding of this
analysis is that Agency 1 and P would choose a different counterpart agency to serve
as Agency 2. This conclusion is illustrated in Figures 3.5a (showing P’s induced
preferences over the alignment of Agency 2, as) and 3.5b (showing Agency 1’s own
preferences over as).

EU} EU;
0.9

0.3

D)

0 2 0 0.84 1.17 2
(a) Principal’s Equilibrium Payoff (b) Agency 1’s Equilibrium Payoff

Figure 3.5: Induced Preferences Over as, Given ay (“Perfectly Aligned”: as =2-ay)

Figure 3.5a illustrates that P’s expected payoff is maximized by choosing the
agency with policy preferences that are “most highly aligned” with Agency 1 (i.e.,
the agency j # 1 with the largest alignment value, 2 - «;), regardless of Agency 1’s

alignment value, a;. P’s preferences are straightforward; she always wants agencies

39Because of the symmetry of the problem, Agency 1’s preferences about Agency 2’s

alignment, «y, mirror Agency 2’s preferences over Agency 1’s alignment, ;.
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to be ordinally aligned, and conditional on alignment, she wants an agency to have a
very strong preference toward an outcome. The idea behind this is that P wants to
maximize the probability that agencies coordinate via the mixed strategy equilibrium
as opposed to through the pre-play coordination device in order to minimize the cost
of investment ¢*(«). This is visualized in Figure 3.5a. When oy = 1.7, P is best off
when as = 0, in other words, when Agency 2 prefers outcome B and prefers it to the
strongest possible degree. Similarly, when oy = 0.4, P prefers as = 2.

Conversely, when Agency 1 is in charge of choosing its counterpart, Agency 1
always wants the counterpart to be ordinally-opposed but sufficiently indifferent be-
tween the two outcomes. In spite of this being a coordination problem (and therefore,
somewhat common value in nature), the agencies may have distinct preferences not
only because they actually have differing preferences, but also because they have dif-
ferent marginal values from P’s investment in the protocol, ¢*, and these marginal
values are themselves sensitive to the exact values of the alignments, o = (aq, ).
Two examples of this are illustrated in Figure 3.5b. The thick-lined curve portrays
Agency 1’s induced preference over Agency 2’s alignment, as, when Agency 1 prefers
coordination on outcome B (ag = 0.4). In this scenario, Agency 1’s expected payoff,
conditional on Agency 2’s alignment, as, given its own alignment is oy = 0.4, is max-
imized by as ~ 0.84. Under such an alignment by Agency 2, given «; = 0.4, the two
agencies have ordinally-opposed alignments. The agencies are acting in anticipation
of P’s actions; sufficient misalignment between the agencies induces P to invest more
in ¢*(«). Similarly, even when Agency 1’s relative preference for its preferred coor-
dination outcome is stronger (o = 1.7), Agency 1’s expected payoff, given its own
alignment, aq = 1.7, is maximized by s ~ 1.17.

This contrast between P’s and Agency 1’s induced preferences over alignment of
Agency 2 highlights the importance of who gets to pick the agencies to coordinate.

The following proposition summarizes this intuition.
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Proposition 15 Consider P and Agency 1’s induced preferences over ay given as.

o P always prefers the agencies to be ordinally aligned. When oy <1, P chooses

o =2; when oy > 1, P chooses o = 0.

o Agency 1 always prefers the agencies to be ordinally opposed. Its optimal choice

Q5 INCTEAses in oy.

Figure 3.6 illustrates the logic behind Proposition 15 in more detail. We observe
from Figure 3.6a that given Agency 1’s alignment «, it always chooses an agency that
is misaligned in preferences since this induces more subsidy from P. However, Agency
1 doesn’t want its counterpart to prefer the other outcome too much, as P would then
set the coordination protocol to favor the other agency. In short, it optimally chooses
an agency that prefers a different policy outcome but only prefers it mildly over the
other. P in equilibrium invests more in ¢ to coordinate the agencies (compared to the
case where both agencies are ordinally-aligned) and sets fairness 7 such that favors
Agency 1: this is the best possible scenario for Agency 1. Additionally, its optimal
choice of ay increases in ;.

Agency 1’s equilibrium payoff given that it can pick “Agency 2”7 is depicted in
Figure 3.6b. Somewhat surprisingly, Agency 1 is worst off with extreme preferences
(v is 0 or 2) even when it has the power to choose who to coordinate with. It might
seem that Agency 1’s chances of successful coordination will be maximized when it
strongly prefers an outcome and chooses the other agency to be more or less indifferent
between the outcomes, which would induce P to choose 7 = 1 in equilibrium. However,
this is suboptimal for Agency 1 because with the given alignments the agencies can
successfully coordinate on their own that P is discouraged from investing in reliability

¢ to facilitate their coordination.
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0.63

0.59
aq

0 1 2 0 1 2
(a) Agency 1’s Optimal Choice of o (b) Agency 1’s Equilibrium Payoff

0.83

Figure 3.6: Agency 1’s Induced Preferences With Respect to Agency 2’s Alignment,
(%)

3.4 So Why Are there Organizational Divisions?

As mentioned in the introduction, the problem of policy coordination is well-recognized
by policy-makers and scholars alike. This recognition in the United States is demon-
strated by the regularity with which the federal government is reorganized. At least a
casual reflection on periods of reorganization (e.g., the advent of regulatory agencies
in the late 19th/early 20th century, New Deal, demobilization after WWII, the Great
Society, the creation of the EPA and OSHA in the 1970s, creation of DHS after 9/11
([88]), the reorganization of MMS following the Deepwater Horizon disaster) indicates
the potency of policy failures to spur such efforts. Reogrnization efforts are costly and
complicated, so that is not too surprising. However, as also alluded to in the intro-
duction, formal divisions of authority remain quite common in the executive branch.
For example, the Department of Labor (and OSHA, which is formally located within
the Department of Labor) and the National Labor Relations Board (NLRB) have
mutually overlapping policy responsibilities. However, the NLRB is an independent
agency that, at least in in theory, is insulated from direct presidential control.

There are many theoretical reasons that such organizational divisions might emerge
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in equilibrium (e.g., [1]). Here we focus on three that our theory might be seen as aug-
menting without directly addressing them: adverse selection, constraining executive

power, and complementary expertise.

Adverse Selection. In some contexts, “successful coordination” by two agencies
might be worrisome. Our theory omits concerns about adverse selection ([48, 49], [78,
77], [87]). Specifically, the president’s and agencies’ policy preferences are common
knowledge: the only uncertainty our theory addresses is that of moral hazard. The
values of redundancy are a standard argument in favor of overlapping jurisdictions
(e.g., [187, 188, 189], [80, 83, 86]).

Concerns about moral hazard and/or adverse selection might induce Congress
and/or the president to create two “pools of experts” with separate career incentives
to help “audit” the recommendations of each agency ([17], [191], [159]). Such pools
of experts exist in several forms in the US federal government, including advisory
committees ([10], [184], [126]), inspectors general ([129]), and — less formally —
citizen groups and regulated interests ([141], [30]). None of these solutions are perfect,
as the literature on “agency capture” illustrates ([21], [124], [51], [137]). Our theory
sets these concerns to the side principally because our model does not include a

“public” to whom the president and/or agencies should be accountable.

Constraining Executive Power. Particularly since the executive branch reorga-
nization described and authorized by the Homeland Security Act of 2002,40 scholars
have become increasingly concerned with the potency of the executive branch, the
degree to which it might infringe on civil liberties and, increasingly, worries about
a “deep state” in which the structure and decision-making of bureaucrats is too in-

sulated from political & electoral accountability. As presently developed, our theory

40Public Law 107-296, enacted November 25, 2002
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has very little to say about these concerns because, in addition to not including the
public in the model, the model also does not consider the career concerns or other
motivations of individuals within each of the agencies (e.g., [79], [156]).

Our theory is more closely related to a thread of the literature that argues that
bureaucratic overlap might usefully constrain the president’s powers. For example,
Katyal argues that the normal checks and balances described in Article I, Section 7 of
the US Constitution are largely ineffective in terms of empowering Congress to con-
strain presidential overreach (particularly after a statute has already been enacted).
Instead, Katyal argues that assigning overlapping missions to multiple bureaucratic

agencies can be more effective in limiting overreach:

“A well-functioning bureaucracy contains agencies with differing missions
and objectives that intentionally overlap to create friction. Just as the
standard separation-of-powers paradigms (legislature v. courts, executive
v. courts, legislature v. executive) overlap to produce friction, so too do

their internal variants.” ([113], p. 2317)

Katyal is aware of the downside of coordination problems, of course, acknowledging

that

“when there is no neutral decision-maker within the government in cases

of disagreement, the system risks breaking down.” ([113], p. 2317)

We believe our theory is consistent with Katyal’s argument, albeit without considering
the separation of powers issues and accountability challenges raised by institutional
design reforms. Specifically, our theory indicates situations in which the president
will find it optimal to not assist/subsidize agencies’ coordination efforts (Equation
(3.4), when k > k*(a,m)). Our parameter k effectively represents “all of the other
things that agencies need to do”: higher values imply that the agency is likely to be

too busy to pay attention to the president’s coordination efforts. The effect of £ in
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our argument is similar to Katyal’s implementation proposals ([113], pp. 2235-42),
which rely on reporting requirements to provide transparency and increase the costs
of presidential meddling in bureaucratic decision-making and negotiation between

agencies.

Complementary Expertise. Our theory is purposely agnostic about why the two
agencies must coordinate on the policy decision in question. A traditional notion
of why an agency of unelected civil servants is tasked with setting and/or enforcing
policy in a given area is that these civil servants possess some expertise in the area in
question. Of course, much expertise is task-specific ([79]), and as the opening quote
from the Uniform Guidelines indicates, many public policies require multiple tasks,
sometimes spanning the expertise and statutory jurisdiction of multiple agencies.
Unsurprisingly, this has been recognized for a long time. We believe that one
of the federal policy-making procedural innovations in the late 20th century — ne-
gotiated rulemaking — illustrates recognition of some of the broader points of our
theory. Negotiated rulemaking emerged in the 1980s,4' and is seen as central to both
the perceptions and realities of modern administration, ranging from issues such as
legitimacy ([74], [155]) to policy areas such as education ([? ]), the environment ([?
]), and transportation ([? ]). Our theory is too thin to really engage with the de-
bates about the efficacy of negotiated rulemaking as a coordination device, but it is
clearly an example of a procedural innovation driven at least in part to increase co-
ordination between agencies. In this vein, our theory indicates that the desire by the
president for agencies to actually engage in negotiated rulemaking (which is essen-
tially voluntary) is higher when the agencies in question have misaligned incentives.
This possibly raises an explanation for the mixed empirical assessment of negotiated

rulemaking’s empirical efficiency (see the discussion between [577 |, [? |, and [74]):

4I'Negotiated Rulemaking Act of 1990, Public Law 101-648, enacted Nov. 29, 1990.
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negotiated rulemaking is arguably costly and, without extrinsic “carrots and sticks,”
it is not clear why the agencies that most need negotiated rulemaking — agencies
with less well-aligned interests — would find it in their own interest to essentially
subsidize this kind of coordinating device if the president is a potential subsidizer of

these efforts as well.

3.4.1 Endogenous Inequality

In our model, the president and agencies all benefit from inter-agency coordination
and have common preferences over policy. Our theory shows how these incentives to
maximize coordination can ironically prompt the agencies to select themselves into a
higher degree of latent inequality. In addition, the theory indicates that a president
faced with sufficiently misaligned agencies may also endogenously choose an unfair
coordination protocol. We discuss each of these conclusions and the logic behind

them.

Agency Incentives to Create Misalignment. The possibility of a presidential
subsidy creates a second-order incentive for the agencies to be initially misaligned in
preferences with one another. When an agency is given the opportunity to choose
its counterpart, we expect to observe the agency to always choose a partner with
different policy preferences; this is because the agency acts in anticipation of the
president’s coordination effort. By intentionally increasing the latent inequality be-
tween the agencies, the agency encourages the president to invest in the protocol,
thereby maximizing the ex-post probability of coordination. The agency essentially

passes the responsibility of facilitating coordination onto the president.4?

