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Abstract

We examine the optimal institutional design in an environment in which an informed
agent with reputational concerns can exert costly effort to influence an outcome, and
an uninformed decision-maker can choose policy that affects the final outcome. We
show that when agent’s information is not observable to the decision-maker, the agent’s
ability to manipulate information leads to higher effort provision; however, information
withholding may prevent the decision maker from choosing the optimal policy. In
a dynamic environment, the optimal institutional setup varies as a function of the
agent’s reputation: institutional separation — in which the agent’s information is not
observable by the decision-maker — is optimal for intermediate reputation levels, while
institutional centralization — in which the decision maker and the agent have access to
the same information — is optimal for very low and very high reputation.



1 Introduction

A long-standing question for academics and policymakers has been how to optimally design
regulatory institutions when it comes to the choice of centralization versus institutional
separation. Two consideration that are relevant for this decision are the need for information
sharing between different institutions and the importance of clearly separating regulatory
tasks. The separation of regulatory tasks can lead to a clearer delimitation of regulatory
tasks between different agencies; however, it requires can also lead to worse transmission of
information between institutions when the information is collected by one agency and later
utilized by another. Separation of regulatory tasks incentivizes regulators to perform well by
making it easier for the government to link their reward to informative observations about
their performance; however, separation also creates incentives for regulators to withhold or
manipulate information transmission between institutions whenever their objectives differ,
as shown in the canonical cheap talk model of Crawford and Sobel (1982).

This paper builds a model to shed light on the trade-off between regulatory effort and
information transmission. We then ask, given this trade-off, when is it optimal to have
centralized rather than separate regulatory institutions, and how does this choice change
over time?

The relevance of these questions has become evident in the ongoing policy debates about
the architecture of financial regulation. One illustrative debate is that about the relationship
between the institutions of bank supervision and the lender of last resort. Bank supervisors
monitor risk taking in the banking sector. Their effort in monitoring is meant to reduce
excessive risk-taking — banks that are closely monitored are prevented from taking on too
much risk — and the probability of a banking crisis — by monitoring, these regulators gather
information on the health of the banking system. The lender of last resort uses the informa-
tion provided by the bank supervisors, and — if there are signs of a crisis — it can intervene by
providing funds to reduce the losses from a banking crisis. Therefore, these two institutions
are closely linked by their role in preventing financial crises. While this link exists across

financial systems, the institutional relationship between bank supervision and the lender of
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Figure 1: Percentage of countries with institutional centralization of bank supervision inside
the central bank

last resort — usually the central bank — varies across countries, as illustrated in Figure 1.
In a majority of cases (75% in 2013), the functions of bank supervision and lender of last
resort are both performed by the central bank, while in the rest, bank supervision is per-
formed by an institution separate from the lender of last resort. Moreover, several waves
of reforms have led countries to switch between institutional structures. In aggregate, over
the 1999-2009 period, there has been a shift towards the separated institutional structure,
while in the period since 2009 there has been more centralization. The United Kingdom,
for instance, moved from a system with institutional centralization to one with separation
in 1997/98, with the creation of the Financial Services Authority (FSA) as an institution
separated from the Bank of England. This system was changed again in 2010/11, when the
responsibility for bank supervision was transferred back to the Bank of England.

We consider the following model that captures these institutional features. An informed
agent — called the regulator — can exert costly effort to increase the probability of a good
outcome. How costly the effort is depends on the regulator’s private type, which can be high
or low. After effort is sunk, the regulator observes a noisy signal about whether the final
outcome will be good or bad — a banking crisis . Another agent, an uninformed decision

maker — called the central bank— can take a costly action — intervene as a lender of last

!The data is obtained from “How countries supervise their banking, insurers and securities markets,”
Central Banking Publications, 2013, and Melecky and Podpiera (2013). It covers 98 countries.



resort— before the final outcome is revealed. The cost of the action is lower than the cost of
the bad outcome but higher the cost of the good outcome. Therefore, the central bank wants
to intervene if the final outcome is likely to be bad, but she does not want to intervene if the
final outcome is good. In a centralized institutional structure, the noisy signal observed by
the regulator is also observable to the central bank. In a separated institutional structure,
the noisy signal is only observed by the regulator, who can send a message to the central
bank about it. Finally, the public in this model only observes the final outcome — the
good outcome, the bad outcome or an intervention by the central bank. The regulator has
reputational concerns — his payoff depends on the beliefs that the public forms about him,
while the central bank only cares about minimizing costs. In a dynamic setting, this sequence
of actions is repeated every period and the public updates their belief about the regulator
each period. After each period, the public can replace the regulator with a new one.

The model highlights the key trade-off described in the motivation. With separated
institutions, reputational concerns lead the agent to withhold information — to not report bad
news to the decision maker, in order to ‘gamble’ for the good outcome. This happens because
a good outcome without the decision maker’s intervention improves the agent’s reputation,
while the decision maker’s intervention hurts it. Even though a final bad outcome without
intervention would be the most detrimental to his reputation, if the intervention leads to a
sufficiently bad outcome for him anyway, the agent then prefers to gamble for a possibility
that the bad news is a false alarm, and the final outcome will actually be good. In a
centralized institutional structure, such a gamble is no longer feasible, since the news about
a potential bad outcome is seen directly by the decision maker. This allows the decision
maker to intervene in case of bad news, but it reduces the effort put in by the agent.

The model therefore captures the trade-off in choosing an institutional structure. The
ability to manipulate information transmission increases effort, and through this it decreases
the ex-ante probability of a costly outcome; however, the ability to manipulate information
transmission prevents the decision maker from using the agent’s information efficiently ex

post.



The debate about the reform of the Bank of England reflects this trade-off. When the
regulatory agency — the FSA — was separated in 1997/1998, the main argument provided for
this change was to “reducle] the risk that the central bank would be too accommodative in
order to help frail intermediaries.”? An implication is that too much accommodation might
reduce supervisory effort, since an accommodative policy from the central bank makes low
supervisory effort less visible. On the other hand, when the supervisory functions were
transferred back to the Bank of England in 2011, the main reason cited was the lack of
shared information between FSA and the Bank of England during the financial crisis.’

We show that this static trade-off is further amplified by the dynamic setting due to the
role of reputation building — the update in the public’s belief about the agent. When there
is institutional separation, the final — good or bad — outcome is reached more often, and the
final outcome is more informative as to the effort of the agent. Hence, as in the static model,
this ‘informativeness’ advantage of separated institutions means that, all else equal, the same
effort by the agent can be implemented more efficiently when institutions are separated as
opposed to centralized. In addition, in the dynamic model, this ‘informativeness’ means that
the public has better information about the type of the agent in equilibrium since different
types choose different levels of effort. This improved screening enables the public to make
more informed decisions about replacement.

With this ‘amplified trade-oftf’, we obtain the following key result. The optimal equi-
librium can feature cycling between institutional separation and centralization. Separated
institutions are welfare maximizing for the public when the agent’s reputation is intermedi-
ate. The centralized institution is welfare maximizing when the agent has very low reputation
or very high reputation. Separated institutions are shown to dominate the centralized in-

stitution setup when observations of the final outcome are most informative for the public.

2The quote is from the executive summary of Chapter 14 of “Money, Banking, and Financial Markets”
by Stephen G. Cecchetti and Kermit L. Schoenholtz, available at
http://www.mhhe.com/economics/cecchetti/Cecchetti2  Chl4 RegDivofLabor.pdf

3For example, see “Responsibility without information: the Bank of England as Lender of Last Resort”
in Financial Times, available at
http://blogs.ft.com/maverecon /2007 /09 /responsibility-html/#axzz4M3r4Tqv9



That is exactly when the public is uncertain about the type of the agent — when reputa-
tion is actively being updated; however, once the agent’s reputation is sufficiently high or
low, the public is fairly convinced about his type and additional updates are not as valu-
able. We show that this result emerges both in the best Perfect Bayesian Equilibrium and
in the optimal dynamic mechanism design problem. The results of the model suggest that
transitions between institutional separation and centralization can be welfare improving in
environments in which society must balance incentives for regulatory effort and information

transmission between institutions.

Related Literature The paper connects to several strands of literature. First, our paper
contributes to the literature on strategic information transmission between an informed agent
and an uninformed policymaker (Crawford and Sobel, 1982; Benabou and Laroque, 1992;
Morris, 2001). We use a version of the canonical cheap talk model of Crawford and Sobel
(1982). This model has been used to analyze the interaction between information and policy
formation, and has been applied to the question of institutional design, for instance in
examining the relationship between the legislative and the executive (Austen-Smith, 1990),
or the choice of delegation or restriction on amendments (Bendor and Meirowitz, 2004;
Ambrus et al., 2013). Most of the papers examine the relationship between the costly effort
to acquire information by the informed party and the commitment of the uninformed party
to take actions. Instead, in our paper, the information about the crisis comes for free to the
regulator. Hence, for the efficient usage of information, it is optimal for the decision maker to
directly observe the information. However, the regulatory agency has reputational concerns
and takes costly ex-ante effort to prevent a bad outcome. We focus on the interaction
between the messaging strategy, which follows the structure of Crawford and Sobel (1982),
and the ex-ante effort choice of the agent, and show that the incentives to put in more effort
in order to gamble for a good outcome sometimes makes it optimal for the decision maker
not to observe the signal directly. Moreover, we examine this trade-off in a fully dynamic

model, deriving both the best sustainable equilibrium for the public as well as the optimal



mechanism. In terms of its theoretical contribution, the problem provides the solution to
a dynamic mechanism design problem with adverse selection and moral hazard, without
monetary transfers.

Second, the main motivation of the paper is to explore a set of questions that belong
to the broader literature on the allocation of decision-making powers within government
(Maskin and Tirole, 2004; Aghion et al., 2004; Alesina and Tabellini, 2007). In line with
this literature, we examine the effects of public beliefs about policymakers on incentives and
policies. Public beliefs about policymakers’ ability create reputational concerns, which in
turn affect the transmission of information between policymakers. We therefore focus on
the understudied area of how reputational concerns affect the organizational structure of
regulation.

The paper is also linked to the literature that studies the structure of financial regulation
and its relationship to the central bank (Boot and Thakor, 1993; Peek et al., 1999). We add to
this literature the insight that separating bank supervision from the central bank involves an
additional trade-off, that of information withholding, and this trade-off may make separation
suboptimal. Moreover, we consider a dynamic setting, and show that cycles between the two
institutional settings are optimal.

Another related stream of literature on information transmission has employed the Bayesian
persuasion approach of Kamenica and Gentzkow (2011). We depart from this literature by
focusing on information transmission in a game in which we do not assume commitment.
Moreover, even if the agent has commitment power in sending messages, our main result
does not change. The agent wants to commit not to reveal bad signals to the decision maker
since he wants to gamble for a good outcome even ex ante. This creates a trade-off between
the ex-ante incentive to put in more effort and the ex-post efficient use of information, as
explained above.