42We would be remiss to not recall the sign that President Harry S. Truman famously

had on his desk, which read, “The buck stops here.”
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Unfair Coordination Protocols. Our theory indicates that the president’s op-
timal coordination protocol is almost always “unfair” in the sense that it privileges
one of the two outcomes, A or B, unless the agencies preferences over the two co-
ordination outcomes are identical aside from the fact that they are opposed (i.e.,
a1 = ag). An unfair coordination protocol is optimal for the president only when the
agencies are ordinally misaligned and have the option to not observe the president’s
recommendation. This possibility of scarce attention induces the president to choose
an unfair protocol such that maximizes the probability that the agencies observe the
recommendation.

Recalling that the theory assumes that the president is per se indifferent between
coordination on A and coordination on B, this theoretical conclusion demonstrates
a challenge when inferring the president’s priorities from his or her choice of coordi-
nation protocol. When the coordinating agencies have different cardinal preferences
over the possible policy outcomes (A and B) and they must pay a cost to pay at-
tention to the coordination protocol, the president will find it optimal to bias the
coordination protocol to favor the policy that maximizes the sum of the agencies’
payoffs (Figure 3.3a). In this setting, this will be indistinguishable from the president
favoring the agency with the “strongest” preferences between the two coordination
outcomes. Empirically, this might be reflected by a president who is otherwise in-
different between the two potential policies to draft presidential memoranda, policy
directives, or make staffing appointments that may seem as if she favors one agency
over the other.

On a related note, this prediction of the theory is also roughly consistent with
the president seeking to maximize the sum of the agencies’ payoffs (i.e., Benthamite
welfare maximization), which is also closely to equilibrium selection /forward induc-
tion arguments such as payoff dominance ([97]). This is not “why” the president

finds it optimal to bias the coordination protocol in this setting, but this again
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illuminates an inferential challenge for scholars attempting to distinguish between
different causal mechanisms that might guide presidential priority setting and cen-

tralization/coordination efforts.

3.5 Conclusion

Coordination problems are ubiquitous in bureaucratic policy-making. Accordingly,
presidents are inevitably confronted with the task of persuading agencies to work
together in pursuit of cohesive policy implementation. In this article, we have pro-
vided a game-theoretic explanation of how the alignment of preferences between the
agencies changes both the level of effort that the president will exert in achieving co-
ordination (i.e., how “reliable” the efforts will be), the policy “bias” in the president’s
coordination efforts. (i.e., how “fair” the efforts will be) optimal level of subsidy and,
ultimately, how the president’s incentives will affect agencies’ preferences over the
alignment of their interests with the agency that they are tasked with coordinating
their policy efforts.

Substantively, the model yields several conclusions. First, even if the president and
agencies have common preferences over policy, the possibility of presidential subsidy
provides the agencies with a second-order incentive to prefer some misalignment over
their policy preferences. This is because the possibility of miscoordination between
agencies induces the president to invest in more subsidy to facilitate their coordina-
tion. Such incentives highlight the importance of who gets to pick the agencies to
coordinate. When the president is given the power to pick a “counterpart” agency
for a given agency to coordinate policy with, he or she always prefers an agency with
ordinally aligned preferences; conversely, the given agency always prefers its coun-
terpart to be moderate but ordinally misaligned. Lastly, we consider the president’s

induced preferences over the fairness of the coordination protocol and show that he



100

or she generally benefits from an “unfair” coordinating device in which one of the
agencies is more likely than the other to have its preferred-policy chosen.

There are several directions one could extend the model to address related ques-
tions. For example, the agencies’ decisions are very black-boxed in the simple model
we presented in this article. Questions of staffing (e.g., [30], [156]) and investment in
expertise ([79, 84]) would be interesting explore when these decisions are foreseen as
potentially affecting the agency’s alignment with other agencies with whom they may
be tasked to coordinate in the future. Similarly, it would interesting to consider how
the possibility of these coordination efforts affects how voters and regulated inter-
ests should lobby legislators and how these legislators should respond to such efforts
([93, 94]). Finally, a common link between the various extensions that we see as most
interesting is that they extend the dynamic nature of the process modeled here (i.e.,
the president commits to a coordination protocol prior to the agencies then playing
a coordination game). There are many interesting and important phenomena one
could include in more dynamic model, such as learning by the agencies and president
([45]), disasters ([6], [87]), and agency capacity ([190], [192]). One of the appeals of
leveraging a framework similar to the one we have presented in this article is that the
coordination problem provides a natural way to capture notions such as endogenous

uncertainty and/or policy failures.
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Appendix A

Strategic Experiments Under

Regulatory Uncertainty

A.1 Proof

Proposition 16 If E[w |w < x+¢] >z —c¢, then it is optimal for Firm to fully learn

w >+ c and no other information.

Proof: 1f the experiment reveals that w > x + ¢, the posterior mean is s = w. Since
s > x + ¢, Firm chooses to go to court, resulting in a payoff of s — c. Conversely,
if w < x + ¢, the posterior mean is pooled, yielding s = E[w | w < 2 + ¢]. Since
s € (x — ¢,z + ], neither goes to court, and Firm receives a payoff of x. Graphically,
we can verify that the induced posterior means and the corresponding payoffs lie at

the intersection of the indirect utility function U(s) and the smallest feasible convex

function ¢(s):

T ifs<x+c
P(s) =

s—c ifs>x+c

which is a piecewise linear function that passes through the points (0,x), (z + ¢, ),
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and (1,1-¢). |

Proposition 17 If E[w|w < 2+ ¢] < x - c < Elw], then it is optimal for Firm to fully
learn w > s* and no other information, where s* is the value such that Elw|w < s] =

T —cC.

Proof: If the experiment reveals that w > s*, the posterior mean is s = w. Since
s > x + ¢, Firm chooses to go to court, resulting in a payoff of s —c. Conversely, if
w < s*, the posterior mean is pooled, yielding s = z — ¢. Since s = x — ¢, neither goes
to court, and Firm receives a payoff of x. Graphically, we can verify that the induced
posterior means and the corresponding payoffs lie at the intersection of the indirect

utility function U(s) and the smallest feasible convex function ¢(s):

(s*—x—c)s+(s*+x—c)c

¢(S) _ s*—x+c

s—c¢ if s> s*

if s <s*

which is a piecewise linear function that passes through the points (z-c, x), (s*, s*—c),

and (1,1-c¢). |

Proposition 18 IfE[w] <z —c¢, then it is optimal for Firm to fully learn w < s, and

no other information, where s, is the value such that E[lw|w > s] =z - c.

Proof: If the experiment reveals that w < s*, the posterior mean is s = w. Since
s < x—c, Regulator chooses to go to court, and Firm receives a payoff of s. Conversely,
if w > s*, the posterior mean is pooled, yielding s = x —c. Since s = x — ¢, neither goes
to court, and Firm receives a payoff of x. Graphically, we can verify that the induced
posterior means and the corresponding payoffs lie at the intersection of the indirect

utility function U(s) and the smallest feasible convex function ¢(s):

if s <s*
gb(S) - (xz—s*)s—s*c

if s> s*
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which is a piecewise linear function that passes through the points (0,0), (s*,s*),

and (z —c,x). |

Proposition 19 Both s, and s* decrease as I increases in the sense of first-order
stochastic dominance. Fquivalently, the equilibrium informativeness of the experiment

s mon-monotonic with respect to her prior belief about the product.

Proof: 1 examine the effect of F' on equilibrium cutoffs. First, consider cutoff s,,
which satisfies

Elw|w>s]=2-c

All else equal (including s, ), the right-hand side of the equation increases as F'
increases in the sense of first-order stochastic dominance. Thus, s, must decrease
for the equation to hold. In the high-risk equilibrium, information is revealed with
probability F'(s,). Consider F’ that first-order stochastically dominates F. Let
s«+ denote the cutoff in equilibrium given F’. Comparing F(s.) and F'(s,.), it
follows that F'(s.) > F’(s.) by the definition of first-order stochastic dominance, and
F'(s.) > F'(s«+) because the cutoff decreases in F'. Therefore, the probability that
some information is revealed decreases in F' for the high-risk case. At the “upper
bound” where E[w] - x — ¢, the probability reaches zero because s, — 0.

Second, consider cutoff s*, which satisfies

Elw|lw<s | =z—-c.

Similarly, all else equal, including s*, the right-hand side of the equation increases
as F increases in the sense of first-order stochastic dominance. Thus, s* must decrease
for the equation to hold. In the medium-risk equilibrium, information is revealed with
probability 1— F(s*). Similarly, consider first-order stochastically dominant distribu-

tion F” and corresponding cutoff s**. Comparing 1- F'(s*) and 1 - F’(s**), it follows
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that 1 - F(s*) <1- F'(s*) by the definition of first-order stochastic dominance, and
1-F'(s*) <1-F'(s**) because the cutoff decreases in F'. Therefore, the probability
that some information is revealed increases in F' in the medium-risk case. A similar
logic applies to the low-risk case, where the cutoff is constant at x + c.

To summarize, as F' increases in the sense of first-order stochastic dominance, the
equilibrium informativeness of the experiment initially decreases, eventually reaching
zero in the high-risk case. Subsequently, the informativeness increases in the medium-

and low-risk cases. [ |

Proposition 20 Firm’s equilibrium payoff is non-monotonic with respect to her sta-

tus quo payoff x. In particular, Firm prefers lower x if E[w] < x - c.

Proof: In the low-risk equilibrium, Firm receives

fo () dF(w) + f jc(w _0)dF ().

Consider a larger x' > x such that results in low-risk case equilibrium. Firm receives

[@ire) s [ @-oirw)
- [anare) s [T anare) s [ o)
> fo AP (w) + f j;+c(w—c)dF(w)+ [ ;(w-c)dF(w)
- [T@ire)+ [ (o odr)

which is larger than the payoff induced by the original x. In other words, conditional

on the low-risk equilibrium, Firm’s utility increases in x.
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In the medium-risk equilibrium, Firm receives

[ @are+ [[@-oare)
:/:*(wwtc)dF(w) +/:(W—C)dF(W)
- [ (@) dF(w) +2 A " (O)dF @) -c.

Note that s* increases in = because the right-hand side of the condition E[w|w < s*] =
x —c increases in x. Then, conditional on the medium-risk equilibrium, Firm’s utility
increases in x.

In the high-risk equilibrium, Firm receives

[7@are) - /Sj(x)dF(w)
- [C@ar) + [ @rdre)
- [ ()P (W) + A *l(c)dF(w).

Note that s, increases in x following a similar logic. Conditional on the high-risk
equilibrium, Firm’s utility decreases in x.

To summarize, Firm’s utility is non-monotonic in z: it increases in x in the low-
and medium-risk equilibria but decreases in x in high-risk equilibrium. Consequently,
under the high-risk equilibrium, Firm prefers to begin the game with a lower x, if

feasible. [ |

Proposition 21 Consider a low-risk case. Requlator prefers Firm’s choice of infor-

mation over no information if Elw] >z + ¢ and E[w|lw <z +¢] > .

Proof: In the low-risk equilibrium, Regulator receives

fomw(l —z)dF(w) + [ch(l ~W)dF(w).
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Without information, Firm goes to court because E[w] > x + ¢. Then, Regulator

receives

[ a-warw)
:fomu-w)dF(w)+[x+lc(1—w)dF(w)
< fomu _2)dF(w) + f;u - w)dF (w)

Qfomu_w)dF(w) < fom(l ~2)dF(w)
@/:+c(x)dF(w) < fom(w)dF(W),

which is equivalent to the assumption E[w|w < x + ¢] > . In other words, for the
low-risk case, Regulator prefers Firm’s choice of information over no information if
(1) Firm goes to court without information and (2) the prior distribution conditional

on w <z + c is skewed to the left of x. |

Proposition 22 Suppose players can bargain over their initial status quo division.

1. Firm always prefers to give up her pie and buy Regulator’s silence. The new
division results in collusion if the prior probability is high (m >1-2¢) and Firm

goes to court otherwise.

2. Regulator prefers to give up the pie in exchange for Firm’s silence only with

sufficiently high prior (m >1-2c).

Proof: In this proposition, I only consider an example of binary w. The complete
analysis of this version of the model is in Appendix A.5. For the pre-game settlement
to be feasible, there must exist Pareto improving x’. I first identify the set of such

x’. Then, I look for Firm’s optimal choice of x’ if it exists.