The rest of the paper is organized as follows. Section 2 described the model .Section
3 presents a baseline version of the model in a two period framework with a specific func-

tional form for the supervisor’s utility, and section 4 presents the dynamic model. Section 5



concludes, and the Appendix contains the proofs and extensions.

2 Environment

We begin by describing an environment that captures the main forces of the model. There

are three players: an informed agent (A), a decision maker (D), and a unitary public (P).

The Informed Agent. The informed agent A has a type 0 € {L, H}, which is private
information. The type 6 has value H with commonly known probability pu. The agent A
can put in unobservable effort e € [0,1] to influence the probability distribution of a final
outcome y € Y = {B,G}. Effort is costly for A, and the cost is higher for type L than for
type H. Let g (e) be the cost of implementing e for A of type . We assume the following
about the cost of effort.

Assumption 1 The functions cy (e) and ¢, (e) are continuously differentiable, ¢y (0) = 0,

lim,_,; ¢ (e) = oo for each 0, and

cy(e) >0, c¢p(e) >0, cy(e) <cfp(e) Ve>0. (1)

The probability of outcome y = G is an increasing and weakly concave function of the
effort e: Pr(y = Gle) = q(e), ¢’ (e) > 0, and ¢" (e) < 0.
After putting in the effort e, the agent A receives a noisy signal s € S = {B, G} about

the outcome y. The error in the signal is:*

Pr(s=Bly=G,e) =Pr(s=Gly = B,e) =¢ > 0.

The institutional structure determines how the signal s can be used by A: in the separated

institutional structure, the agent A can then send a message m(s) € M to the decision maker

4All the results go through if the probability of error depends on y: Pr(s= Bly=G,e) = ¢ and
Pr(s=Gly = B,e) =«.



D about the signal s and effort e; in the centralized institutional structure, no message is
sent, since s is observed directly by D as well. Since we employ the cheap talk message a la
Crawford and Sobel (1982), the message space M is arbitrary.

The agent A receives a payoff that depends on the expectation formed by the public
about his type and his cost of effort ¢, (e):

up = u” (b) = co (), (2)

where b = (E [Pr(§ = H|public outcome)], public outcome), such that u(b) is a function of
the expectation formed by the public about A’s type 6, and we also allow the utility to
depend directly on the public outcome.

Given the interpretation of A as a regulator, the utility function captures the benefit to
the regulator from having a good reputation with the public. For example, a bad reputation
can translate into the regulator being replaced, or his position being restructured in costly

ways, as shown in the example of the regulatory reform in the UK.

The Decision Marker. After A puts in effort e and receives signal s, but before the
final outcome y is revealed, a decision maker D implements a policy ¢+ € I = {1%,/P}. For
each y € Y, there exists a policy Y € [ that minimizes cost to D if the final outcome is
y. As explained above, institutional structure determines the information D receives before
deciding policy ¢: in the separated institutional structure, the decision maker D receives the
message m(s) from A; in the centralized institutional structure, she observes s directly.

We assume the following costs associated with the policy ¢ at outcome y:

0 if 1= andy=G,
C=<¢ O, if 1=.5, (3)
Cy if +=1%andy= B,

where C7,Cy € R, 0 < C; < (5. This specification captures the many situations in which

early, preventive intervention is less costly than letting the situation worsen to a crisis point;
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however, the actual cost savings happen only if the situation would indeed worsen without
intervention, otherwise costs would be saved by not performing an unnecessary preventive
intervention.

In the interpretation of D as a lender of last resort that can intervene to reduce the cost
of a crisis, C; denotes the cost of an intervention in the market to prevent a crisis when
there are signs of distress, while C5 > ('} denotes the cost of intervention when a crisis is
unfolding.

We make the following assumption about D’s costs:

Assumption 2 The values Cy and Cy satisfy:

(1) e G q(0) 1-¢
1+1_—q(1)1_6<a<1+1_—q<0) - (4)
and
1+T%%%j<g% (5)

(4) of Assumption 2 implies that it is less costly to choose policy «? after a signal s = B
rather than ¢, regardless of the A’s effort. In addition, the expected cost of choosing (& is
lower than the cost of t” whenever the signal is s = G, regardless of the A’s effort. Moreover,
(5) implies that, if the decision maker does not obtain any information about s or e, then
the expected cost of choosing (“ is lower than (7.

Finally, D’s objective is to minimize the costs associated with policy ¢:
uP = —C. (6)

The Public. The public (P) does not observe the signal s nor the message m(s). It only
observes whether the cost paid by D according to (6). It can therefore infer the realization of
y if © = 1%, but can only infer that + = if D’s payoff is —C}. Based on these observations,

the public updates its beliefs about A’s type, following Bayes’ rule whenever possible. The

10



public’s payoff is assumed to be identical to that of the decision maker:
u’ = —C. (7)

In the interpretation of A and D as institutions in charge of banking stability, the public
only observes whether a banking crisis — the bad outcome — happens if the lender of last
resort does not intervene to prevent it. If the lender of last resort intervenes, then the public
does not know what would have happened without intervention — just isolated bank failures

or a major banking crisis.

Timing. Here we summarize the timing of the move and observability of actions:

1. Nature decides A’s privately observed type 6 € {L, H}, where the probability of high
type is equal to Pr(60 = H) = p.

2. A puts effort e € [0, 1] by paying the cost ¢ (¢). The effort e is A’s private information.

3. Given e, the final outcome y € {G, B} and signal s € {G, B} are drawn from Pr (y, s|e);

nobody observes y or s at this point.

4. A observes s,

(a) in the separated institutional structure, A sends message m(s) to D,

(b) in the combined institutional structure, D also observes s.’

5. D decides ¢ € 1.

6. Cost C is observed by P and payoffs are realized.

"Here we do not allow A to send message m. If A had an incentive to inform D of his effort, then D
could use this new piece of information in addition to the signal s; however, we can show that A would never
inform D of his effort, if it changed the distribution of D’s actions. See Part 4 of Appendix A.3.2 for the
details.

11



Theoretically, the model has both adverse selection (type) and moral hazard (effort).
One may wonder why we need both, not only moral hazard. In fact, in the static model,
moral hazard alone will lead us to the qualitatively similar trade-off between separated and
centralized institutions; however, in the dynamic model, the public’s learning about the
agent’s type plays an important role in the trade-off. Moreover, it is natural given the
motivation of the model to consider the different types of agents — either as regulators with

different costs of implementing supervisory policy or as managers with different capabilities.

Definition of Institutional Separation versus Centralization Our focus is on one
key difference between institutional centralization and institutional separation, namely the
transmission of information. In the centralized institutional structure, both the agent A and
the decision maker D observe signal s. In the separated institutional structure, only the
agent observes signal s. All the other elements of the model stay the same between the two
institutional designs. In particular, we assume that effort is not observable in the centralized
institution. One may wonder whether the agent’s effort may be easily observable to the
decision maker; however, in many centralized institutional structures the decision maker and
the agent are still sufficiently independent in terms of their tasks, making it hard for effort
to be observed. For example, in the case of banking supervision inside the Bank of England,
the Prudential Regulatory Authority (PRA) — in charge of banking supervision — and the
Monetary Policy Committee (MPC) — in charge of monetary policy — are run by boards with
very little overlap.” Hence, the MPC does not directly observe the daily regulatory effort of
the PRA.®

We also assume that the objectives of the agent and decision maker stay the same regard-

less of the institutional design. In other words, even if the agent is in the same institution

6The details are available from the authors upon request.

"They share the Governor and Deputy Governor for Financial Stability as their board members to enhance
cooperation. The details of the institution design is explained in the Quarterly Bulletin of the Bank of
England 2013 Q1, available at
http://www.bankofengland.co.uk/publications/Documents/quarterlybulletin /2013 /qb130102.pdf

8Moreover, it is easy to show that, even if the centralized institution allows the decision maker to observe
an additional signal about the effort level, unless the signal precision is perfect, the same trade-off between
ex ante incentive provision and ex post usage of information shows up.

12



as the decision maker, they are still different agencies pursuing their own objectives.’

3 The Static Ex-ante versus Ex-post Trade-off

We begin with the simplest version of the model, in which we make the following assumption

about the payoff function u? (b) :

e Pr(0=H|C) < pu_
UA (b) — Lif Pr(6=LI|C) > 1—p (8)
.0 Pr(0=H|C)
0 if Sz < 5

The payoff function u? (b) reflects the case in which the public punishes A whenever his
reputation decreases — whenever the public’s belief that A is an H-type is lower than their
prior, corresponding to the original distribution of types. Notice that the public outcome in
this game is just the cost C' to the decision marker. In a full information environment, in
which effort e were observable to the public, the public outcome would include the value of
e. Then, the payoff to A could be structured so as to only reward the targeted level of effort
that maximizes the public’s objective. The incentives problem in this model is driven by the
fact that e is private information.

We first analyze the static problem in each of the two institutional setups, separated and
centralized. Afterwards, we compare these two setups in terms of the effort provision and

the expected costs of policy ¢.

3.1 Separated Institutions

In the separate institutional structure, the asymmetric information between A and D is the
value of the signal s and A’s type 6, which maps into a choice of effort ey. The agent A alone
observes the signal s and transmits message m(s) to D. After receiving the message m(s),

the decision maker D makes the policy decision ¢.

9Moreover, in Appendix A.1.1, we show that the same trade-off between ex ante incentive provision and ex
post usage of information shows up, even if they share some of their objectives in the centralized institution,
as long as their objectives are not perfectly aligned.
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Definition 1 An equilibrium with separate institutions is a set of effort levels eg, messages
m(s), and intervention policies v such that (i) D chooses t(m) to mazimize (6), (ii) e(0) and
m(s) maximize (2), and (iii) Pr(0 = H|C) is derived by the public following Bayes’ Rule

whenever possible.

We establish that an equilibrium with separate regulatory and intervention institutions

exists, and we derive its main properties.

Proposition 1 An equilibrium with separate requlatory and intervention institutions exists,

and it has the following properties:

o (Effort strategy) The equilibrium effort choices satisfy ey > ey, with strict inequality

Zf@H > 0.

e (Messaging strategy) In the equilibrium with ey > 0, then there is no meaningful

message exchange: D’s strategy does not depend on m (s).
o (Intervention Strategy) D implements 1 in the equilibrium with ey > 0.
e (Beliefs) Equilibrium beliefs satisfy:

Pr(0 = H|C =0) L >Pr(¢9:H|C:01)>Pr(0:H|C:CQ)
Pr(f=LIC=0) " 1—p Pr(0=L|IC=Cy) ~— Pr(f=L|IC=0Cy)

\%

Proof. In the Appendix Section A.3.1. =

Intuitively, since the H-type can always pretend to be the L-type with a lower cost, the
H-type should obtain the higher value in the equilibrium. If the H-type chose lower effort
and enjoyed a higher payoff, then the L-type would deviate to the H-type’s effort level in
order to save the cost of effort.

Proposition 1 also shows that there exist two equilibria: an uninteresting equilibrium in

which ey = e;, = 0,'” and a more interesting equilibrium in which high type H takes positive

10Tn the equilibrium with ez = e, = 0, as long as both types take the same message strategy, no matter
what C happens, the public belief is constant for each C, and so there is no reward or punishment from the

14



effort, and ey > ey, > 0. In the equilibrium with positive effort, the agent A never informs
D when the signal is bad. The intuition for this result is as follows. Suppose that D changed
her action based on A’s message, so probability of :? increased after some message. Once
the public observes C' = (', by Assumption 2, they infer that D believes that y = B is more
likely. Since y = B happens more often after low effort, they infer that A’s type is more
likely to be L— the type that puts in less effort. Hence, they update their beliefs negatively,
and so uy (b) = 0. Since uy (b) = 0 is the lowest utility that A can obtain, A would like to
avoid policy (P being implemented. Therefore, A does not send any message to increase the
probability of «” and gambles for a good outcome, regardless of the signal.

Given this messaging strategy by A, the decision maker D then chooses :“

since (5)
means that D prefers (¥ in the absence of any information about s.
In the application of the model to banking supervision, the central bank does not want

to intervene — i.e., choose

— unless it receives bad news from the bank supervisor, so the
default policy would be that of no intervention — policy (.

Note that D’s policy decision is distorted due to A withholding information about the
signal s. The reputational concern leads A to misreport the signal in order to avoid the

reputational loss from a policy ¢®. We summarize this result in the following corollary:

Corollary 1 (Information withholding) In the equilibrium with separated institutions,
D’s intervention decision is distorted compared to the full information case, in which D

observed s: for positive ey, the decision maker D chooses . when s = B.

Formally, the problem for agent A is to choose ey to maximize his expected utility:

¢ (eg) u™ (BC = 0) + (1 = q(eg)) u” (D]C = C2) — ¢y (eg).

outcome. Hence it is in turn optimal to take zero effort. Moreover, since the agent is indifferent between
any C (and so messages), there is multiplicity in the message strategy. Depending on the message strategy,
the decision maker’s strategy also changes.

15



It is easy to show that reputation goes up after the final good outcome, and it goes down

after the final bad outcome. Then, given (8), the above objective is equal to

q (69) —Cy (69)-

The first order condition for effort is then

q' (ep) = cy (eq) - (9)

3.2 One Centralized Institution

We now consider the centralized institutional structure. In this setting, both A and D receive

signal s, and there is no information transmission through messages.

Definition 2 An equilibrium with a centralized institutional structure is a set of effort levels
e(0) and intervention policies (s) such that (i) D chooses i (s) to mazximize (6), (ii) e(0)
mazximizes (2), and (i1i) Pr(0 = H|C) is derived by the public following Bayes’ Rule whenever

possible.

We proceed to show to an equilibrium exists and to derive its properties. As in the case
with separate institution, there is always an equilibrium with no effort. For the rest of the
discussion, we focus on the more interesting equilibrium in which at least the H-type exerts

a positive effort.

Proposition 2 An equilibrium with institutional centralization exists, and it has the follow-

mg properties:

o (Effort strategy) The equilibrium effort choices satisfy ey > ey, with strict inequality

z'feH > 0.

o (Intervention Strategy) D implements (P after s = B and (© after s = G.

16



e (Beliefs) Equilibrium beliefs satisfy:

Pr(0 = H|C =0) w >Pr(9:H|C:C’1)

>
Pr(0=LIC=0) ~ 1—u — Pr(d=L|IC=C)

>

Proof. In the Appendix Section A.3.2. m

Proposition 2 shows that in the equilibrium with ey > 0, the H-type chooses strictly
higher effort than the L-type. The intuition is the same as in the case with separated
institutions: the H-type faces a lower marginal cost of effort, so he faces a relatively higher
benefit of effort. D now observes the signal directly, and she uses that information to choose
the cost-minimizing policy ¢.

Although there is no information withholding, compared to the case of separated institu-
tions, another type of distortion emerges, due to A’s inability to influence D’s policy decision

once s is observed.

Corollary 2 (Effort withholding) Suppose also that we focus on the equilibrium with
eg > 0 in both institutions. In the equilibrium with institutional centralization, A’s effort

choice s lower than in the case with institutional separation.
The result emerges if we consider A’s problem in the centralized institutional structure:

max g (eg) (1 — &) u (B|C = 0) + (1 — q(eg)) eu® (b|C = Cy)
+a(eo) e+ (1 —q(eg)) (1 = )] u (BC = C1) — co (eg) -

Again, it is easy to show that

Pr(f = H|C =0) L
Pr(0=LIC=0) 1—p

and
Pr(0 = H|C = C}) Pr(0 = H|C = Cy) K
Pr(0=LIC=Cy) Pr(@=LIC=Cy) 1—p

17



Hence, given (8), the above objective becomes

q(eq) (1 —€)q(eq) —co(eq).

The first order condition for effort is then

(1—€)q (ea) = cy(eq) . (10)

Note that the effort in the separate institution characterized in (9) is as if € were zero with
the centralized institution. Let ej be the solution to (10). Applying the implicit function

theorem to the first order condition, we obtain

deg q (e5)

de  cj(ez) —(1—¢e)q" (€5)

< 0,

which implies that e; decreases in the centralized institutional structure compared to the
separated institutions.

The centralized institutional structure removes the ex-ante incentive to supply effort,
because A no longer has the ability to withhold information from D. Since D intervenes
after s = B, this reduces the probability that the good outcome will be reached, reducing
the expected reputational payoff to A from supplying effort.

3.3 Discussion of the Static Trade-off

Corollaries 1 and 2 illustrate the main trade-off embedded in the choice of institutional
structure: with institutional separation, A has the ex-ante incentive to put in more effort,
but D’s policy decision is costlier due to information withholding; in the centralized structure,
the policy decision is optimal, but the incentive for higher effort is removed.

Let e denote A’s effort choice in the separated structure, and let ej denote A’s effort

choice in the centralized structure. The expected increase in costs when moving from the
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separated structure to the centralized structure are given by

AW (£,C5,C1) = =) Pr(f) (1 —q(ep)) C

+ > {Pr(8) (1 =) (1 —q(€f)) +2q(e5)) Cu
0

+ Pr(f)e (1 —q(e§)) Ca} - (11)

The first term of the expression subtracts the expected cost of the policy under institutional
separation. The second term of the sum add the expected cost of the policy under institu-
tional centralization, when the signal is s = B. Finally, the third term add the expected cost
of the policy under institutional centralization when the signal is s = G, but the outcome is
y=DB.

The analysis of AW allows us to derive two key comparative statics. Consider an increase
in the relative cost C/C5. From the above expression, it follows that such an increase has
the effect of increasing AW. Centralization increases D’s use of policy ¢? as opposed to (1,
and this change in policy decreases costs if C/Cs increases. By contrast, an increase in the
signal noise ¢ has the effect of increasing AW. The centralized institution allows D to use
the information provided by the signal s. The benefit of this information is higher when it
is more accurate — when ¢ is small — since (i) we do not need to pay the unnecessary cost C

if y = G and (ii) the distortion of effort is smaller, as seen in (10).

Proposition 3 The expected cost of policy v is larger with institutional centralization com-

pared to institutional separation if € and g—; are sufficiently high.

The above result also highlights the fundamental reason why centralization does not
always dominate separation: the inability of D to commit not to choose (f after s = B.
With commitment, centralization would always achieve an outcome at least as good as
separation. The choice of institutional structure therefore trades off commitment (of not
observing s first of all in the separated institution) — which increases effort — and flexibility

— which allows D to use the information from the signal when there are likely to be savings
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of the cost from it.

Going back to the motivating example of the structure of banking supervision, the static
trade-off implies that separation of bank supervision from the lender of last resort should
provide incentives for higher supervisory effort. This effort should translate into banks taking
less risk. Some suggestive evidence to this end is provided in Eichengreen and Dincer (2011),
who look at on bank performance and supervisory structure in 140 from 1998 to 2010. They
find that countries with separated institutions have fewer nonperforming loans as a share of
GDP, controlling for inflation, per capita income, and country and/or year fixed effects. The
other side of the trade-off, however, is that the final bad outcome is reached more often with
institutional separation. The link between institutional structure and banking crises has
been examined by Goodhart and Schoenmaker (1995), using data from 24 countries over the
1980s. Their data shows that bank failures happened with more than double the frequency
in countries with separated rather than centralized institutions and these failures required a
more frequent use of public funds for bank rescues (as opposed to commercial bank funds in

rescues coordinated through the central bank).

4 Dynamic Institutional Choice

After establishing the static trade-off between effort and information transmission, a natural
next step is to ask what it implies for institutional design, a process that is inherently
dynamic, since belief of the agent’s type keeps being updated and different belief leads
to different choice of institution and replacement strategy by the public. To answer this
question, we extend the static model to a dynamic one. We show that the static trade-
off survives in a dynamic framework, but reputational dynamics add a novel element to
the trade-off between institutional structures: the centralized institution uses the signal
information efficiently for policy decisions, but this slows down learning about the agent’s
type. When policy (P is used more frequently, outcomes become less informative about the

agent’s effort. This effect is strongest when the reputation of the agent is intermediate, so
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exactly when there is sufficient prior information to update beliefs strongly, but the current
observed outcome is not informative enough to make use of this prior reputational buildup.

We show these dynamics with two sets of results. First, we consider the best sustainable
equilibrium (as introduced in Chari and Kehoe (1990)) and show that it corresponds to the
best Perfect Bayesian Equilibrium (PBE) for the public without communication with the
agent. We argue this equilibrium concept captures the key dynamic interactions that moti-
vate our model. Second, we also consider the best PBE for the principal with communication
between the principal and the agent. This problem corresponds to the dynamic mechanism
design problem. We show that the dynamic trade-off described above is also present if we

allow communication.

4.1 Dynamic setup

The setup of the dynamic game is as follows. In each period ¢, the incumbent agent is
endowed with the prior belief y, given the public history. At the beginning of each period,
the public P decides whether to keep or to replace him. Upon replacement, a new agent is
selected from the pool of possible agents, and the belief about the agent’s type reverts to
the initial prior given the distribution of types in the pool — the prior i, that the agent is
an H-type.

Notice that the payoff from reputation u“ (b) described in (8) has an immediate transla-
tion as the agent being kept for the next period or replaced. Therefore, the agent’s payoff

each period is given by
1 if A is kept
0 if A is replaced

A (b
The per-period payoff for D and P is still equal to u” = u” = —C. The discount factor is
common and equal to § € [0,1).