1. If Firm goes to court in equilibrium given the initial z, there does not exist

Pareto improving z’.
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2. If Firm fully reveals w in equilibrium given the initial z, there may exist Pareto
improving z’ such that induces mutual silence. This is because Regulator’s
payoff discontinuously jumps when the equilibrium transitions from Firm going

to court to mutual silence. Firm’s optimal choice of new division is

=mr+(l-max>1-c

3. If Firm partially reveals w = 1 in equilibrium, there may exist Pareto improving
2" such that induces mutual silence. Similarly, this is because Regulator’s payoff
discontinuously jumps when the equilibrium outcome transitions from Firm
going to court to mutual silence. Firm’s optimal choice of new division is

,_c+7r(1—w)

e(1- + 7).
l-z+¢ (I-c,cxm)

4. If Firm partially reveals w = 0 in equilibrium, there always exists Pareto im-
proving z’ such that induces mutual silence if ¢ > (1 - 7)/2 and Firm going to
court otherwise. This is because Regulator’s payoff is constant in x while Firm’s

payoff is decreasing in x. Firm’s optimal choice of new division is

' =c+m.

To summarize, if Regulator goes to court in equilibrium (after Firm partially
reveals w = 0), then Firm always has the incentive to offer 2/ = ¢ + 7 which is smaller
than the initial division z > ¢+ 7. If Firm goes to court in equilibrium (after Firm
fully or partially reveals w = 1), then Regulator may have the incentive to accept a
new offer 2’ > x such that induces mutual silence. The necessary condition for such

an offer to exist is 7 > 1 — 2¢, as implied by the conditions for z’ above. |
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A.2 Complete Characterization of Equilibrium

In this section, I provide a complete equilibrium analysis of the benchmark model.
As shown in Figure A.1, U(s) can take largely four different shapes depending on
x and c. First, Figure A.la shows that U(s) is constant at  when z € (1 - ¢,c).
Firm’s choice of G does not matter here; any s will lead to a subgame equilibrium
where both remain silent. Next, Figure A.1b shows that U(s) is already continuous
and convex when = < min{c, 1 - c}. This implies that Firm’s optimal choice here is to
generate perfect information.

The remaining two cases require further analysis because the indirect utility is
not continuous. Figure A.2 divides Figure A.lc into two subcases. Figure A.2a is
when the risk is low for Firm, i.e., E[w] > 2 — ¢. Without information, both players
remain silent and this is the best outcome for Firm. Therefore, Firm’s optimal choice
is to generate no information. Figure A.2b is when the risk is high for Firm, i.e.,
E[w] < z - ¢. Since Regulator goes to court without information, Firm pools w above
a cutoff to deter going to court. It follows that the optimal cutoff is s, such that
satisfies E[w|w > s.] =  — ¢, which is the minimal cutoff that deters Regulator going
to court.

Figure 1.2-1.4 in the main section are three subcases of Figure A.1d. Figure 1.2
is when the risk is low for Firm, i.e., E[w|w <z +¢] > 2 —¢. As shown by ¢(s), Firm
reveals w above z + ¢ and goes to court; both players remain silent otherwise. Figure
1.3 is when the risk is medium for Firm, i.e., Elwjw <  +¢] < x — ¢ < E[w]. Here,
Firm cannot induce mutual silence by pooling w below x + ¢. It follows that Firm
must employ a larger cutoff to do so. The optimal cutoff is then s* such that satisfies
E[w|w € s*] = 2 — ¢, which is the minimal cutoff that can deter going to court. Figure
1.4 is when the risk is high for Firm, i.e., E[w] < x —¢. This is equivalent to that from
Figure A.2b.

Figure A.3 illustrates how the equilibrium outcome depends on x and E[w]. For
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Figure A.1: This figure plots Firm’s indirect utility function U(s) of which shape
depends on x,c. The first case is when x € (1 — ¢,¢). The second case is when
x <min{c, 1 - c}. The third case is when = > max{c, 1 - ¢}. The fourth case is when

ze(c,1-c).
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Figure A.2: This figure plots Firm’s indirect utility function U(s) (black solid) and
the smallest feasible convex function ¢(s) (red translucent) above U(s), given = >
max{c,1 - c}. The left panel represents the case where E[w] < x — ¢. The right panel
represents the case where E[w] >z - c.
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Figure A.3: This figure plots how Firm’s optimal choice of the signal depends on
status quo x and prior mean E[w] given ¢ = 0.15.
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sufficiently small x, Firm fully reveals w because Regulator does not have the in-
centive to go to court for all beliefs. Then, Firm can perfectly learn w without any
consequence because information cannot be used against her. For sufficiently large
x and E[w], Firm learns nothing. This is because Firm is already satisfied with the
status quo, and Regulator has no incentive to go to court without information. For x
relatively larger than E[w], Firm reveals w below s,; this is when Regulator is confi-
dent enough to go to court without information. Therefore, Firm gives up the worst
states in order to induce mutual silence otherwise. For moderate x and sufficiently
large E[w], Firm reveals w above x + ¢ or s*; the exact cutoff is determined by the

condition E[w|w < z + ¢] <z — ¢. To summarize,

1. Firm’s choice of signal does not matter if = € (1 - ¢, ¢) because neither goes to

court for all beliefs.

2. It is optimal for Firm to fully learn w if < min{c,1 - ¢}. In the subgame,

neither goes to court for w < x + ¢ and Firm goes to court for w > x + c.

3. It is optimal for Firm to generate no information and induce mutual silence in

the subgame if max{c,1-,¢} <z <E[w]+c.

4. It is optimal for Firm to learn w above x + ¢ and no other information if 0 <
r—c< Elwlw < z+c¢] <E[w]. In the subgame, neither goes to court for w < x +¢

and Firm goes to court for w > x + ¢. This is the low-risk case.

5. Tt is optimal for Firm to learn w above s* and no other information if E[w|w <
r+c] <z -c<E[w]. In the subgame, neither goes to court for w < s* and Firm

goes to court for w > s*. This is the medium-risk case.

6. It is optimal for Firm to learn w below s, and no other information if E[w] < z—c.
In the subgame, neither goes to court for w > s, and Regulator goes to court

for w < s,. This is the high-risk case.
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A.3 Comparative Statics

In Proposition 5, I discussed the effect of status quo z on Firm’s utility. In this
section, I assess the effect of cost ¢ on Firm’s utility. In the low-risk equilibrium,

Firm receives

fomc(:v)dF(w) + /Q:C(w - c)dF(w).

Consider a larger ¢’ > ¢ such that results in the low-risk equilibrium. Firm receives

[ @ar@+ [ @-arw)
- [Twirw) = [T @irw) s [ - oare)
< [Twirw = [T w-aare) s [ @-odrw)
- [T @) [ -,

which is smaller than the payoff induced by the original c¢. In other words, conditional
on the low-risk equilibrium, Firm’s utility decreases in c.

In the medium-risk equilibrium, Firm receives

fo N(W)dF(w) +2 /0 " (OdF(w) - c.

Note that s* decreases in ¢ because the right-hand side of condition E[w|w < s*] =
x — ¢ decreases in ¢. Then, indirect and direct effects of ¢ on the second term of
the expression are countervailing. In other words, in the medium-risk equilibrium,
the effect of ¢ cannot be determined without further assuming the shape of prior

distribution F'.
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In the high-risk equilibrium, Firm receives

fo N(W)dF(w) + f j(c)dF(w).

Note that s, decreases in c¢. Therefore, conditional on the high-risk equilibrium,

Firm’s utility increases in c.

A.4 Exogeneous Absence of Information

In this section, I compare Regulator’s utilities between Firm’s choice of information
and the exogenous absence of information. In the low-risk equilibrium, Regulator

receives

/Om+c(1 -z)dF(w) + —/“16(1 ~w)dF (w).

Suppose E[w] > x + ¢. T have established that Regulator prefers Firm’s choice of
information if E[w|w < z + ¢] > 2 and no information otherwise. Suppose E[w] < z +c.
Then, neither goes to court without information. Regulator receives a payoff of 1-x.
In other words, Firm does not go to court for w > x + ¢ unlike in the baseline model.
Regulator prefers no information for this reason.

In the medium-risk equilibrium, Regulator receives

fos*(l—x)dF(w)+l*l(l—w)dF(w)
-1 [T @ar@) - [ (@iF)
- [ " (et ) dF(w) - | (@)dF ()
1= [(@iFE) - [ @dFw)

Suppose E[w] > s*. Then, Firm goes to court and Regulator receives a payoff of



114

1 - E[w]. Regulator prefers no information. If E[w] < s*, neither goes to court
without information. Regulator receives a payoff of 1 —z. Similar to the low-risk
case, Regulator prefers no information.

In the high-risk equilibrium, Regulator receives

[Fa-w-aarw) +_/;*1(1—x)dF(w)
_1- fos*(x)dp(w re)- fsj(x)dF(w)
:1-[OS*(x)dF(wc)-fsj(wc)dF(w)
:1—[01(w)dF(w)—c.

Without information, Regulator goes to court and receives a payoff of 1 - E[w] - c.
Regulator is indifferent between Firm’s choice of information and the exogeneous

absence of information.

A.5 Example: Binary State

Consider the limit case of the benchmark model where state w is binary. It is straight-
forward to apply the derived implications from the main analysis to this setting. How-
ever, it is useful to solve the model again with a concavification method as observed

by [112].

1. Firm’s optimal choice of signal does not matter if z € (1 - ¢,¢) because both

players remain silent for all beliefs.

2. Tt is optimal for Firm to fully learn w if x < min{c¢,1-c}. In the subgame, both

players remain silent for w = 0 and Firm goes to court for w = 1.

3. It is optimal for Firm to provide no information and induce mutual silence in

the subgame if z > max{c,1-c} and 7 >x - c.
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Figure A.4: These figures plot Firm’s indirect utility function U(s) (black sold) and
the smallest concave function that uniformly stays above U(s) (red translucent).

4. Tt is optimal for Firm to partially learn w = 1 so that induced posterior belief
(absent information) is z —c if x € (¢,1-¢) and 7w > 2 —¢. In the subgame, Firm

goes to court when w =1 is revealed, and both players remain silent otherwise.

5. It is optimal for Firm to partially learn w = 0 so that induced posterior belief
(absent information) is  — ¢ if 7 < z — ¢. In the subgame, Regulator goes to

court when w = 0 is revealed, and both players remain silent otherwise.

Note that low-risk case does not exist in a binary setting. Recall that the Bernoulli
distribution is an extreme case of dispersion given the mean; the risk is never low
enough to satisfy the condition E[w|w < x+¢] > 2 —¢. Based on this binary w setting,
I examine three extensions of the model. The first extension with the pre-game

settlement is presented in Proposition 7. I present the other two below.
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A.5.1 Privately Informed Firm

In this section, I present Firm’s interim optimal choice of signal when ex-ante optimal
choice unravels given private information. Recall that the ex-ante optimal experiment
unravels for high-risk (partially reveal w = 0) and medium-risk (partially reveal w = 1)
cases.

Suppose m < x —c¢ and = + ¢ < 1. Then, Firm’s ex-ante optimal choice is to reveal
w = 0 with probability gy such that satisfies 7/(7+(1-7)(1-¢qo)) = z—c. In equilibrium,
Regulator goes to court when w = 0 is revealed, and both remain silent otherwise.
Therefore, Firm knowing w = 0 receives (1 — ¢p)x and Firm knowing w = 1 receives
x in equilibrium. If Firm fully discloses, she instead receives 0 and 1 — ¢ for each w.
Therefore, Firm knowing w = 1 has the incentive to deviate from the ex-ante optimal
mechanism and reveal her knowledge. The signal can be interim optimal by choosing
smaller ¢ < gy because Firm can lower the posterior belief mean enough to induce
Regulator to go to court by doing so. Then, Firm knowing w = 0 receives 0 and Firm
knowing w = 1 receives 1. Essentially, it is interim optimal for Firm to not provide
any information.

Now suppose 0 < x —c <7 and x+c < 1. Then, Firm’s ex-ante optimal choice is to
reveal w = 1 with probability ¢; such that satisfies 7(1-q)/(7(1-q1)+1-7) =z —-c.
In equilibrium, Firm goes to court when w = 1 is revealed, and both remain silent
otherwise. Therefore, Firm knowing w = 0 receives x and Firm knowing w = 1 receives
¢1(1=¢)+ (1 - q1)x in equilibrium. As before, Firm knowing w = 1 has the incentive
to deviate from the ex-ante optimal mechanism and reveal her knowledge. Note
that Firm receives z when w is not revealed because Regulator chooses to remain
silent when the posterior mean is x — c. However, Regulator is, in fact, indifferent
between remaining silent and going to court here. By assuming that Regulator goes to
court instead, the same strategy becomes interim optimal because Firm now receives

¢1(1=c¢)+1-¢q;. This is the ex-ante optimal interim optimal because ¢; maximizes
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the probability that Firm receives 1, not 1 —c.