In the motivating example about regulatory institutions, replacement happens through
the government — the leadership of a regulatory agency is removed and a new leadership is

appointed.
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Then, the public decides the institutional structure, ¢» € {0,1}, where ¢» = 0 denotes a
separated structure and ¢ = 1 a centralized one. For simplicity, we assume that there is no
switching cost to changing the institutional structure.!’ After the institutional structure is
chosen, the intra-period play is the same as described in section 2, steps 2-6, except that
there is no communication in step 4.

Finally, we assume that at the end of the period, the value of the signal s; becomes public.
So, the public history at the beginning of period t+1 is given by {C}, s; };:0. Intuitively, after
a policy is implemented and an outcome is observed, audits take place and the information
available to the decision maker at the time of the decision is revealed to the public. Since the
audits only reveal tangible information, we continue to assume that effort e is not revealed,
as in the standard moral hazard models.

Throughout this section, we make the following additional assumption about the cost of

effort:
Assumption 3 The cost function ¢} (e) satisfies ¢ (0) — oo.

Under Assumption 3, the marginal cost of effort of the L-type agent is sufficiently high
such that he chooses not work. If the L-type puts positive effort, then only difference is that
we additionally keep track of L’s incentives. See Appendix A.2 for the details.

4.2 Best Sustainable Equilibrium

We first consider the case in which there is no communication between P and A about A’s

3

type.”? As we show below, the best PBE without communication is equivalent in terms

of on-path outcome to the best equilibrium for P in the class of sustainable equilibrium

introduced by Chari and Kehoe (1990). To construct an equilibrium in this class, we consider

I1Tf there were a cost of institutional re-organization, then the institutional change would happen only if
the benefit from the change were sufficiently large.

12This prohibition of communication is without loss of generality: if there is a benefit of incentivizing the
agent to tell the truth about s in step 4, it would be optimal for P to pick ¢» = 1. Moreover, if there is a
benefit of declaring the type, it would be more efficient for P to incentivze A to do so before P picks .

13This assumption is made partially because one may think that the agent declaring he is low-type is not
realistic, but mainly because it captures the main dynamic trade-off in a transparent way.
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a public randomization device — or observable mixed strategy— for P. This randomization
device is used to determine the replacement decision at the beginning of each period and
the subsequent decisions within the period. That is, P draws a random variable z;, ~
Uniform [0, 1], which is observed by everybody. The probabiity of replacement given z; is
then p,,.

Definition 3 Given the history {h, i1, } of public outcomes up to period t and the public’s
beliefs about the agent’s type, a sustainable equilibrium consists of continuation strategies
{0, (hay pigs 2) s D2 bo° for the public, {ei(he, py, Yy, 2)};° for the agent, and

{Lt<ht, Ly 2ty Uy, stwtzl)}:o for the decision maker such that each of the players maximizes

their expected continuation utilities."

Notice that for the dynamic analysis we can ignore the messaging in the separated in-
stitution. This is due to the intra-period results of Proposition 1 — that D’s optimal policy
decision is independent of message — and s; being publicly revealed at the end of period ¢.

We now proceed to analyze the problem recursively, focusing on the best sustainable
equilibrium for P. For this, we study the problem of maximizing P’s welfare given a promised
payoft V' to the H-type agent. Hence the state variable each period is a pair consisting of V'
and the belief 12.'°. Given our motivation, this structure resembles a feasible reward structure
for the agent. It allows P to write a feasible contract for A that promises a certain level of
total benefits, which cannot be made state continent.

Let J (i, V') be P’s welfare given the two state variables, belief ;1 and promised utility
V. Upon replacement, the belief goes back to j;, but P can choose the promised utility to

maximize its welfare. Hence, P’s utility after A is replaced, denoted by J, should satisfy

J = m‘;axJ(,uH,V).

The problem for P is to select a vector o, = (p,, ., €., L, V) for each possible realization

of z, where p, is the probability of replacement, 1), is the institutional structure that period,

14Where S¢|y,—1 denotes the fact the policy decision depends in s; only when v, = 1.
15Since the L-type does not work, we do not keep track of his utility.
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e, is the proposed effort for the H-type,'

L, is D’s policy choice, and V] determines the
continuation promised utility. Here, the public outcome, denoted o,, consists of ¢, s, ¢,, and
C.'" Let V! (0.) denote the next-period promised utility for A of type H after the realization
of the public outcome o,. Since the on-path outcome has full support, the principal always
believes that the recommended effort e, is taken. Hence the next belief ' is determined by
the Bayes rule, which depends on the prior u, the recommended effort e,, and the public
outcome o,. Let 1’ (i, e.,0,) denote this updated belief.

In particular, P chooses «, to solve the following dynamic program:

J(uV) = max / pod + (1= p2) {(1 = 8)uF (0, e, 12)

«a
# z

+ 6> Pr(oalp, 1, ez ) J (1 (1, wz,ez,bz,oz),‘/;'(oz))}] dz,  (12)

Oz

where

P (M,@Z)Z,Gz, Lz) = _NE [Ow = H, l/ﬁz, €z, Lz] - (1 - M)E [C|0 = B,¢Z,€z, Lz]

u

is the principal’s instantaneous welfare.

The principal is subject to the following constraints:

V= /(1 _pz) {(1 - 5) [1 —CH (ez)] + 5ZPI‘ (Oz|77/}z7€za Lz) ‘/z/ (Oz)} dZ; (13)

e, € arg max {(1 —0)[1 —cu(e)] + 52 Pr(o.|¢,,e.,t.) V] (oz)} : (14)

Constraint (13) is the promise keeping that P is bound to in equilibrium, and (14) is the

incentive compatibility constraint for A.'®

16The L-type L always chooses o = 0.

1"Note that we assume s is observable because of the audit.

8Notice that, from P’s view point, the distribution of the outcome Pr (0.|u,e.) depends on p, while for
the promise keeping and incentive compatibility, we have Pr (ole,) since A knows his own type.
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Finally, notice that the dynamic objectives of P and D are identical. This happens
because they have the same instantaneous payoff, and the signal information is revealed
to the public after each period’s play. Hence we do not have any incentive compatibility
constraint for +,. From now on, we assume that the principal decides the policy ¢, directly.

Note that there is always a PBE in which A exerts no effort, expecting replacement every

period; given this, P pick the centralized institution and D chooses +?

every period. Let
SW be P’s utility under this “no effort equilibrium,” which does not depend on beliefs.!’
The lowest value P could obtain would be J (u, 1) since the promised value 1 allows A to
stay without putting in effort. But this value corresponds to the “no effort equilibrium.” We

show next that, by switching to this worst PBE after any deviation from policy «, given z,

we can sustain a PBE that maximizes (12) subject to the above constraints.

Definition 4 The best sustainable equilibrium for P is characterized by the mapping from
(1, V) €10,1] x [0,1] to a vector (p:, 1., €5, L2, V) o1 which mazimizes (12) subject to (13)
and (14).

We can restrict the domain of the states (u, V') to [0, 1] x [0,1]. The belief 1 has to be
in [0, 1]. The promised utility has to be in [0, 1] since (i) 0 is the minimum payoff that the
agent receives; and (ii) 1 is the highest feasible utility for the agent, which is implemented

by keeping the agent and allowing him put in effort e = 0 forever.

4.2.1 Equilibrium Properties
We first show that P’s value function J (i, V') is concave is V', convex in p, and increasing

in p:

Lemma 1 J (i, V) is concave is V', convex in u, and increasing in p (strictly increasing if

Ve (0,1)).

YTn the equilibria with effort, P’s utility, denoted by u? (u,t¢.,0.), depends on the prior and current
strategy, which is weakly increasing in p since the low type does not work for sure.
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Proof. See Appendix Section A.3.3. =

Since we allow the public randomization, the concavity of J (i, V') with respect to V/
follows from the standard arguments. To see why J (i, V') is convex in u, assume that P
receives additional information to update its belief about A’s type. The belief is martingale,
so the updated belief is a mean-preserving spread of the original belief p. Since P can
always ignore this new information, this mean-preserving spread is always (at least weakly)
welfare-improving. Finally, J (i, V) is increasing in p since P could always choose the same
continuation strategy as p when the belief is ¢/ > p. Since the L-type chooses e, = 0, this
allows P to obtain at least weakly higher welfare with 1’ compared to pu.

We can then derive the following implications about the shape of J (i, V).
Lemma 2 The value function J (u, V') satisfies the following:
1. J(u,0) = J for each y;

2. For each p, there exists V (i) such that J (u, V') is linear for V- € [0,V (u)], where
V(1) > 1— 0§ with strict inequality for > py. Moreover, the slope for the linear part

18 negative for p < puy; zero for p = py; and positive for > piy.

3. There exists V* (u) € argmaxy J (i, V). For each pu, at V.= V*(u), the following

property holds:

(a) V! (0,) < argmaxy J (¢ (i, 1, €,,t5,0,),V) for each event o, with negative belief
update /JJ/ (/Jﬂ wza €zs Lz 02> < g

(b) V! (0,) > argmaxy J (1 (u,,, €., t.,0,), V) for each event o, with positive belief
update i (1,3, €2, 12, 0.) > p

Proof. See Appendix Section A.3.5. =

The above properties have the following intuition. First, if the value promised to A is 0,

only immediate replacement can fulfill this promise. Hence, we have J (i, 0) = J for each p.
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Second, for a sufficiently small promised value V', the replacement must happen with
positive probability. Since this positive probability is generated by randomization between
keeping and replacing A, the principal P’s indifference means that J (p, V') must be linear
for V' below some promised utility V().

The third property follows from concavity: the function J (&, V') has a maximum, denoted
V*(p). AtV = V*(u), assume outcome o, is observed such that the belief is updated
negatively — p/ < p. The negative belief update implies that o, is the outcome which
happens less often with higher effort. Hence reducing V! (0.) incentivizes A to work hard.

P is improved; and since

This increased effort has two benefits: the instantaneous welfare u
the higher effort allows for a higher belief update (the H-type is more distinguishable from
the L-type), by the convexity of J with respect to p, the principal P’s continuation welfare

improves. As long as
V! (0.) > arg max J (1 (1, e000,0,), V),
reducing V/ (0,) directly improves P’s continuation welfare as well. Once
V! (0.) < arg max J (' (1, e000,0,), V),

however, decreasing V! (0,) directly reduces P’s continuation welfare. Intuitively, promising
too little continuation payoff of A forces P to replace the agent even if P believes that A is an
H—type.?’ The analysis when outcome o, occurs such that the belief is updated positively
is analogous.

Finally, we establish that the sustainable equilibrium in our setup corresponds to the

best perfect Bayesian equilibrium for P when there cannot be communication between P

and A:

Lemma 3 The sustainable equilibrium corresponds to the best perfect Bayesian equilibrium

20Note that, by the second property, we have arg maxy J (' (1, v, €2, 12,0.), V) = 0if ¢/ (1,7, €., t2,0,)
is lower than the prior in the pool, py.
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for P without communication between principal and agent.