A.5.2 “Getting Tt Right”

Additionally, I consider an extension where Regulator’s objective is to “get it right”
rather than to pursue w = 0. Then, the payoff structure of the conflict stage is as

below.

Regulator

(2, | - w]) (w,—¢)

(w=¢,0) (w=¢,-¢)

Firm
a =z

Table A.1: Payoff Structure

Nash equilibria for the conflict stage are as follows.!
1. Both remain silent if (22 - 1)E[w|s] >z - c.
2. Firm remains silent and Regulator goes to court if (2z — 1)E[w|s] <z —c.

The indirect utility of Firm is

x if(2Qr-1)s>x-c
U(s) =
s if(2z-1)s<zx-c
As in the benchmark model, U(s) can take largely four different shapes depending

on x and ¢. When z € (1-c¢,c), U(s) is constant at x. Therefore, Firm’s choice of

G does not matter here; any s leads to a subgame equilibrium where both remain

Technically, another subgame equilibrium exists: Firm goes to court, and Regulator
remains silent if E[w|s] > x + ¢. This parameter space is a subset of the parameter
space that induces equilibrium where Regulator goes to court instead. Therefore, I

assume that Regulator goes to court when a multiplicity of equilibria exists.
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silent. When z < min{c, 1 - ¢}, Firm’s optimal choice of G is to fully reveal w by
connecting (0,z) and (1,1). This strategy is the same as that from the benchmark
model given same x and ¢. When z € (¢,1 - ¢), the utility is linear and continuous.
Therefore, Firm’s choice of G does not matter; any s leads to a subgame equilibrium

where Regulator goes to court.

q(s) l{ (s)
U0 1 U0 1
(a) ze(1-c,c) (b) < min{c,1 - ¢}
[{(s) l{ (s)
%0 1 %0 17
(¢) x >max{c,1-c} (d) ze(c,1-¢)

Figure A.5: This figure plots indirect utility depending on x and c.

When z > max{c, 1 - ¢}, there are four subcases:

e Case 1. If r< (x-¢)/(2x-1) and (z -¢)/(2z - 1) < z, Firm partially learns
w = 0. If w is realized, Regulator goes to court. Otherwise, both players remain

silent with posterior belief (x —¢)/(2z - 1).
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e Case 2. If 7 > (z-¢)/(2x—1) and (z - ¢)/(2x - 1) < x, Firm generates no

information. In the subgame equilibrium, both players remain silent.

e Case 3. If r<(z-¢)/(2x-1) and (z -c¢)/(2x — 1) > x, Firm generates no

information. In the subgame equilibrium, Regulator goes to court.

e Case 4. If > (z-¢)/(2x - 1) and (z - ¢)/(2z — 1) > z, Firm partially learns

w = 1. If w is realized, both players remain silent. Otherwise, Regulator goes to

court with posterior belief (z - ¢)/(2z - 1).

U(s)
1
x
O —C
0 T 2x-1
(a) Case 1
U(s)
1
‘T —
O —C
0 T 2x-1
(c) Case 3

U(s)
1
x
0 s
0 e 1
(b) Case 2
U(s)
1
I‘ —
0 S
0 B
(d) Case 4

Figure A.6: This figure plots Firm’s indirect utility given x > max{c,1 - c}. The red
translucent line is the smallest concave function that uniformly stays above U(s).



120

A.6 Heterogeneous Cost

I consider an extension where cost ¢ is heterogeneous. Specifically, assume that cp = ¢
and cg = ¢+ where c € (0,1) and v € (0,1 —¢). This implies that 0 < c¢p < cg < 1.
Then, the payoff structure of the conflict stage is as described below.

Regulator

(z,1-1x) (w,1-w-rcpg)

Firm
a =z

(w=-cp,1-w) (w=-cp, 1 -w-cg)

Table A.2: Payoff Structure

Solving for the Nash equilibrium for the conflict stage,

1. Firm remains silent and Regulator goes to court if E[w|s] < x - cg.
2. Firm goes to court and Regulator remains silent if E[w|s] > x + cp.
3. Both remain silent if E[w|s] € [x — cg,x + cF].
The corresponding indirect utility of Firm is
S ifs<zx-c—-v

U(s)=1 = if se[z—c—v,x+c]

s—c ifs>x+ec.

Note that the only difference from the benchmark model is the threshold that deters
Regulator from going to court. The equilibrium conditions are not too deviating

either:

1. Firm’s choice of signal does not matter if x € (1 —¢,c+ ) because both players

remain silent for all beliefs.

2. Tt is optimal for Firm to fully reveal w if 2 <min{c++,1-c}. In the subgame,

both players remain silent for w < x + ¢ and Firm goes to court for w > x + c.
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3. It is optimal for Firm to provide no information and induce mutual silence in

the subgame if max{c+~v,1-c} <z <E[w]+c+7.

4. Tt is optimal for Firm to reveal w above x + ¢ and provide no other information
if 0 <x-c-v<E[ww<z+c] <E[w]. In the subgame, both players remain

silent for w <z + ¢ and Firm goes to court for w >z +c.

5. It is optimal for Firm to reveal w above s* and provide no other information,
where E[w|w < s*] =x—c—~. Thisisif Ejww <z +c¢]<z-c-7v<E[w]. In
the subgame, both players remain silent for w < s*, and Firm goes to court for

w > s*.

6. It is optimal for Firm to reveal w below s, and provide no other information,
where E[w|w > s.] =2 —c—~. This is if E[w] < 2 — ¢—+. In the subgame, both

players remain silent for w > s,, and Regulator goes to court for w < s,.

As in the benchmark model, assume that x € (c+~,1-¢). It directly follows that as
v increases, the equilibrium changes to high-, medium-, and low-risk case.

Firm’s utility in the low-risk case does not depend on 7. Firm’s utility in the
medium-risk case is E[w] + P(w < s*)(c+7) + P(w > s*)(-¢), which increases in v
because the probability of going to court increases in . Firm’s utility in the high-
risk case is E[w] +P(w > s.)(c+7), which increases in . Next, Regulator’s utility in
the low-risk case does not depend on . Regulator’s utility in the medium-risk case is
1-E[w]-P(w < s*)(c+7), which decreases in . Regulator’s utility in the high-risk

case is 1 — E[w] — ¢ =7, which decreases in +.
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Appendix B

Bargaining for Longevity

B.1 Proofs
Proposition 23 Let A= (1-p)/(1-6(1-p)) and B=1/(1-90). In equilibrium,

e Party 1 offers x' = wy(1-0) and both parties never leave in equilibrium if

U.)2<B—A and (.4.)1+(U2<B.

o Party 1 offers x¥ = (1-6(1-p))ws/1—p and Party 1 will leave in equilibrium if

. 2
Wy < mm{%,fi} and wy +wsy > B.

e Party 1 offers 0 and Party 2 will leave in equilibrium if

w1 <A and wy,>B-A.

e Party 1 offers 0 and both parties will leave in equilibrium if

. 2
wi>A and w2>m1n{%,14} and wy +wy > B.

Proof: Not leaving is a weakly dominant strategy when w! = 0. Therefore, there are
four possible strategy profiles: 1) both never leave, 2) Party 1 will leave when w! = w;
and Party 2 never leaves, 3) Party 1 never leaves and Party 2 will leave when wk = ws,

and 4) both will leave when w! = w;.
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1. Consider the strategy profile where both parties never leave for all w!. Let V'
and W respectively denote Party 1 and Party 2’s continuation values. Then,

they satisfy the following Bellman equations:

V=1-2+06V and W =z+oW.

The solutions are

Conditions for such a strategy profile are as follows:
wi<l-z+6V and wy<x+dW.

It follows that offer x must be moderate to remove any incentive to unilaterally

deviate from this strategy profile. In other words,

(1-0)wy<x<1l—=(1-08)w.

2. Consider the strategy profile where Party 1 will leave when w! = w; and Party

2 never leaves for all wh. Then, they satisfy the following Bellman equations:
V=>0-p)1-2+dV)+pw; and W =(1-p)(x+IW).

The solutions are

_(1-p)A-x)+pwr and TV = (1-p)x

v 1-6(1-p) 1-6(1-p)
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Conditions for such a strategy profile are as follows:

w >1-x+0V and wy<(1-p)(z+dW).

It follows that offer x must be sufficiently large. In other words,

x> max{l - (1-9)ws, (1-o01 —p))WQ}'

I-p

. Consider the strategy profile where Party 1 never leaves for all w! and Party 2

will leave when w} = wy. Then, they satisfy the following Bellman equations:
V=>[0-p)1-2z+dV) and W =(1-p)(z+dW)+ pws.

The solutions are

A-p)A-2) o - Lop)z+pw

T Gy 6(1-p)

Conditions for such a strategy profile are as follows:
w <(1=-p)(1-2+6V) and wy>x+IW.

It follows that offer x must be sufficiently small. In other words,

~ (1-6(1-p))w
1-

T < min{l

,(1—5)w2}.

. Consider the strategy profile where both parties will leave when w! = w;. Then,

they satisfy the following Bellman equations:

V=>0-p)?*A-2+6V)+pw; and W =(1-p)*(z+5W) +pws.
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The solutions are

_-ppP-m)epw o (L-p)?r s po,

v 1-6(1-p)? 1-6(1-p)*

Conditions for such a strategy profile are as follows:
w>(1-p)(1-x+0V) and wy>(1-p)(x+dW).

It follows that offer x must be moderate. In other words,

L =80-p)en (101 -p)en
I-p I-p

These four cases together are exhaustive but not mutually exclusive. More specif-
ically, the first (both never leave) and the fourth (both will leave) cases may overlap
- the same offer = can lead to multiple equilibria. I assume that both parties never
leave in such a case. Since Party 1’s continuation value V' is decreasing in offer x
for all outcomes, Party 1’s optimal choice of x conditional on a fixed outcome is to
choose a minimum z such that results in the same outcome. Since x is between 0 and
1, such  may or may not be feasible depending on parameters wq,ws,d, and p. After
identifying the feasible minimum offer for each outcome, I compare the correspond-
ing utilities to derive the optimal offer and the subsequent equilibrium outcome in

Proposition 8. |

Proposition 24 Let x* be Party 1’s optimal offer in equilibrium as a function of
exogenous outside option wy. Conditional on sufficiently low outside option of Party
2, wy < (1=p)/(1=6(1-p)), there always exists some @y such that

lim z*(wp) < lim 2" (wp).
1

w1 —wf)I w1—w
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Proof: From Proposition 8, note that (1) neither af nor a* depends on w; and (2)
xt is always greater than zf. Therefore, the optimal offer as a function of w; is a
piecewise constant function of which the value discontinuously switches as the equi-
librium outcome changes. In particular, consider the second equilibrium. I rewrite

the conditions as follows:

(1-6(1-p)*)ws - Ap
Aop?

w1>maX{B—w2,C’E } and wy < A.

For the optimal offer to be z*, w; must be sufficiently high conditional on wy being
sufficiently low. Furthermore, the threshold for w; is always greater than 0 for all
values of wy, p, and §. Below the threshold, the optimal offer is either 0 or zf, which
are smaller than xf. Above the threshold, the optimal offer is x*. Therefore, the
left-hand limit of x* at the threshold is always smaller than the right-hand limit of

z* conditional on wy < A. [ |

Corollary 25 Party 1’s optimal offer x* in equilibrium is larger than half when
1. Party 1 concedes to stay and ws > 1/(2 = 20).

2. Party 1 concedes to leave and we > (1 -p)/(2(1-5(1-p))).

Proof: From Proposition 8, it directly follows that Party 2’s outside option should
be sufficiently low (wy < @y = B — A) for the optimal offer to be positive (zf > 0).
This is when Both never leave and 1 will leave. In the Both never leave equilibrium,
xt is greater than half when wy > 1/(2 - 26); in the 1 will leave equilibrium, =t is
greater than half when wy > (1 -p)/(2(1-9(1-p))). In other words, ws needs to
be sufficiently low but not too low for Party 1 to optimally offer more than half in

equilibrium. |
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Proposition 26 Let EU; be Party 2’s expected utility in equilibrium as a function
of exogenous outside option wy. Then, there always exists wy that satisfies

lim EU; (w2) > lim EU; (ws).
wa 03

w2 —wf)g

Proof: From Proposition 8, we know that the optimal offer and equilibrium outcome

depends on wy. Specifically, there are largely three cases of how the equilibrium shifts.