Proof. In Appendix Section A.3.4. =

Note that there is always a PBE in which A exerts no effort, expecting replacement every
period; given this, P pick the centralized institution and D chooses t? every period. Let SW
be P’s utility under this “no effort equilibrium,” which does not depend on beliefs.?! In the
sustainable equilibrium, the lowest value P could obtain would be J (1, 1) since the promised
value 1 allows A to stay without putting in effort. But this value corresponds to the “no
effort equilibrium.” Then, switching to this worst PBE after any deviation from policy «a,

given z, we can sustain a PBE with the same outcome as the sustainable equilibrium.

4.2.2 The Optimal Dynamic Policy

We now solve for the optimal dynamic policy. Given Lemma 2, we can show that, without
observing s, it is optimal for D to take :“. In addition, without loss, we can assume that

the centralized institution will utilize the information about the signal s.

Proposition 4 The optimal strategy v, satisfies the following:

o If1, =0 (separated institutional structure), then we have 1, = i%;

o If1, = 1 (centralized institutional structure), then we have 1, = i¥ after s = B and

L, =i% after s = G.

The optimal policy for P is to choose i® whenever it does not have additional information
about the signal. By (5), this is myopically optimal given A’s effort. In addition, this policy
choice increases A’s effort, which increases P’s instantaneous utility. Also, policy ¢“ allows
for a larger belief update, since the outcome is a better indication of effort. Due to the
convexity of J (i, V'), the larger belief update is also improving P’s dynamic payoff. The

second result is obtained because, when D can observe the signal, it is optimal to use that

2Tn the equilibria with effort, P’s utility, denoted by u’ (u,¢.,0.), depends on the prior and current
strategy, which is weakly increasing in p since the low type does not work for sure.
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information and to choose i after s = B and i“ after s = G. Otherwise, choosing 1 = 0
would be one of the optimal strategies. In other words, we can assume that the centralized
institution is picked only if the gains from reducing the expected cost of the outcome outweigh
the disincentive for A to put in effort and the lower update in beliefs.

For the following set of results in the analysis, we make a simplifying assumption regarding

the error in the signal s;.
Assumption 4 Pr(s = Bly =G,e) =¢ >0 and Pr(s = Gly = B,e) = 0.

Under this assumption, we consider the case in which the error happens in the signal
only when the final outcome is good. All the results so far hold without this assump-

tion, so all the qualitative trade-offs between the two institutional designs are robust to

Pr(s =G|y = B,e) > 0.

Lemma 4 Under Assumption /, the public outcome is boiled down to one of three cases:
0, € {0,C,Cy}, where o, = Cy corresponds to 1 = 1 and 1B and the other two outcomes

correspond to 1 = 0 and 1.

Proof. In the Appendix Section A.3.6. =
Given this simplification of the public outcomes, we can pin down the continuation utility

for A after each event.

Lemma 5 The continuation utility for A is higher after outcome o, = 0 than after outcome
0, € {C1,Cs}. Moreover, the difference between A’s expected continuation payoff after o, =0

and the continuation payoff after o, € {C1,Cs} increases as a function of effort ey.

Proof. In the Appendix Section A.3.7. =
The intuition for this result is that A is rewarded with a higher promised payoff after the
outcomes that indicate higher effort. Conversely, A is punished with lower promised effort

after the outcome that indicates low effort.
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To derive this result, consider first the separated institutional structure. From (14), A’s

choice of effort satisfies

oy (62) = o () [V] (0} = 0) = VZ (o = 0)]. (15)

It then follows that

V20 =0) - V2 (Cafp = 0) = 2522 )

> 0, (16)

so there is a positive gap between the continuation utility for A after outcome o, = 0 and
outcome o, = (5. Moreover, this gap is increasing in the targeted effort e,.

To show that V/ (0]¢) = 0) itself is increasing in e,, notice that Proposition 4 implies that
(13) becomes:

Vo= (1=0)[L—cy ()] + 6q (e:) [VI (O]t = 0) = VI(Caltp = 0)] + 6V (Calyp = 0) . (17)

Then, given (16), V/ (C|¢) = 0) is determined given e, and V,

C}I (62)

OV (Calt = 0) = Vo= (1=9) 1= e (ex) +q(e2) TS

It then follows from this expression that V/ (Cy|t) = 0) is a decreasing function of e,. Given
(16), this implies that V/ (0]¢) = 0) is increasing in e,.

Under the centralized institution, the same steps as above yield

1—0 dyl(ey)
0 (1—e)q (ez)’

VIO =1) =V (Cilp =1) = (18)

showing that the there is a positive difference in continuation values for A. Similarly, Propo-

sition 4 implies that V/ (C|¢) = 1) can be derived from (13) as

SVl =1) = Ve — (1 - 8) |1 — ear (e2) + aer) 2] (19)
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showing that it is a decreasing function of effort e,. Finally, (18) then implies that V (0|¢) = 1)
increases in e,.

Comparing (16) and (18), we obtain the following Lemma.

Lemma 6 Fizing any targeted effort level e, the continuation utility for A satisfies

VIOl =1) =V (Cilg = 1) > VI (0l¢ = 0) = VI (Cali = 0).

The result shows that P must incentivize A with a higher relative reward under the
centralized institution in order to obtain the same level of effort as with the separated
institutions. The intuition for this result is the following. Under the centralized institution,
the observed outcome is less informative about A’s effort, because D can act on the signal
information. Since effort counts less for A’s reputation, A is less willing to work hard unless
he is promised a higher reward.

The results so far show how the static trade-off translates to the dynamic framework. For
any effort level e, P’s instantaneous utility is higher in the centralized institutional structure,
since D’s use of the signal information lowers the expected cost of outcome. But to attain the
same level of effort in the centralized institution as in the separated one, P has to promise
a higher reward to A after the good outcome. But promising a higher continuation utility
to A reduces P’s future payoff, since P essentially accepts less effort in the future. To see
it formally, note that 3b) of Lemma 2 shows that, if we start from the optimal promised
value given the current belief, then increasing the continuation payoff for A after the good
outcome reduces the continuation welfare for P. This corresponds to static trade-off of ex
ante high-powered incentives versus ex post efficient use of the information.

The following result highlights the new trade-off that emerges when dynamics are con-

sidered.

Proposition 5 Suppose Assumptions 1, 2, and j hold. Fixing any targeted effort level e,

the following dynamic trade-off emerges: under institutional separation (1 = 0) learning
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about A’s type happens at a faster pace — the update in beliefs each period is larger —, but the

instantaneous utility is lower compared to institutional centralization (v = 1).

Consider the update in beliefs after the worst outcome in each institutional structure
given the equilibrium play, i.e. o, = C} in the centralized institution and o, = C in the

separated institution. It then follows that

pll—(1—¢)g(e) g

N 1—(1—6)[M(ez)+(1—M)Q(0)]’ = ‘M_ 1 —[ug(e.) +

H )
1—11)q(0)]
W (Chlp = 1) : belief update 1 (Coltp = 0) : belief update
with the centralized institution with separated institutions

so the beliefs are updated more strongly under the separated institutional structure. The
reason is that the final bad outcome y = B is more informative of A’s effort than the signal
s = B. This difference in the speed of learning translates into P’s utility. Since P’s belief
is a martingale, this means that the updated belief distribution with 1y = 0 — the separate
institutions — is a mean-preserving spread of the distribution with ¢» = 1 — the centralized
institution. By Lemma 1, since V' (i, V') is convex in i, this mean-preserving spread increases
P’s utility. The faster learning under the separated institutions increases the payoff from
this institutional choice.

Finally, we can show that the advantage of the separated institutions over the speed of

learning is highest for intermediate values of the belief u.

Corollary 3 The difference in learning pace between institutional structures is largest when

beliefs about A being an H-type are intermediate and smallest when beliefs are either 0 or 1.

Proof. In the Appendix Section A.3.8. =

The result follows from examining the dependence of the updated belief i/ on the prior
p. The intuition is that the advantage of leaning fast is largest when there is both enough
uncertainly about A’s type — a high value of learning — and enough prior information about

A — enough information so that any new observation can be valued.
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Proposition 5 has a direct implication for the possibility of institutional change in the

equilibrium path.

Corollary 4 Cycles between institutional centralization and separation can emerge on the

equilibrium path.

This conclusion follows because the advantage of institutional separation is highest when
the dynamic trade-off is strongest in favor fast learning — when the beliefs about A are
intermediate. When P does not have much information about A, the gains from choosing
institutional separation are lowest. The gains increase as A has a higher reputation, and then
decrease again as P has learned enough about A’s type so that the marginal contribution of
new observations to learning is low. This dynamic leads to cycles between centralization when
A’s reputation is low, separation when A’s reputation is intermediate, and then centralization
again when A’s reputation is sufficiently high.

In our motivation for this model, this dynamic can explain the fluctuations we see in
the data between centralization and separation, as well as the different institutional choices

made by different countries during the same time period.

4.3 Best PBE with Communication

The analysis of the dynamic model so far has focused on the resulting equilibria of the game
in which the public does not have any communication channels with the regulator. A natural
next step is to ask what is the best PBE if we allow the most general communication channel
between P and A. The answer to this question is interesting for two main reasons. First, we
are providing the natural complement to the previous section in which we characterized the
best PBE without communication. Second, one may wonder what is the optimal mechanism
in the problem we are presenting in this paper. We show that the best PBE with commu-
nication corresponds to the solution for the mechanism design problem with both adverse

selection and moral hazard, and without transferable utility.
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We begin by characterizing the optimal dynamic mechanism, and then we prove that the
solution corresponds to the on-path outcome of the best PBE for the principal. We extend
the dynamic setup to allow the agent to send a cheap talk message from an arbitrary message
space M, to the principal P. Intuitively, if P can incentivize the agent to declare his type,
then the principal may want to change the institutional design according to this revelation.?”

To characterize the optimal mechanism, by the revelation principle, we can focus on
the following type of “contracts:” The principal prepares two contracts Cy and Cr, where
each contract specifies the replacement probability after each history, and it is designed so
that type 6 self-selects contract Cy upon arrival, using the communication: Cy >y C; and
Cr =1 Cy. Here =y is type 0’s preference. As in the analysis of the best PBE, we focus on
the case in which the L-type does not work: ¢} (0) = cc0.”?

The next lemma shows that C;, = Cy is binding.
Lemma 7 The constraint Cy, =1, Cy is binding.

Proof. See Appendix A.3.9. =

Intuitively, if the constraint were not binding, the principal would like to replace the
agent as soon as he declares that he is a low type.

Given this lemma, we start with the relaxed problem in which the planner maximizes
the ex ante social welfare subject to the constraint that L is indifferent between the two

contracts, and then verify that Cy =y Cy, is also satisfied.

4.3.1 Optimal Contract for the L-type

Consider a contract for the high type Cy. Suppose that the low type declares H and enters
the contract Cy. Since ¢} (0) = oo, he does not work. Let p; be the probability that the

22Tn the static setup, the agent does not have incentive to declare he is an L—type, since this would cause
replacement. In the dynamic setup, however, he can “punish” P by deviating from the promised continuation
play. Therefore, P may be able to incentivize A to tell the truth about his type.

23Tn Appendix A.2, we explain that the same method to solve for the optimal mechanism works even if
L-type works.
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contract Cy terminates when no effort is exerted. The value that type L obtains from Cp is
Viu (Cu) = Zpt (1—-4d"),

where p; is the probability of replacement.
Given Cg, the optimal contract for the L-type, denoted by C; (Cy), maximizes P’s utility
given ) = L subject to the constraint that the promised utility is no less than Vg (Cy). To

solve for C; (Cy) at each Cy, consider the principal’s problem given 6 = L:

JL(V) = max /[pJ+ (1-p) {—(1—O)E[Cli. e, = 0,1,

p27L27V )

+0) Pr(o:ly,, . = 0,1.) Jp (VI (02))}dz.

Oz

Here we use the same notation as in Section 4.2. Since the L—type agent does not work,
there are no learning or incentive considerations for this agent, so it is optimal to always
pick ¢, = 1. Hence we omit the choice of 1/,. Moreover, given Assumption 1, it is optimal

to implement policy (Z after s = B. Hence the public outcome o, consists of 1/, = 1 and
c.

The principal is subject to the promise keeping constraint:

V= /(1 —p.) {(1 —0) +5ZPr(oz|wz,ez = O,LZ)VZ’(OZ)}CZZ.

We can solve this problem explicitly:

Lemma 8 The value function for P in the optimal contract with the L—type agent is given

by
JL(V)y=J—(J-SW)V. (21)

Proof. In the Appendix Section A.3.10. =

24Note that, given ¢, = 1 and the optimal ¢, the cost C' = C; uniquely pins down s = B; C' = C3 means
s=Gand y = B; and C =0 means s =y = G.
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Lemma 8 shows that Jy, (V) is equivalent to a convex combination of J and SW. That is,
P flips a coin and, with some positive probability, it replaces A, and with some probability, it
gives A the highest promised utility 1. In other words, P tries to replace A with the highest
probability, by promising the highest continuation payoff conditional on not being replaced.
Intuitively, since the L-type does not work and there is discounting, it is optimal to replace
A as soon as possible with maximum probability.

Given the optimal contract C; (Cg), the H-type always wants to tell the truth:
Lemma 9 For each Cy, with C; (Cy) implicitly given in Lemma 8, we have Cy =1, C; (Cy).

Proof. In the Appendix Section A.3.11. =

The result follows from the following three facts: first, since the H-type has the lower
cost of effort, he must obtain a weakly higher payoff than the L-type from choosing Cy;
second, the payoff from contract C; (Cg) is the same for all types, since it is optimal not
to put any effort regardless of type; and third, we construct C; (Cy) so that the L-type is
indifferent between Cy and C; (Cy). Hence, H-type weakly prefers Cy to C; (Ch).

4.3.2 Optimal Contract for the H-type

When P designs the contract Cj; for the H-type, she needs to take into account the effect of
Cj; on the value that the L-type obtains from Cj;, Vi (Cj;), since it affects P’s utility through
the L-type’s incentive compatibility constraint C; = Cj;. In particular, suppose now that
P is at history h' after A declares type H. Let Pr (h'|0) be the probability that the contract
reaches history h' if A is type 6; let Jy (h') be P’s continuation welfare given an agent of
type H; and let Vi (k') be L-type’s continuation payoff. From the ex ante point of view,
when we change Jy (h') by Ay, then P’s ex ante welfare changes by py Pr(h'|H) Ay. At
the same time, when we change V5 (h') by Az, then the ex ante value V5 (C3;) changes by
Pr(h!|L) Apy. Since Jp, (Viy) is linear, this changes J;, (Vo) by — (J — SW) Pr (h'|L) Apy.
Hence the effect of the ex ante welfare of P is — (J — SW) (1 — pupy) Pr (h*|L) Apy. In total,
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the optimal strategy for P is to maximize
pog Pr (R H) Jy (h') — (J = SW) (1 — pyy) Pr (R'|L) Vg (R') . (22)

Note that here we use the linearity of J; (V,y) to separate the decision problem in
history A’ from one in history h' # h'. The marginal effect of changing Vi (h') on the
ex-ante welfare is independent of the value Vg <iLt> , since Jr, (Vpg) is linear. Otherwise,
the marginal effect would depend on the ex-ante value Vg that the L-type receives from
telling a lie, which depends not only on Vg (k') but also on Vg (71’5)

By affine transformation, expression (22) becomes
p (H) i (W) + (1= (W) [T~ (7 — W) V], 23

where
Pr (hY|H
M(ht): pogr Pr (R H) ‘
i Pr(RTH) + (1~ 1y7) Pr (W]E)

The expression for P’s expected continuation utility given in (23) highlights the impor-
tance of the L-type’s existence. When P constructs contract Cj;, it must account for what
would happen if the L-type reached period ¢. The value of contract Cj; for the L-type affects
the incentive compatibility constraint C; =, Cj;, and through this it affects P’s expected
welfare. The importance of this consideration depends on how likely the L-type is to reach
each history compared to the H-type. This relative importance is equivalent to P’s belief
in the best PBE. Hence, the problem for P becomes similar to the one analyzed in the best

PBE,and we derive the following main result:

Proposition 6 The mazximization problem for P under the optimal dynamic mechanism is
the same as in the best PBE without communication, except that the instantaneous welfare
15 replaced with

—p(L=0)E[C|0 = H, 1., s 6] + (1 — p) SW.

Proof. In the Appendix Section A.3.12. =
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The instantaneous welfare differs for the following reason. Once A declares his type as L
in Cr,, then P can tailor the policy response for the L-type versus the H-type. Specifically,
P’s optimal response after A declares type L is to choose v, = 1, i, = (P if s = B and
i, = 1% if s = G. This achieves welfare SW.

Since this difference in the instantaneous welfare does not affect any of the statements
of Lemma 1, exactly the same trade off between the separate and centralized institutions

shows up in the mechanism design solution.

Corollary 5 The optimal mechanism can feature cycles between institutional centralization

and separation.

The analysis of the optimal mechanism reveals that the same dynamic trade-off emerges
even when A is an H-type and can communicate his type to P. Even if only H-type declares
H on equilibrium path, the institutions must be designed to account for the possibility that
A may be an L-type who tells a lie. Some histories are easier for L—type to reach, while
others are more difficult. This implies that both replacement and changes in institutional
structure over time are part of an optimal contract.

To conclude the analysis, we now verify that the solution for the mechanism design

problem corresponds to the best PBE for P with communication:

Lemma 10 The solution for the mechanism design problem corresponds to the best Perfect

Bayesian Equilibrium for P with communication.

Proof. See Appendix Section A.3.13. =

Intuitively, since the mechanism design allows commitment for P, it should achieve weakly
higher welfare. Yet, as in Lemma 3, we can construct a punishment to support the same
outcome in a PBE with communication. Therefore, the solution to the mechanism design
problem achieves the same welfare as that of the best PBE with communication.

Finally, we can discuss the robustness and limitations of this result. First, the method

is applicable even if the L—type works, as long as Jy is linear. Otherwise, the effect of
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changing Vg (h') after a specific history A’ on the ex ante welfare would depend on the
values of Vi i <l~zt> after other histories h'. The global linearity of .J, (Voy) depends on the
assumption that L-type does not work. However, we have linearity near Vg = 0 even if the
L-type works. Intuitively, if the promised value Vg is very low, then replacement happens
with a positive probability. We guess and verify that, as long as the cost function satisfies
Assumption 1, J;, (Vg) is locally linear in Vy. This is then enough to derive the recursive
formula. We provide the details in the Appendix Section A.2.

Second, if we have more than two types of agents, then we do not a priori know which
constraint is binding. With two types, we know from Lemma 7 that C; =5 Cg is binding.
Otherwise, the principal could lower C; by immediately replacing the L-type, which is not
incentive compatible. Suppose we also have third type, M, whose marginal cost of effort is in
the middle of that of types H and L. For the contract designed for M, Cj;, and his preference
=, we do not necessarily know whether Cy; =3, Cy or Cps =y Cr. Even if neither of them
is binding, we do not know whether the principal wants to replace M. This decision depends
on whether keeping M is welfare-enhancing as opposed to only having the two other types.
Hence there is a large degree of freedom around which constraint binds, as often is the case

in models with both adverse selection and moral hazard, without transferable utility.

5 Conclusion

This paper considered the institutional design problem in which costly effort provision is pos-
sible in a model of information transmission between an informed agent and an uninformed
decision maker. We show that introducing effort in this environment leads to a trade-off
between information manipulation and effort provision. The ability to withhold information
from the decision maker encourages more effort, through the incentives of regulators to im-
prove their reputation. Yet, information withholding has the drawback of possibly leading
to costlier crises, as the decision maker is not able to make an informed decision that may

improve welfare.
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We argue this trade-off is relevant for the design of regulatory institutions. In the case of
banking supervision institutions, the model helps explain the variation in regulatory struc-
tures across countries. It shows that the choice of institutional centralization versus separa-
tion reflects the trade-off of effort provision versus information transmission. Moreover, the
model helps explain why cycles between these two institutional structures may occur over
time, as in the example of the Bank of England. The model shows that such changes are

optimal, as means of providing incentives for higher regulatory effort.
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A Appendix

A.1 Additional Results
A.1.1 Generalization of the Agent’s Utility

One may wonder whether the static trade-off obtained in Section 3 is due to the form of the
agent’s utility function, which limits the benefits of reputation to only one outcome. In this
section, we show that the model is in fact robust to more general utility forms, in which A’s
reputation changes continuously as a function of the possible outcomes.

Consider the general form for A’s utility, u* (Pr(6 = H|C)), where u (-) > 0 is a concave

increasing function of Pr(f = H|C).

Separated Institutional Structure The general form of u*(-) does not significantly alter

the properties of the equilibrium.

Proposition 7 An equilibrium with separate institutions exists, and it has the following

main properties:

o (Effort strategy) The equilibrium effort choices satisfies ey > ey, with strict inequal-

ity if eg > 0.

e (Intervention Strategy) D intervenes in the intermediate stage after m = B and

does not intervene after m = G whenever eg > 0.
e (Beliefs) Equilibrium beliefs satisfy:

Pr(6 = H|C = 0)
Pr(6 = L|C = 0)

>

Proof. In Section A.3.14. =
As before, the H-type exerts higher effort in equilibrium. Given Assumption 2, D always

wants to choose (? after a bad signal and to choose (“ after either a good signal or no
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information. As described below, A will only withhold information from D in case of a bad
signal, which makes it optimal for D to respond by intervening whenever m = B. Finally,
as before, the public’s beliefs about A’s type are highest after a good outcome (y = G) and
lowest after a major crisis (y = B).