1. If wy < A, then equilibrium shifts from Both never leave to 2 will leave at

wy = B — A. The utility discontinuously drops.

2. If wy > A and min{(Ap + Aop*w;)/(1-6(1-p)?), A} < B —wy, then equilibrium
shifts from Both never leave to Both will leave at ws = B —w;. The utility

discontinuously drops.

3. If w; > A and min{(Ap + Adp?w,)/(1-6(1-p)?),A} > B —wy, then equilibrium
shifts from 1 will leave to Both will leave at min{ (Ap+Adp?w;)/(1-6(1-p)?), A}.

The utility discontinuously drops. [
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B.2 Additional Extension 1: Extracting from Party

2

In this section, I relax the assumption on Party 1’s choice of z. More specifically, I
allow Party 1 to choose any x € R instead of from an interval [0,1]. In particular,
the negative value of x represents an extraction by Party 1. If Party 1 could set a
negative x, i.e., demand |z| amount from Party 2 in each period, will things play
out differently? Party 1 does have a unilateral proposer power in the model, but
technically Party 2 has a veto power in the sense that it can leave from the very
first period in the maintenance stage. If he leaves in the first period, Party 2 will
receive his draw in that period and the partnership will end, meaning that Party 1’s
“unfair” allocation of resources won’t affect his payoff in any way. It follows from this
reasoning that with negative x, Party 2 might leave right away, especially given that
the minimum outside option payoff he can get is 0. However, the analysis shows that
this may not be the case. To keep the model parsimonious, I assume a homogeneous
outside option, i.e., w = w; = we. Below I summarize equilibrium outcomes and their

conditions.

1. Party 1 offers w(1-¢) and both parties never leave in equilibrium. This is when

: 1 P
< .
’ mm{%l—&’u—dxl—al—m%}
2. Party 1 offers —dpw and Party 2 will leave in equilibrium. This is when

D 1-p
(I-d)(1-d(1-p?) " T=6(1-p2)
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Both will leave
¥ = —0pw

2 will leave
T* = —d0pw

Both never leave
r*=w(l-9)

p
0 1

Figure B.1: Equilibrium Outcomes with Extraction

0=0.7

3. Party 1 offers —dpw and both parties will leave in equilibrium. This is when

1 1-p
C">mx{2(1—5)’1—5(1—p2)}‘

Figure B.1 illustrates the results. Somewhat surprisingly, we observe an equilib-
rium where Party 1 offers 2* = —dpw < 0 when w is sufficiently high and Party 2 does
not leave conditional on wi = 0. In other words, even when Party 1 demands |z| from
Party 2, the partnership still lasts for a positive amount of period; this is because
Party 2 is willing to pay the cost to wait for a potential high draw of outside option
w.

Results further show that parties are indeed more likely to leave the coalition in
this version of the model, but only to a very small margin. As we see in Figure B.2,

Party 2’s behavior changes only in the gray region. Under these conditions, Party
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Figure B.2: Optimal Compromise z* with Extraction
0=0.7,p=0.25
2 never leaves in the baseline model but leaves after drawing a high outside option
in this extension. However, Party 2’s payoff is strictly worse off than in the baseline

model because Party 1 can propose a negative x instead of 0.
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B.3 Additional Extension 2: Correlated Outside
Options

In this extension, I relax the assumption on the distribution of outside option w!. Let
7 be the conditional probability of outside option draws Pr(w; = ww} = w), as can be
seen in Table B.1. Positive correlation (r > p) means that if Party 1 draws w; in a
period, Party 2 is also more likely to receive that value and vice versa; if negatively
correlated (r < p), a higher draw of outside option for Party 1 means that Party 2 is
less likely to get one and vice versa. If r = p the two are independent. I assume a

homogeneous outside option.

wh=0 wh =w
wh=01|1-2p+pr p(l-r)
wi=w| p(l-r) pr

Table B.1: Joint Distribution of Outside Option Draws

I summarize the equilibrium conditions below.

1. Party 1 offers (1-9)w and both parties never leave in equilibrium. This is when

: 1 1-r (2-r)
W <mn {2(1—5)7 (1-5)(1135(1—;9)) ) max{1-5(1-p)a (1—5)(1f5+p+5p(2—r)) }} -

2. Party 1 offers (1-0(1-p))w/(1-r) and Party 1 will leave in equilibrium. This

is when

1 1-r 1-6(1-p)?
S — S y A S
2(1_5)<w<1_5(1_p) and r < p

3. Party 1 offers 0 and Party 2 will leave in equilibrium. This is when

1 1-r
2(1-6)> 1-6(1-p)>

min < w < max (2r)
. 1 2—r
(1—5)(155(1—10)) min { 2(1-9)° (1—5)(1f5+p+5p(2—7“)) }

and r > 2 -

1-§(1-p)?
TR
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4. Party 1 offers 0 and both parties will leave in equilibrium. This is when

1-r : 1 (2-r)
W > max { 1-3(1-p)> T { 2(1-3)’ (1—5)(1f5+p+§p(2—7”)) }} :

w

3
Both parties will leave
Party 1
will leave
Party 2
will leave Both parties never leave

0 r

0 1

Figure B.3: Equilibrum Outcomes with Correlated Outside Options
0=0.6,p=04
Figure B.3 depicts the equilibrium outcomes in this version of the model. Note
that the region between the two dotted lines in Figure B.3 denotes the area where
the equilibrium changes from both never leave to both will leave as r increases. In
other words, a more positive correlation between parties’ outside options may lead to
a shorter duration of agreement. This happens when:

P <w<min{ 1 P }
(1-6)(1+p-46(1-p)) 2(1-0)" (1 -06)(1-6(1-p))

Additionally, we see that there exists a region where parties are in agreement

over r. Both parties are willing to increase r and let their outside options be more
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positively correlated when:

1-r : 1 (2-r)
W > max { T-5(1-p) 1D { 2(1-9)° (1—6)(lf5+p+5p(2—r)) }} ~

One possible way is to interpret correlation parameter r as ideological diversity
between parties, where high » means that parties have low ideological diversity and
vice versa. In this regard, this result speaks to the studies on cabinet stability that
examine the influence of a government’s ideological diversity on its durability. While
most works find a strong positive association between ideological polarization and
the risk of cabinet termination [117, 125], some evidence conversely indicates a risk-
increasing effect of minimal connected winning coalitions [95, 168, 99, 106, 22, 122].
This model implies that these mixed empirical results are expected when parties’
outside option w is sufficiently moderate; a coalition of “strange bedfellows” made up

of ideologically divergent parties can in fact decrease the risk of breakdown.
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B.4 Additional Extension 3: Lower Breakdown Costs

I have assumed throughout the paper that a party’s defection is always costly to the
other party who had decided to stay. However, despite having faced a new election
involuntarily due to the other party’s defection, a party may still have a favorable
prospect in the period or enjoy some positive externality [3, 182]. Taking this into
account, [ assume in this extension that a party can still draw his or her high outside
option w; with probability p even when the other party has defected in the given

period. The payoff matrix is as follows:

Party 2
ab =0 Y ab =1
Tl (een [ e
—
£ aj=1 (wi,wh) (Wi, wh

Table B.2: Payoff Structure with Lower Breakdown Costs

I summarize the equilibrium conditions below.

1. Party 1 offers xt and both parties never leave in equilibrium. This is when

p(1-(1-0)pwr) 1
w2<(1_5)(1_5(1_p)) and w2<m—w1.

2. Party 1 offers 0 and both parties will leave in equilibrium. This is when

wy > p(1+5pw1) } .

: 1
and  wy > min { T=3(1-p+p?) * (1=0(1-p)?) (1-0+3(1-p)p)

1
1-§(1-p+p?)

3. Party 1 offers (1-6(1-p(1-p)))ws and Party 1 will leave in equilibrium. This
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is when

- 1-(1-6 1+6;
ﬁ —wy <woy < mln{ p(1-(1-0)pw1) p(1+5pw1) pwi }

(1-6)(1-6(1-p))* (1-0(1-p)?)(1-6+0(1-p)p)’ 1-0+6(1-p)p

4. Party 1 offers 0 and Party 2 will leave in equilibrium otherwise.

W9 )
3 3
=0 R =0
2 will o Both will
2 will leave
leave x5 =0 leave
Both will leave
z* =zt z* =t oS
* _ .1 1 will
Both never leave T =2 Both never leave
1 will leave
leave
0 w1 0 w1
0 3 0 3
(a) Baseline Model (b) Lower Breakdown Costs

Figure B.4: Comparison of Equilibrium Outcomes
0=06,p=04

Figure B.4 compares this extension with the baseline model where the defected
party always receives 0. Intuitively, with the relaxed assumption, we observe that
unilateral defection is more common than in the baseline model. This is coming
from the fact that now parties are less induced to leave when the other party leaves
since the party can still draw his or her high outside option with positive probability.
Further note that x* is always greater than z4. This is because it takes a larger offer
to convince Party 2 to stay in the agreement, given his risk of receiving 0 after Party

1’s defection.
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B.5 Additional Extension 4: Incorporating Audi-
ence Costs

In this extension, I add a parameter ¢ € (0,w) that captures the audience cost that
the defector incurs from abandoning the partnership. Below are the parties’ payoffs

in this version of the model; I assume homogeneous w.

Party 2
ab=0 Y ab =1
:> &i =0 (1-%,1’) (wt7wt_c)
R
—
~oaf=1 (wt —c,w?) (wt = c,w' - c)

Table B.3: Payoff Structure with Audience Costs

Note that when we assume the payoff structure to be identical to the baseline
model, adding ¢ does not affect any of the equilibrium outcomes so long as ¢ is not
too high, as this simply increases the parties’ disincentives to leave by c¢. In order
to make the game non-trivially different from the baseline model, I adopt the payoff
structure in Appendix B.4 where parties have an incentive to wait and “free ride” on
the opponent’s decision to end the coalition even if a positive outside option is drawn.
As in the baseline model, there are four cases: 1) both never leave, 2) Party 1 will
leave when w! = w; and Party 2 never leaves, 3) Party 1 never leaves and Party 2 will
leave when wi = wo, and 4) both will leave when w! = w;. There also are two types of

subgame equilibrium multiplicity in this version:

1. Cases 1 and 2 may coexist. As in the baseline model, I assume that Case 1

prevails.

2. Cases 3 and 4 may coexist. The multiplicity range is symmetric around 1/2
with respect to x. Therefore, I assume that Case 3 prevails when z > 1/2 and
Case 4 prevails when x < 1/2. In other words, a more dissatisfied party will

leave in equilibrium.
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I summarize the equilibrium conditions below.

1. Party 1 offers (1-6)(w—c¢) and both parties never leave in equilibrium. This is

when

c(-1+0)(1+8(-1+p))-p 1 }

u’<mm{(—1+5)(—1+5(—1 ) oo

2. Party 1 offers 0 and both parties will leave in equilibrium. This is when

N l+c+co(-1+p)-p
(-1+p)(-1+5+d6(-1+p)p)

w

3. Party 1 offers ((5+ %er) +(1-0(1-p(1-p)))w or 5 and Party 1 will leave in

equilibrium. This is when

c 1 1+c+ed(-1+p)-p

_ 1 1 (-1+5+p+0(-1+p)p)w
max{ Tep T O 2_25} S W < o) (G343 (= 1+p)p) :

and c¢> i3

4. Party 1 offers 0 and Party 2 will leave in equilibrium otherwise.

Figure B.5 illustrates the above result. First, Figure B.5a assumes zero cost of
defecting ¢ = 0. Note that the figure is different from the baseline model because of
the 1) homogeneous w assumption and 2) relaxed assumption on what parties receive
given the other party’s defection (payoff structure in Appendix B.4). Our equilibrium
of interest—the buyout equilibrium—still exists in this version, more specifically when
outside option w is moderate and the probability of drawing such outside option p is
high. Moderate w, although convoluted because it represents the outside option of
both parties, captures the intuition that the outside option is not too low that Party
1 wants to leave but is not too high that Party 1 can persuade Party 2 not to leave.
Sufficiently high p further increases Party 1’s incentive to leave.

In Figure B.5b where the cost of leaving ¢ is 1, we observe that the results are
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w w
3 4 Both will
Both will leave leave 1 will
X/ leave
2 will leave 1 will leave 2 will leave
Both never leave Both never leave
0 p 1 yZ
0 1 0 1
(a) No cost (c=0) (b) Audience cost (¢=1)

Figure B.5: Comparison of Equilibrium Outcomes
0=0.6
qualitatively consistent with the baseline model, with changes to the equilibrium
results in the expected direction. Notably, the region where Party 1 proposes x =0
and Party 2 leaves increases. This is because Party 1 is generally less incentivized
to offer a compromise to Party 2, as the presence of the audience cost deters Party
2 from defecting to a certain degree. Party 2, following an offer of 0, leaves after
he draws a favorable outside option. The buyout equilibrium is also present in this
version. Now, outside option w has to be higher to sustain this equilibrium, as Party
1 also has to pay the cost ¢ =1 in order to leave; probability p needs to be moderate,
as Party 1 is reluctant to offer Party 2 anything when p is low and she is unable to
persuade Party 2 to stay if it is too high. Other results are in accordance with the

baseline model.
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B.6 Additional Extension 5: Preferences for Com-
mitment

I additionally consider a version of the model where only Party 2 can decide whether
or not to withdraw from the partnership in the maintenance stage. Substantively, we
can interpret this as parties facing asymmetric audience costs where Party 1’s cost is
considerably larger than that of Party 2.1 For simplicity, I omit explicit considerations
of audience costs and simply compare the case where both parties can defect from
the partnership (baseline model) with the one where only Party 2 can choose to leave
(commitment model). Below I first lay out a complete equilibrium analysis of the
commitment model.

Now the maintenance stage is Party 2’s dynamic discrete choice problem. I first
solve for Party 2’s optimal stationary strategy with respect to wf, which depends
on x. Then, Party 1 will choose an optimal offer z* in the contracting stage in
anticipation of Party 2’s best response in the maintenance stage. Let W denote

Party 2’s continuation value. Party 2 prefers to leave when

wh > x + OW.

It immediately follows that not leaving is a dominant strategy when wf, = 0. Therefore,
Party 2 essentially has two different strategies: 1) never leave for all wi, and 2) leave

when w} = ws.

1. Consider the strategy profile where Party 2 never leaves for all wi. Then, the

stationary MPE requires that continuation value W satisfies the following Bell-

L If both parties are constrained to never leave the agreement, it is always a weakly

dominant strategy for Party 1 to offer nothing to Party 2.
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man equation:
W =xz+0W.

The solution for this equation is

Party 2 has an incentive to employ this strategy if Party 1’s offer is sufficiently

large:

x> (1-9)ws.

. Consider the strategy profile where Party 2 leaves when wf = wy. Then, the sta-
tionary MPE requires that continuation value W satisfies the following Bellman

equation:
W=(1-p)(z+W)+p-w,.

The solution for this equation is

T + pws

VTS

Party 2 has an incentive to employ this strategy if the offer is sufficiently small:

T < (1 - 5)(4)2.
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Let EU; be Party 1’s total expected utility as a function of choice x € [0,1]. Then,

ApA-2) f o < (1-0)w
BEU(z)=] 0P (1=0)

= if x> (1-0)ws.

Depending on exogenous parameters d, p and ws, Party 1’s optimal choice of offer and

the subsequent equilibrium outcome are as follows:

1. Party 1 offers xt and Party 2 never leaves in equilibrium if wy < @y,

2. Party 1 offers 0 and Party 2 will leave in equilibrium if wy > Wo,

where

o = p
T (-0)(1-4(1-p))

The equilibrium results for the baseline model are detailed in Proposition 9. Now I
merge the conditions of both models to compare parties’ utilities and establish results

on Pareto optimality. There are mainly six different cases.

1. Party 2 will leave in both models when

w1 <A and wy,> B-A.

Parties are indifferent between the two models. The condition requires a suffi-

ciently low w; and a sufficiently high ws.

2. Both parties never leave in both models when

LUQ<B—A and LU1+CU2<B.

Parties are indifferent between the two models. The condition requires suffi-

ciently low w; and ws.
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3. Both parties never leave in the commitment model and Party 1 will leave in the

baseline model when

Ap + Adp3w,
(1-6(1-p))

w2<min{ ,A,B—A} and w1 +wy > B.

Party 2 is indifferent between the two versions; Pareto optimality is established
by Party 1’s preference. If wy < B, Party 1 prefers the commitment model, and

Party 1 prefers the baseline model otherwise.

4. Both parties never leave in the commitment model and both parties will leave

in the baseline model when

Ap + Adp2w,
(1-6(1-p)?)’

w; >A and min{ A}<w2<B—A and wy +wy > B.

Party 2 always prefers the commitment model. If Party 1 also prefers the

commitment model, then Pareto optimality is established. This is when

(1-6)(1-6(1-p)*)ws<p(2-p-(1-6)wr).

The conditions require moderate w; and wy. Party 1 prefers the baseline model
otherwise; parties’ preferences over the institutions diverge in this case. The

conditions require moderate (but relatively higher) w; and ws.

5. Party 2 will leave in the commitment model and Party 1 will leave in the

baseline model when

Ap + Adp2w,
(1-6(1-p)?

B—A<w2<min{ ),A} and wp +wy > B.

Both parties always prefer the baseline model; Pareto optimality is established.

The conditions require a sufficiently high w; and a moderate ws.
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6. Both parties never leave in the commitment model and both parties will leave

in the baseline model when

Ap + Adp2w,
(1-6(1-p)?)’

w; >A and w2>maX{B—A,min{ A}} and wy +wy > B.

Party 1 always prefers the baseline model, while Party 2 always prefers the
commitment model; parties’ preferences for institutions diverge. The conditions

require sufficiently high w; and w,.
Rearranging these conditions derives the implications stated below:

1. If either w; or wy is sufficiently low, parties are indifferent between the two

models.
2. If both w; and wy are sufficiently high, parties’ preferences diverge.

3. If both w; and ws are moderate, both parties are weakly better off in the com-

mitment model.

4. If wy is sufficiently high and ws is sufficiently low, both parties are weakly better

off in the baseline model.

Now consider Party 1 and Party 2’s welfare in comparison with the results from
the baseline model. We can observe that parties may agree on which game to play.
Both parties may prefer that Party 1 commits to the partnership and be unable to
leave; conversely, they may want Party 1 to have the option to leave. The red dotted
lines in Figure B.6 and B.7 represent the model with commitment, while the black

lines represent the results without commitment (baseline model).

Figure B.6 illustrates the case where both parties favor Party 1’s inability to leave.
From Figure B.6a, we see that Party 1 in general is better off without commitment.

It would seem clear that increasing Party 1’s flexibility in her choice to leave can only
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(a) Party 1 (b) Party 2

Figure B.6: Comparison of Equilibrium Expected Payoffs
0=0.6,p=04,w =1.5
increase Party 1’s expected payoff. Similarly, one might think that Party 2 can not
be helped by Party 1’s increase in flexibility. However, this possibility, if foreseen by
Party 2, introduces a credibility problem that becomes more costly for Party 1. When
Party 2 has a moderate outside option, he is better off receiving the continued stream
of payoff in the partnership rather than taking a not-too-high outside option and
leaving, but with the possibility of Party 1’s “betrayal” in the extension model he is
incentivized to leave. With Party 1’s credible commitment, Party 2 is now willing to
never leave. Party 1 may thus prefer to concede her ability to leave the partnership in
return for a longer duration of the coalition. This happens when the outside options

of parties are moderate (shaded region in Figure B.6a).

Figure B.7 represents an opposite case. Party 1’s outside option w; is very high
that given these parameters, for any value of wy Party 1 ultimately leaves the agree-
ment after she draws w;. One might think that Party 2 would prefer that Party 1
commits to the relationship and never leaves, since otherwise he knows that Party 1
will leave with certainty in the future. Somewhat surprisingly, there is a region where

Party 2 is better off when Party 1 is able to leave the agreement. This is closely re-
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Figure B.7: Comparison of Equilibrium Expected Payoffs
0=0.6,p=0.1,w1 =9.5
lated to the mechanism behind the buyout equilibrium (see Figure 2.2) where Party
1 concedes by offering Party 2 a larger share of resources in exchange for a secure
exit strategy in the future. This shapes Party 2’s preference for institutions, as he
may prefer Party 1’s ability to withdraw from the agreement since this increases her

willingness to compromise.

Figure B.8 is a graphical illustration of the above results. Put together, there
exist regions where parties agree on the institutional choice. When w; and wy are
“not too low, not too high,” both parties may prefer to have Party 1 commit to the
partnership. Party 1 proposes more in the baseline model but prefers to do so, as this
induces Party 2 to stay in the partnership longer. When w; is sufficiently high but wy
is sufficiently low, both parties may conversely prefer that Party 1 has the ability to
leave the partnership as implied by Figure B.7. Additionally, when either w; or ws is
sufficiently low, parties are indifferent between the two games because the equilibrium
outcome is perfectly identical for both models. Otherwise, parties disagree on their

preferred game choice.
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Figure B.8: Parties’ Preferences Over Games

§=0.6,p=0.4
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B.7 Additional Extension 6: Incorporating Rene-
gotiation

In this section, I allow Party 1 to make a second offer z’ to Party 2 when he unilaterally
announces that he will leave. I assume homogeneous w; I further fix § = 0.6 and
p = 0.4 for tractability. If Party 2 accepts the offer, each party receives (1 -2/, z'),
and the game proceeds to the maintenance stage governed by a new allocation of
x'. Renegotiation succeeds with probability o; with probability 1 — o, the game
immediately ends as in the baseline model. As o tends to zero, this extension becomes
equivalent to the baseline model without renegotiation. As ¢ increases, renegotiation
is more likely to succeed.

I solve this extension by backward induction. I first examine what the optimal
offer by Party 1 and the corresponding subgame equilibrium is given that Party 2
decides to leave. Then, I analyze what the initial offer of Party 1 will be given that
Party 2 can ask for renegotiation later in the bargaining process. If Party 2 announces
to leave after drawing w, Party 2 accepts the new offer 2’ if 2/ + 5W($’ ) > w where W
is the continuation value of renegotiation outcome given z’. If Party 2 announces to
leave after drawing 0, Party 2 accepts new offer 2/ since ' + 6W (') > 0. It is always
better for Party 1 to achieve any renegotiation since 1 — x’ + (517(:1:’ ) > 0; in addition,
Party 1 aims to maximize the LHS conditional on acceptance.

It follows that Party 1 always has the incentive to renegotiate because it is always
better to prolong the game for at least one more period than to end the game with a
zero payoff. Therefore, the feasibility of renegotiation solely depends on the existence
of new 2’ that can convince Party 2 with a positive outside option to stay. I summarize

the equilibrium conditions below.
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1. Party 1 offers zf and both parties never leave in equilibrium. This is when

o 25(1-0) . {15 60—15w1}
Wy < Min ,max{ ———~ min{ —, ——— .
2 2(8-50) 16 49

2. Party 1 offers 0 and Party 2 will leave in equilibrium; after renegotiation, Party

1 offers 2t and both parties never leave. This is when

25(1-0) | {15 60—15w1} 5 — 2wy
maxy————=,miny —,————  t <ws < .
2(8 - 50) 16" 49 2

3. Party 1 offers 0 and Party 2 will leave in equilibrium; after renegotiation, Party

1 offers & = 68wy /125 and both parties will leave. This is when

5—2w1
2

. {125 735 — 384wy + 250 (25 + 6wy ) }
<wy <Mmin{ —, )
68 3400

4. Party 1 offers 0 and Party 2 will leave in equilibrium; there is no counteroffer.

This is when

{125 5—2w1} 15
Wo > Mmaxy —, and wp < —.
68 2 16

5. Party 1 offers & = 16(5 + 20)wy /75 and Party 1 will leave in equilibrium. This

is when

. 75(1-0)(25+6w1) 675+162w
5— 2w mm{ 39204320 2288 )
< Wwy < Mmax
2 min 375(1-0)(25+6w1)  675+162w;
4352(5-30) 3920

6. Party 1 offers 2t and Party 1 will leave in equilibrium. This is when

{5—2w1 675 + 162w1} 15(49 - 400)(25 + 6w;)
max ) <wy < .
2 2288 38416 - 81600
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7. Party 1 offers z = 2(2270 - 45)/375 and both parties will leave in equilibrium;

after renegotiation, Party 1 offers zt and Party 1 will leave. This is when

5— 2w, 375(1-0)(25 + 6w;) 675 + 162w,
max , Wy < ——— .
2 4352(5 - 30) 3920

8. Party 1 offers 0 and both parties will leave in equilibrium; after renegotiation,

Party 1 offers t and Party 1 will leave after renegotiation. This is when

{5 — 2w, 675+ 162w, T5(1-0)(25+6w;) } 675 + 162w,
max , , Wy < ————
2 3920 3920 — 4320 2238

9. Party 1 offers 0 and both parties will leave in equilibrium; after renegotiation,

Party 1 offers & and both parties will leave. This is when

5-2w; 735-384w; +250 (25+6w )

2 ) 3400 Y 125
max <wy < —.
675+162w; 15(49-400)(25+6w1) 68
2288 7 38416-8160c

10. Party 1 offers 0 and both parties will leave in equilibrium given x* = 0; there is

no counteroffer. This is when

125 15

we>— and w;>—.