With separated institutions, the general form of the payoff from reputation now allows

for multiple types of equilibria:

Proposition 8 With separate institutions, there can be three types of equilibria in terms of

effort and message strategies:

(1) A full revelation equilibrium: A with § = L takes e} and sends m = B after
s = B; A with § = H takes e}; and sends m = B after s = B; and A always sends m = G
after s = G.

(2) An equilibrium with partial information withholding: A of type L puts in
effort €5 and sends m = G after s = G and message m = B after s = B. A of type H puts
in effort e}, and sends m = G after s = GG, message m = G with probability v and message
m = B with probability (1 —~) after s = B, for v € (0,1).

(3) An equilibrium with full information withholding: A always sends m = G
after every signal.

Proof. In Section A.3.15. =

In the equilibrium with full revelation, A sends a message that is fully informative of

the signal. In the other two possible equilibria, A withholds information from D in order to

avoid the reputational loss due to an intervention.

Centralized Institutional Structure In the centralized institution, the equilibrium prop-

erties described in Proposition 2 are maintained.

Proposition 9 An equilibrium with centralized institutions exists, and it has the following

main properties:
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o (Effort strategy) The equilibrium effort choices satisfied ey > ey, with strict inequal-
ity if eg > 0.

o (Intervention Strategy) D intervenes after s = B and does not intervene after

s=G.
e (Beliefs) Equilibrium beliefs satisfy:

Pr(0 = Hly = G)
Pr(0 = Lly = G)

Proof. In Section A.3.16. =
For simplicity of exposition, consider the case in which e = eg = €. As before, A’s effort
is strictly higher for the H-type whenever positive effort is undertaken. With the general

form of the utility function, the first order condition (10) becomes

¢ (eo) {(1 = 2) (u(bg) —u (bg,)) — & (u(bZ,) — u (b)) } = ¢ (eo) .

where
, _ Pr(0 = H|outcome)
outcome — 7 Pr(e = H]outcome) .

(24)
This condition can then be used to derive the following comparative static of effort with

respect to €.

Proposition 10 Effort ey is decreasing in € if

(1—e) (ut(bg (en)) — u? (b, (en)))

MA. (eg) = ¢ (en)
! e (uA (B, (en)) — u (b8, (en))

1S concave in ey.

Proof. In Section A.3.17. =
The above result shows that A’s incentive to exert effort is higher when the precision

of the signal is lower: when it becomes more likely to reach the bad outcome or to have
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an intermediate intervention (that costs C7) when the outcome would have otherwise been
y = (. In this case, observing y = G increases the public’s belief that A is an H-type, while
observing the other two outcomes decreases the public’s belief. This reputational effect in

turn increases the incentive for A to exert effort.

Ex-ante and ex-post trade-offs. We can now show that the same trade-offs highlighted
in the simple model from section 3 exist in the model with the general payoft from reputation.

Define

e Pr(0 = Hloutcome, separated institutions)

outcome —

1 — Pr(0 = Hloutcome, separated institutions)’

and b¢

S utcome 38 11 (24). We use these expressions to derive the conditions under which separate

institutions generate higher regulatory effort and lower expected costs of the outcome.
First, we can conclude that the full revelation equilibrium in the case with separate

institutions leads to the same equilibrium outcomes are the centralized institution.

Proposition 11 The equilibrium requlatory effort and the expected cost of the outcome are

the same under both institutional structures if the following conditions are satisfied:

o When s =G, =19 gives A higher utility than 1 = 7 :

192 (1-q()e
-9 +T-g@z" ) T a-a+ @ —g@ye ) =0,

o When s = B, 1 =1% gives A higher utility than . = 7 :

q (€> € A y.sep (1 —dq (6)) (1 B 5) A /y.sep A/1.8€ep
u™ (b + u” (b < u?(bs7).
@+ A—g@a-9" "t @t i-g@n-g" e =)
Proof. In Section A.3.18. m
If the conditions of Proposition 11 are not satisfied, then the equilibrium with sepa-

rate institutions features a different effort choice and intervention outcome compared to the

centralized institution.
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Proposition 12 In the equilibrium with partial or full information withholding for the sep-
arated institutions, effort ey is higher with separate institutions if the following 2 conditions

are satisfied:
1. ¢ (en) {u? (6™ (em)) — u(b5F (en))} is concave;
2. M A, (ey), defined in (25), is concave.

Proof. In Section A.3.19. =

Proposition 12 shows that effort is higher under separated institutions whenever the
marginal benefit of effort of concave in both institutional environments. This condition
ensures that the public’s beliefs do not change drastically as effort increases: they do not
put much higher probability on A being an L-type if the outcome y = G is not observed. If
this were not the case, the reputational gains from more effort — or the reputational losses
from an intervention or a bad outcome — would lead A to want to put in ever more effort
to avoid the risk of his reputation decreasing. Therefore, these conditions ensure sufficient
regularity to the payoff obtained from reputation. Assuming a sufficiently concave ¢ (e) or

sufficiently low ¢ (e) and ;LI ((ee)) Ve € [0,1] guarantee that the above conditions are satisfied.””

Proposition 13 Suppose all the conditions in Propositions 10 and 12 are satisfied. Then
the expected cost to the public is lower under separate institutions if € and % are sufficiently

high.

Proof. In Appendix Section A.3.20. m

Proposition 13 shows that the conclusion derived from the simple model of Section 3
extends to a more general specification for the evolution of A’s reputation. Under the regu-
larity conditions described above, the same trade-off emerges: centralizing the institutional
structure provides the benefit of using the information efficiently to save costs; however,

regulatory effort decreases.

25The details are presented in the proof to the Proposition.
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A.1.2 Integrated Objectives

So far, we have examined the case in which the objective of A and that of the central bank do
not change with institutional structure. One may argue that the institutional centralization
should bring about a change in the objective of A or D. In what follows, we study this case.

We consider the same setup as in Section 3, with the change that now the utility of A in

the centralized institution is given by:
u™ = o [u?(Pr(0 = Hloutcome)) — cp (€)] + (1 — a) (—¢(s)Ch — (1 — 1(s))1,=5C5)
while in the separate institution, it is as before,
uy” = u(Pr(0 = H|outcome)) — ¢y (e)
The objective of the decision maker remains that of minimizing the expected cost:
u=—C.

Under Assumption 2, this implies that D intervenes after s = B and does not intervene after
s=G.
The problem and the equilibrium characterization does not change in the case of separated

institutions. In the case of institutional centralization, we can derive the following results.

Result 1 In the centralized institution, requlatory effort decreases in «. Moreover, there

exists o € (0,1) such that A’s effort is higher in the separated institution whenever o > a*.

The result from the analysis of A’s problem,

max o [Pr(y = G,s = Gle) —cp(e)] +
(1 —a)(—Pr(s = Ble)Cy — Pr(s = G,y = Ble)Cs),
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which leads to the first-order condition

l—«

qd(e) |(1—¢e)+ (eCy—eCi+ (1 —¢)Cy)| = (e).

Analyzing this condition, it follows that A’s effort choice is higher whenever he places some
positive weight on the central bank’s objective. The distortions described in Section 3 persist,
however, in the model with integrated regulatory objective, as long as A continues to place

sufficient weight on reputation.

Result 2 For a > a*, the expected cost of a banking crisis is larger in the centralized

institution than under separate institutions if € and g—; are sufficiently high.

The result follows from the same analysis as in Proposition 3 whenever the equilibrium
effort is higher with separate institutions — the case when A still places sufficient weight on

his reputation relative to the objective of the decision maker.

A.2 Dynamic Analysis when the L-type also works
A.2.1 Best PBE without Communication

The equivalence of the best PBE to the best sustainable equilibrium is readily extended
to the case in which L-type works. Hence, we are left to characterize the best sustainable
equilibrium.

Once the principal decides the replacement probability after each event, it determines the
best response of the L—type. In particular, once the principal decides the target effort for
the H—type, e, and the continuation promised utility for the H—type, V' (0.), the L—type

maximizes his own payoft:

Vi V) = max / (1= p2) {(1— 6) (1 — ez (c2))

{ez}z

+(5ZPT (Qz‘lpza €z, [/z) VL (:LL/ (:U’sz? 6§7€f7 LZ?OZ) 7V/ (OZ))}CZZ

Oz
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Here Vi (i, V') is the value function of the regulator with type L when the belief is p and
the promised utility for the H—type is V. In the maximization problem, {ez, e,y is the
equilibrium effort. Since the principal believes that the agent follows the equilibrium effort
when calculating the belief update, effort el is not controlled by the L—type agent.

The principal’s problem is to maximize

TwV) = max [lpd - p) (1= 5 B [-Cloel ]

(P2 .setlielons, VD), J 2

+ (1= W E[-Cly,, ef, 1.]]
+5ZPT (0Z|/’L7¢z762’7[/z) ( (:LL %a z z’LZ’Oz) 7w<0z>)}]d2

Oz

At the same time, we keep track of type L’s value function:

Ve V) = [@p (=0 (1 cr (D))
+(5ZP1" 0:|0., el ) Vi (1 (i, el el e, 0.) V! (0,)) Yz

1. Promise keeping constraint:
V:/<1_pz){<1_5) [1_CH +6ZPT 0z|¢27 €, ,t ) (z)}dz; (26)
2. Incentive compatibility constraint for the high type: For each z with p, > 0, we have
H
e, Eargmax{(l—é) [1—cy(e +5ZP1‘ 0.1,,e,.,)V, (oz)}, (27)
3. Incentive compatibility constraint for the high type: For each z with p, > 0, we have

(1=0)(1—ce(e))

el € arg max . (28)
¢ +620z Pr (OZ|¢276’ LZ) VL ( (M ¢z7 z) z 7[‘2’02) 7VI (OZ))
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Hence now the problem is recursive on social welfare function J (1, V') and type L’s value

function Vi, (11, V). The rest of the analysis is accordingly generalized.

A.2.2 Best PBE with Communication

The equivalence of the best PBE to the best mechanism design problem equilibrium is readily
extended to the case in which L-type works. Hence, we are left to solve the mechanism design
problem.

We will show that the above method is robust even when the low type works. If the low
type works, then the social welfare J;, (V) from the low type is not globally linear given
Vi (the value that the low type obtains from Cj;). One may wonder how to modify the
step from (43) to (44).