68 16
Figure B.9 illustrates Party 1’s optimal offer in both the initial bargaining stage
and the renegotiation stage, as well as the corresponding equilibrium outcomes. Equi-
libria with the same initial bargaining outcomes are colored in the same shade. As
expected, Party 1 offers 0 more often in this extension since she can simply offer more
to Party 2 after Party 2 announces to leave. Successful renegotiation with z’ > 0 after

an initial offer of 0 occurs when Party 2’s outside option w, is moderate. Further

notice that the logic of the buyout equilibrium is still present. When w is sufficiently
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%)

2 will leave (0)

2 will leave (0)
= Both never leave (zt)

Figure B.9: Equilibrium Outcomes with Renegotiation
0=0.6,0=0.8
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high relative to wo, Party 1 in equilibrium concedes to Party 2 but leaves after draw-
ing a high outside option. With renegotiation, however, there exists an additional

equilibrium where Party 1 “buys” Party 2’s cooperation only after renegotiation.
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B.8 Additional Extension 7: Continuous Outside
Options

In this section, I re-solve the baseline model using a continuous distribution and
show that the results extend outside the Bernoulli distribution setting. I set w; to be
distributed continuously according to a Normal(u, o) distribution. I choose Normal
distribution as a conservative test to examine if the results still hold for an unbounded
and continuous distribution. Unfortunately, we are unable to get closed-form solutions
with the distribution; I instead run simulations and report numerical solutions to
provide insight into how the parameters in my model affect the equilibrium behavior of
parties. Specifically, I examine the effect of changes in mean p, which best represents

the changes in the size of outside options. We first know that
1. Party 1 leaves when 1 -z + 0V <wt,
2. Party 2 leaves when x + dW < wh.
With the distributional assumption, the probability that each party leaves can be

expressed as

P=1-®(1-x2+0V;pu;,0) and

Q: 1—¢($+5W;M2,0—),

where ® is the cumulative density function (CDF') of Normal distribution given p; and
o. In equilibrium, continuation value V' and W must satisfy the following Bellman

equations:

V=(1-P)(1-2+0V)+P-Elwijw; >1-2+dV] and

W=(1-Q)(z+W)+Q-E[ws|ws >x+IW].
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Below I provide numerical results for parameter values 6 = 0.6 and o = 1.

1 3 1
0.8 0.8
0.6 : 0.6
N
S}
0.4 0.4
1
0.2 0.2
0 0
1 2 3

Hy

(a) Probability that Party 1 Leaves (b) Probability that Party 2 Leaves

Figure B.10: Probability that Parties Leave
0=0.6,0=1

First, note that by assuming that outside options are normally distributed, draws
of outside options can be infinitely large numbers. Equilibria where parties never leave
are therefore impossible because there is always a positive probability that the outside
option is better than what Party 1 can offer.? Otherwise, however, the main dynamics
of the game do not largely change relative to the baseline model. From Figure B.10a
and B.10b, we can see that when p; and ps are both low, the probability of leaving is
low for both parties (which is the region where both parties never leave in the baseline
model; see Figure 2.1). When g, is high but ps is low, the probability of leaving is
high for Party 1 but low for Party 2 (Party 1 will leave in the baseline model). When
p1 is low but ps is high, the probability of leaving is low for Party 1 but high for
Party 2 (Party 2 will leave in the baseline model). Lastly, when p; and us are both
high, the probability of leaving is high for both parties (both will leave in the baseline

model).

2 See [116] for a model of strategic election timing that uses a dynamic optimal stopping

problem with continuous shocks.
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Appendix C

Coordination in Bureaucratic

Policy-Making

C.1 Online Technical Appendix

In this section, we provide derivations and proofs for the claims made in the body of

the article.

Proposition 27 The probability of coordination in the mixed strategy equilibrium is

strictly increasing in « € [0,1].
Proof: The probability of coordination in the mixed strategy equilibrium is

a 2—a+2—a a
2 2 2 2

a2 -a)
5

Its first partial derivative with respect to «, 1 — «, is larger than 0; the probability is

therefore strictly increasing in « € [0,1]. |

Proposition 28 In equilibrium, P’s investment in reliability, c*(«), is strictly de-

creasing in the agencies’ common alignment, o, and P’s expected equilibrium payoff
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18 1Ncreasing in o.
Proof: Recall that P’s equilibrium expected payoff depends on o and ¢:

.04(2—04) 2

EUp(c|la)=c+(1-¢) 5

With this in hand, it is simple to derive P’s optimal reliability, ¢*(«):

. 2 -2+ a?
¢(a)= 2

which is decreasing in « € [0, 1], and P’s corresponding equilibrium payoff is
EUj(a) = L (a? —2a—2)2
P 16 Y
which is increasing in a € [0,1]. |

Proposition 29 For any given m € [0, 1], Agency 1’s equilibrium expected payoff with

endogenous reliability is maximized by o defined by the following:

1 ifﬂ'S 1/2,

a"=1a(m) e (0.8,1) if me(Y/2,0.629382),

0 of m>0.629382,
where a(7) is a strictly decreasing function of m for all w € (/5,0.629382).
Proof: Agency 1’s equilibrium expected payoft is

2-2 2 2-2 2
22000t (g gy, 2220k

. (C.1)

2-2 2 2 -
-(1—7r)~a+(1— oz+oz).a. a

4 2
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First, Equation C.1 is increasing in « if 7 < 1/2. Therefore, Agency 1’s equilibrium
expected payoff is maximized at o = 1. Second, this equation is decreasing in « if 7
is approximately larger than 0.727083.! Therefore, Agency 1’s equilibrium expected
payoff is maximized at « = 0. Lastly, Equation C.1 is decreasing then increasing then
decreasing in o otherwise. Therefore, we need to consider two maximizer candidates:
the second root of the first-order condition and « = 0. It follows that the second
root maximizes if 7 is approximately smaller than 0.629382 and « = 0 maximizes

otherwise. |

Proposition 30 Consider P and Agency 1’s induced preferences over ay given as.

o P always prefers the agencies to be ordinally aligned. When oy < 1, she chooses

g =2; when aq > 1, she chooses ap = 0.

o Agency 1 always prefers the agencies to be ordinally opposed. Its optimal choice

Q5 INCTEases in ov.

Proof: In order to prove the proposition, we first provide a detailed analysis of our
extended model of subsidized coordination with endogenous fairness. In this version,
we (1) allow the agencies to have different alignments, (2) incorporate agencies’ pri-
vately observed attention cost ¢; € R drawn from a Uniform[0, k] distribution, and

(3) allow the president to choose the fairness of the protocol 7.

The Agencies’ Incentives. FEach agency makes two choices in the process, but
we focus on the observation decision. The only restriction we are imposing on the
agencies’ choice of a; is that the agencies play the mixed strategy equilibrium unless

both agencies pay attention to the recommendation. We now turn to this decision.

I The exact value is (3 +2V/2v/3 - 3)/6.
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Uniformly Distributed Costs of Attention. Supposing that ¢; and e, are each
independently distributed according to the Uniform[0, k] distribution for some fixed

and known £ > 0, Agency 1 should observe the recommendation if

a7

< pime)- (rons (1-m- 2) @-an) (- Z) @-a) + (1-m as).

and Agency 2 should observe the recommendation if

€ < p§(7r,c)-c2-(7ra1+(l—ﬂ—%)(Q—al))((ﬂ—%)(2—042)+(1—7r)a2).

Thus, in any equilibrium, the agencies’ cutoffs, €] & €5, must satisfy the following:

€ = e{-cz-(7?041+(1—7T—%)(2—a1))((7r—%)(2—ag)+(1—ﬂ)a2),
€ = 65-02-(7Ta1+(1—7?—%)(2—041))((7T—%)(2—042)+(1—7T)a2),

There is always an equilibrium in which neither agency pays attention (€7, €3) = (0,0).
When a positive attention equilibrium exists, there is an equilibrium in which both
agencies observe the recommendation with probability 1 (i.e., ¢ = k for both i €

(2

{1,2}). Such an equilibrium exists if and only if

k<k*(a,m) == ((1 —2)? +4(a - 1)) (a3 - 4(a2 - D).

A

The Principal’s Optimal Fairness 7*(a). P’s optimal protocol design is to max-
imize k*. Note that k* is a convex function of 7 if agencies are aligned, and a concave

function of 7 if misaligned. k*(a,m) >0 for all 7. It follows that P’s optimal design
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when agencies are aligned is

1 if 04121,042<1
m(a) =
0 if C¥1<1,04221.

When the agencies are misaligned, P chooses

0 if #(a)<0
m(a) =1 #(a) if #(a)e[0,1]

1 if 7(a)>1
where
1/2 iqu:aQ:l,
(o) =
% (ozg T 1_1al - ﬁ + 4) otherwise.

The Principal’s Optimal Investment ¢*(«). Conditional on «, 7, and k, P’s

optimal investment is

il +2-a-ai(2-ag)) it k<k*(a,m),
R ke ) (c2)

if k> k*(a, ).

o

Note that Equation C.2 implies that ¢*(a) is independent of 7. This is for two

reasons:

1. P is assumed to be focused only on maximizing the probability of successful
coordination, independent of which of the two outcomes is achieved (i.e., P is

indifferent between (A, A) and (B, B)).

2. P’s optimal choice of coordination protocol, 7*(«a), is chosen to equalize the
marginal impact of ¢ on the equilibrium probability that Agency 1 will pay at-

tention and its marginal effect on the equilibrium probability that Agency 2 will
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pay attention, because the two values are complements from P’s perspective.

Second, as either agency’s preferences become more aligned, P will in equilibrium

invest less in coordination when either or both of the agencies are more aligned:

dc* () <0

a;

, for each i e {1,2}.

Choosing “Agency 2.” P’s equilibrium expected utility is

a1+ Qg — 1o
2

(a)+ (1-c*(a)) (c*(a))? (C.3)

Equation C.3 is increasing in as if oy < 1. Therefore, oy = 2 maximizes the utility.
This equation is decreasing in ap if ay > 1. Therefore, as = 0 maximizes the utility.

Agency 1’s equilibrium expected utility is
. . . ooy (2—a)ag
(@) (" (@)an + (1 -7 (@) (2~ 1)) + (1= ™)) ——"—

Note that 7* is decreasing in as. First, suppose that a; < 1. Then, the function
displays the following features: decreasing in cs when 7*(«) = 1; convex in g when
7* () € (0,1); decreasing in ap when 7*(«) = 0. Therefore, we need to consider two
maximize candidates: the smallest s such that 7*(«) = 0 and ay = 0. It follows that
the maximizer is always the smallest ay such that 7*(«) = 0. Formally, this is ay
such that satisfies 7(«) = 0: i.e.,

(2 —041)(2 - — \/8 — (8 —Ozl)ozl)

2(0[1 - 1)

This is always smaller than 1 (ordinally opposed) and increasing in «;.
Second, suppose that «; > 1. Then, the function displays the following features:

increasing in as when 7*(«v) = 1; convex in ay when 7*(«) € (0,1); increasing in s
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when 7*(a) = 0. Therefore, we need to consider two maximize candidates: the largest
o such that 7*(«) = 1 and ap = 2. It follows that the maximizer is always the largest

ag such that 7%(«) = 1. Formally, this is as such that satisfies 7(a) = 1: i.e.,

2\/(]./1(4+O[1) -4
vor(d+ap) -4+

This is always larger than 1 (ordinally opposed) and increasing in «;. |
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C.2 Additional Illustrations of the Model

C.2.1 Incentive Compatibility in Costly Coordination

E* (o, )

0.95

(a) a1 =0.25

Figure C.1: Regions of 7*

E*(a, ) k* (o, )
0.256 0.65
0.245 - T 0
T 1
(b) a1 =1.1 (¢) aq = 1.75

Figure C.2: Maximum Cost of Attention that Agencies are Willing to Incur, as = 1.1

Figure C.2 illustrates the maximum costs of attention that agencies are willing to

incur when as = 1.1, i.e., the red dotted line in Figure C.1. Each subfigure of Figure

C.2 corresponds with the labels on the dotted line. Similarly, Figure C.3 denotes P’s

optimal choice of fairness 7*(«) given different alignment values. Note that when the

agencies are aligned in terms of their preferences, P’s choice is always degenerate.
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7-‘-*
0.5
: a 5 a
1 SR 1 9
(a) a1 =0.25 (b) a3 =1.1 (¢) a1 =1.75

Figure C.3: Principal’s Optimal Choice of 7

When they are misaligned, P may choose a non-degenerate 7*(a) or a degenerate
value that favors an agency with a stronger preference. Given these values of k*(«, )

and 7* (), each agency’s expected payoffs from its observation choice are as follows:

U@ =1) = pi(m.e)-e (ron s (1-m)(2-an) + (1-ps(me) o) HEZ0) o
U =0) = 20 g
BUy(r=1) = pi(m.c)-c-(x(2-as) + (1-man) + (1-pi(m.c) - ) 20D g,
EUy(wy=0) = 22C792) g

2

Thus, Agency 1 should observe the recommendation if

IN

€1

py(m,c)-c- (7ra1 +(1-m)(2-) - M),
(

7r041+(1—7r—%)(2—a1)),

IN

ps(m,c)-c-

and, similarly, Agency 2 should observe the recommendation if

€ < pi’(ﬂ,c)~c~(7r(2—oz2)+(1—ﬂ)a2—%ﬂ2)),
< pI(W,c)-c-((ﬂ—%)(2—a2)+(1—7r)a2).
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Thus, given p;, Agency 1 will pay attention with probability

a7

pi(my | me)=F (pg(ﬂ,c) c (7ra1 + (1 -7 - ?) (2—a1))),

and, given pj, Agency 2 will pay attention with probability
a
pi(ri | m) = Fo(pi(mc) e (- 2) 2 a2) + (1= m)aa) ).

C.2.2 Defining M, B, and A

Here we define the region of alignments, M c [0,1]?, in which P’s optimal coordi-
nation protocol is locally sensitive to « = (a1, ). To do this, define the following

intermediary regions:

X(a) = {ae[0,1]2:2a1(042—1)>(a2—2)(a2+\/(a2—8)042+8—2)},
Y(a) = {ae [0, 1]2:2a1a2+a2\/a2(a2+4)—4+4<2041+042(oz2+4)}, and
Z(a) = {ae [0, 1]2:a2+2§2\/§}.

Then, M is defined by the following:
M=X(@)n (V@) z()

and the regions B and A are a partition of the complement of M in [0, 1]?:

21 (ay — 1) + an (\/OéQ(Oég +4) —4—4) +4> a2, and

21 (aa - 1) < (ap - 2) (ozg +/ (g = 8)ag +8 - 2).

o~
I
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C.3 A Strategic Communication Extension

In this appendix, we apply the results of [? | — who consider one-sided and two-sided
pre-play cheap talk communication — to our framework.
Suppose that the players know that they will eventually play the game displayed

in Table 3.1, for exogenous and commonly known « € [0, 1]:

A B

A (a, 2-)  (0,0)
B| (0,0) (2-a,«)

Prior to playing the game, however, the players can send messages to each other.
For simplicity, we will suppose that the players can communicate using a restricted
message space consisting of exactly two messages, m € {A, B}. Following [? | and
other scholars (consider [717 |, [167], and [72]), we assume that these messages
are endowed with intuitive meaning (and this is common knowledge between the
players): message m € {A, B} corresponds to recommending the a = (m,m) action
profile. Finally, there is a third “message” that either player can send whenever it is
their turn to send a message. We denote this message by m = ¢, which corresponds to
the player in question unilaterally terminating the communication stage and moving
the players from the pre-play communication stage into the coordination game.

While the messaging protocol is cheap talk, communication is potentially costly.?
Time is assumed to be discrete, across periods ¢ € {1,2,..., T}, where T is exogenous,
common knowledge, and T" = oo is possible. In each period ¢, exactly one player will
be the sender in any given time period and the identity of the message sender in each

period t is common knowledge at the outset of pre-play communication. Each message

In game theoretic terms, a messaging/signaling protocol is “cheap talk” if the cost of
sending any given message is identical for all messages and independent of any other

payoff relevant factors, even if the cost is positive.
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sent (other than m = ¢) costs both players v > 0. Thus, if communication takes n
periods, the players final payoffs are as given in Figure C.4. A (possibly empty)
ordered list of messages, (my,ma,...,m,) is a conversation. If the list contains
only one element, m; € {A, B} or if m, = m,_1, then the conversation reached an
agreement. If agreement is not reached, then the players are assumed to play the
focal equilibrium, which in this case is the unique mixed strategy equilibrium of the

game displayed in Table 3.1 (see Assumption 1 in [? ]).

A B
A (Oé—n"%z_a_n'/y) (—n"y,—n-v)
B (-n-v, -n-v) 2-a-n-y,a-n-v)

Figure C.4: Communication Game Payoffs; Given n € {0,1,...} Periods of Commu-
nication

Following [? ],? define the following thresholds:

a2
Y= 77
2 _ )2
T2 = ( a) ) and
2
. [a? (2-a)? }
= - 2
Y3 mln{ 4 ) 6 )
Notice that
Col it a>2.V/6-4%0.09,
V3=

2

o if a€(0,2-v/6-4),

4

3 To make the comparison as clear as possible, note that the notation in [? | reduce to

the following within the framing presented in Table 3.1:

A B

A (b,a) (0,0)
B | (0,0) (a,b)
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and, because « € (0, 1],

Y3 <71 <72

“Pure Communication” Equilibria. We first consider SPNE in which players
use deterministic (“pure”) communication strategies. The only outcomes of the com-

munication game that can be supported in a SPNE are as follows:*

1. Immediate Concession (IC): Player 1 sends m; = A and Player 2 ends the
conversation (my = ), after which the players play (A, A). This equilibrium

exists if and only if v < ;.

2. Immediate Demand (ID): Player 1 sends m; = B and Player 2 ends the conver-
sation (mgy = @), after which the players play (B, B). This equilibrium exists if

and only if v < 7s.

3. Delayed Demands (DD): Player 1 sends either message m € {A, B}, Player 2
sends mo = B, Player 1 responds with mgz = B, Player 2 ends the conversation
(my4 = @), after which the players play (B, B). This equilibrium exists if and

only if v < 3.

4. Immediate Termination (IT): Player 1 immediately ends the conversation (m; =
¢), after which the players play the mixed strategy equilibrium. This equilib-
rium — the only SPNE in which communication “fails” with positive probability

— exists if and only if v > 4.

Note that, because vo > 71 > 73, the DD conversation is supportable in SPNE
only if the IC and ID conversations are also each supportable in SPNE. Thus, when
communication is sufficiently cheap (v < 71), there are multiple SPNE that achieve

policy coordination with certainty. If v > 0, the DD equilibrium is inefficient, because

4 This is simply a restatement of Proposition 1 in [? ].
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it requires 3 rounds of communication, while the IC and ID equilibria each require
only one round of communication. If o < 1, Player 1 strictly prefers the ID equilibrium
to the IC equilibrium. In spite of the fact that Player 1 moves first and strictly prefers
ID to IC, the IC conversation is nonetheless an SPNE because Player 2’s responses
to Player 1 obviously play a role in whether Player 1 can “select” his or her preferred
SPNE: this is because communication is two-sided. Accordingly, the equilibrium
multiplicity problem is not set aside even if we accept the notion that the two-sided
communication is exogenously structured.

Furthermore, if v < 7, there is a “noisy communication” equilibrium in which
the players essentially engage in a sort of war of attrition, probabilistically sending
“demand” messages until one of the two players sends a conceding message. We now

describe this equilibrium.

“Noisy Communication” Equilibria. Define the following values:

l-«o
¢ (o, y) = m,
_ 2(1-a-9)

QQ(avf)/) - 2(1—Oé)+’)/’
2(1 - -

Q(Oé77) = wu and
2(1-a)+7y
a?-a(y+2)+y2+~+1

T(a,y) = Lol

Y(y-a+1)

If v < 7, there exists an SPNE in which the players use a non-degenerate mixed strat-
egy in the pre-play communication stage. In the first two rounds of communication of
such an SPNE, the players mix between the demanding message (m = B for Player 1,
m = A for Player 2) and the conceding message (m = A for Player 1, m = B for Player
2), placing probability ¢;(a, ) on their own demanding message. In the third period,
Player 1 sends the demand message (m3 = B) with probability ¢s(c,7). From the

fourth period on, each player sends their demanding message with probability ¢(a, ).
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The first player to send his or her conceding message will end the conversation with
an agreement, and that player’s less-preferred coordination outcome is then played
with certainty by both players. The expected length of the conversation is T'(«,7)

messages.’

Fact 31 The expected delay in equilibrium, T («,7), is decreasing in both
1. the cost of communication, v, and
2. the alignment of the agencies’ interests, € [0,1].

In this equilibrium, coordination is achieved (i.e., an agreement is always reached)
with probability 1, it is nonetheless an inefficient SPNE relative to the “immedi-
ate concession” and “immediate demand” pure communication equilibria described
above, because coordination generally requires more rounds of communication. The
probability that the noisy communication SPNE is efficient is the probability that
Player 1 concedes in the first message, which occurs in this SPNE with probability

1-q = 1—2+'y' The immediate demand SPNE exists if and only if v < 5.

When is Successful Coordination Associated with a Unique SPNE? Putting
the details above together, there is a unique SPNE in which coordination occurs with
probability 1 if and only if

Y1 <77 <2,

or, equivalently,

a<\/2-7v<2-q.

In these cases, the unique SPNE that guarantees successful coordination is the ID
equilibrium, and Player 1 receives his or her most-preferred outcome in this equi-

librium. Note that the range of communication costs v for which there is a unique

5 [? ], Proposition 2.
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successful SPNE is decreasing in « € (0,1). However, note that Player 1’s payoff in
this region is

2-a-7,

which is decreasing in «. Accordingly, if there is a unique SPNE in which coordination
occurs with certainty, Player 1 has preferences for misalignment in this region, with

his or her equilibrium payoff being maximized by

a*(y)=2-/2-7,

which is, of course, decreasing in . This implies that the favored agency (i.e., Agency
1) prefers greater misalignment as communication becomes less costly. On the other

hand, Agency 2 has a preference for greater alignment in this SPNE.

Fact 32 In equilibrium, the agencies’ have opposed induced preferences over the

alignment, o.

Comparing Coordination Approaches. Figure C.5 illustrates the president and
the players’ equilibrium payoffs in the baseline model and in the pre-play communica-
tion extension. First, we can clearly see that equilibrium multiplicity only disappears
under pre-play communication when 7 > 7,. Further note that in this region, both the
president and the players always prefer to play the baseline game over the pre-play
communication game (blue line is always above the Immediate Termination line).
This implies that pre-play communication does not solve the equilibrium multiplicity
problem when the cost of delay is sufficiently small (7 < 742), and when it does solve
it, both the principal and the players prefers to play the baseline game instead.

Agency 1’s payoff in the Noisy Communication equilibrium is

2-« qo
(I-g)a+a(l-q)2-a)+q(l-g)a+qig(l —q)(1 2" 1_—q2) - T,



170

U, P Ul U2

1 1 1 NC
NC NC /\

Baseline W
Baseline
IT IT IT
0 0 0
0 Ve 0 v 0 V51

(a) Principal

(b) Agency 1

(c) Agency 2

Figure C.5: Comparison of Payoffs (v =0.2)

which simplifies to

a—.

Similarly, Agency 2’s payoff in the Noisy Communication equilibrium is

(1-a)(2-0) +q1<1—ql>a+q%(1—q2)<2—a>+q%q2<1—q>(

which simplifies to

(a-Da+(y-1)y

a-v-1

)

(0%

1-¢?

1-¢?

+61(2—04))_T%

and the Principal’s payoff in the Noisy Communication equilibrium is

1-Tr.
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