In particular, Jy (V') solves the following problem: Since we condition that the type is

low (and guess Cj; =g Cj is not binding), we have

1=6)(1— W) E[=Cl, et
5V = max / (1=0) (1= E[-Cly, e, L] &
(P2 ,52502,VY) J +6 Zoz Pr (02|wz, €, Lz) JL (VZ (OZ))

subject to

1. Promise keeping constraint:
V= /(1 —p.) {(1 —8)[L—cp(e)] + 0 Pr(o.|v, es ) V! (oz)} dz; (29
2. Incentive compatibility constraint: for each z with p, > 0, we have

¢; € arg max {(1 —0)[1—cp(e)] + 52 Pr(o.|1,,e,t,) V! (oz)} : (30)

By the same proof as Lemma 2, there exists V7, > 1 — ¢ such that Jp, (V) is linear for
Ve [0, VL] :
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Lemma 11 For each J, there exists Vi, > 1 — § such that Jp, (V) is linear for V € [O, VL].

Suppose we relax the principal’s problem further so that the value from the L—type is

Jp, (V), where J;, (V) is linear extension of J;, (V) for V > Vp:

J(V)=J— LL(VL)V.
Vi

If C}; =g C; is not binding and J . (V) is the true welfare from the L—type, then the
method in Section 4.3 will go through. Relegating the algebraic derivation to Section A.3.21,

the principal solves

T V) = max [T U p) (1= 6) (B [Clu, el o]

{pz wz 6 eL bz, V/}z z

) [J—%LL(” 10 (4

+5ZPr 0, et ek ) T (1 (1,0, el ek s, 02) V! (02)) Hdz. (31)
At the same time, we keep track of

Viwr (V) = / (1= p2) {(1 = 8) [1- ez (¢b)]

z

—{—52131‘ Oz|¢za €, vaZ) VLH( (,U %, € z?"Z?OZ) ’V/ (Oz»}d'z

The constraints are:

1. Promise keeping constraint:

V:/(l—pz){(l—é) [1—CH +5ZPr 0.1, e, L) Z’(oz)}dz;
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2. Incentive compatibility constraint for the high type: For each z with p, > 0, we have
el € argmax {(1 —O)[L—cu (€] 463 Pr(o|é.,e,i) V! <oz>} ;

3. Incentive compatibility constraint for the high type: For each z with p, > 0, we have

L (1=0)[1 —cp(e)]
e, € argmax
¢ +5 Zoz Pr (0z|r(/)za €, Lz) VLH (,u (M: 1/1z, efa 657 22 Oz) ) V/ (Oz))

Finally, .J is the fixed point such that

J = max {(1 — ) Jo (Ve (s V) + i T (s V)} = max J (ug, V).

Let us call this problem “relaxed problem Cj =1 Cj.”

To show that J (i, V) is the solution for the original problem, we are left to verify that
there exists VV* € argmax J (uH, V) such that, given Cj; associated with this dynamic
programming with initial state (uy, V*), (i) the value that the low type obtains from Cj is
in [0,V2] (and so indeed J;, (V) and Jr, (V) coincide) and (i) C}; =5 C; holds.

We can show that we can always find such a V*:

Lemma 12 There exists V* € arg maxy J (,uH, V) such that, given Cj; associated with this
dynamic programming with initial state (pg, V*), (1) Vi (Cy) € [O, VL] and (ii) Cy; =n C;
holds.

Proof. In Appendix Section A.3.22. m
Since the problem is parallel to the dynamic game, as in Lemma 2, we can show that
J (pg, V) is constant for V € [0,V] with V > 1— 4. That is, arg max;, J (,uH, V) =[0,V].
This means that we can take V* sufficiently small so that Vg (C};) is no more than Vi
Moreover, unless C}; =x C; prevents the principal from taking V* < V, changing the

value promised to the H—type does not change the ex-ante welfare. Hence, we do not need
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to worry about C}; =y C; unless this constraint prevents the principal from taking V* < V;
however if this were binding, then the principal could improve its welfare by the following
replacement, which yields a contradiction: upon arrival of the regulator, P replaces him
regardless of his type with a positive probability (using the public randomization). Only
if he is not replaced, the contracts (Cj;,C;) are offered. Since the replacement does not
depend on the reported type, it does not change the incentive compatibility, but reduces the
promised value V* for the high type.

One may wonder why it is optimal for the principal to choose V* very small. A small V*
means that the H—types are replaced with a high probability, and it may seem inefficient;
however, keeping the H—type agent comes with the cost: we cannot replace the L—type
quickly enough. By committing to the following strategy, the principal can reduce V* without
hurting the ex-ante efficiency: no matter what the agent says, the principal replaces him with

probability p. From the ex-ante perspective, the principal obtains

[y X social welfare from type H

<= r_ +(1-p)
+ (1 — ppy) % social welfare from type L
ex ante the principal S ~ ”
social welfare gets a new draw = J by dynamic

programming

That is, regardless of this replacement, the principal obtains J and so is indifferent.

This argument of using the replacement relies on the fact that the replacement is not
costly. If the replacement is costly, then the above solution gives us the approximation of
the second best. In other words, the above solution is the bench mark when the replacement

is costless.
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A.3 Proofs
A.3.1 Proof of Proposition 1

Part 1. Effort strategies

It is sufficient to show that ey is weakly increasing in 6 since if ey = e, then bo, = bo, =
be? = Z—’L{, and each agent puts in zero effort.

Let v (0) be the equilibrium payoff of A with type 6. Take two types 6,60 with 6 < ¢'.
When A with type ¢’ takes the same effort ey and message strategy as type 6, he induces the
same distribution of the reputation as 6. For such a deviation not to be profitable, we have

v (0") > v (0) + cy(eg) — co (eg).

Note that — (cg (eg) — co (€g)) = co (€g) — cyr (eg) is the extra cost that type 6" has to pay to
exert effort ey compared to type #. Similarly, so that A with # does not want to pretend to
be type ¢, we have

v(0) > v(0)+cy(eg) — co(ey).

In total, we have
co(eg) — cg (eg) > v (0") —v(0) > cy(eq) — co (eg).
Rearranging these inequalities yields
co (eg) — o (eg) = o (eqr) — o (e0) -

Since we assume that the marginal cost of e is decreasing in 0, we have ey > ey, as desired.
Part 2. Beliefs
We focus on the equilibrium with ey > ey.
2.a) Proof of b > b,

For the sake of contradiction, suppose by < b¢,.
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We first show that bo, > be,. Again, suppose otherwise: be, < be,. Then each agent
wants to send the message m® € M to maximize the probability of D’s action (. If D
is not indifferent between (& and (P after mP?, then this gives each agent the payoff of
u (be, ), and no agent has the incentive to put a positive effort and so by = b, = be,, which
is a contradiction. If D is indifferent, then D induces the intermediate intervention with
probability p (note that p is independent of s or ey since each agent sends the message m*

to maximize p). Hence A’s payoff is

(1 =p)lg(eo) u(bo) + (1 =g (eg)) u(be,)] + pu(bey) = co (eo) -

The marginal benefit of increasing ey is non-positive [recall we are assuming by < be, < be, |
while the marginal cost is positive. Hence, no agent puts in positive effort. Therefore, we
have b, < be,.

Hence under the initial assumption of by < b¢,, there are following two cases: b, < by <
b, or by < be, < bey,.

We now show that bo, < by < be, cannot be the case. Suppose bo, < by < b, for the sake
of contradiction. Then each agent wants to send the message m* to minimize the probability
of D’s action (2. Let p be the probability with which D induces :? (again p is independent

of s or ey since each agent sends the message to minimize p). Hence A’s reputation is

p - Mralen) 1 —p) _ prq(en)
* 7 upaler)M—p)  ppaler)

and
_ P (1—q(en))(1—p) _ P (1—q(en))
pp(L=qlen)(I=p)  p,(1—qlen))

be,

From Part 1 above, it follows that be, < by, so we reach a contradiction.

Finally, the remaining case is by < bc, < be,. Let p (m) be the probability that D takes

26



B after message m. Then, A’s payoff is
Pr (sleg) max {[1 — p (m)] [Pr (y = Gleg, 5) u (bo) + Pr(y = Bleg, 5) u (boy)] + p (m) u (bey )}

Since Pr (y = Gle, s) is increasing in e and s (we say G > B for s) and we assumed by < b¢,,

we have that

Pr (y = Gleq, s) u (bo) + Pr (y = Gleg, s) u (be,)

is decreasing in ey and s. Since Pr (s = G|ey) is increasing in ey, we have

Pr (sleg) max {[L — p (m)] [Pr (y = Gleg, 5) u (bo) + Pr(y = Bleg, 5) u (bo,)] + p (m) u (bey ) }

decreasing in ey. Therefore, no agent has an incentive to put a positive effort, which is a
contradiction.

In total, we have contradictions unless we have by > b¢,.

2.b) Proof for b, > ’;—IL{ > bey, be,

In the separate institution, let v, , be the probability of 1% given type 6 and signal s. We

have

p [q(en) (1 = €6) vou +a(en) eavpn]
pp (g (en) (T —ea)var +aler)esvpy]
(

q(en) (1—ec) + (L —q(en))en] (L —van)
+lg(em)ec + (1 —qlen)) (1 —ep) (1= vpu)
[a(e2) (1 —ec) + (1 —qler)) en] (1 —7a.)
+lg(er)ec + (L —q(er)) (L—ep)] (1 = 7p.)
)
)

Hr
T pg [(1—q(en))epvan + (1 —qlen)) (1 —eB)Vpu]
i pp [(L—qen))epvar + (1 —qlen) 1 —ep)vpL]

A with type 6 sends m to minimize the probability of ¢Z if

Pr(y = Gleg, s) u (bg) + Pr (y = Bleg, s) u (bc,) > u (be,)
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and only if

Pr(y = Gleg, s) u

(bo) + Pr(y = Bleg, s) u (be,) > u(be,) -

Since by > bc,, the left hand side is increasing in e and s. Since ey > ey, we have Yao = VBo

for each 6 and v, ; > 7, 1 for each s.

It vy =0, then v, = 0 and so

bO—M—H

Ky,

Hb
Ky,
Hb
Ky,

(N
@((2—’

~—

(1—¢e)vgu +alen)evpn
(I1—¢)vgr+aler)evpr

—1>>0

)

~—

Y,

~— | ~—

Ya,L

since ey > er, and Vg iy > V.- On the other hand, if v ; > 0, then we have

by — [a2:1
Hr,

Hu
Ky,
Hu
Ky,

Hu
M,

v

123z 1

Ky,

v

Hu
M,

In total, we have by — Z—fL’ > 0.

Suppose b, —

and y = B, in order for the belief to be consistent with the prior, we have bo, —

Hence the agent wants to minimize the probability of

(q
(q

(em) (1 —¢) Ya,u T4 (em) €YB,H
qler) (1 —¢€)vgr+aleL)evpy
(

_1)
(er) (1 —¢e)ven +alen)evpn
1—¢)

q(er) Yo +a(eL)evpu B 1)
(q(em (er)) (1 —e)vg H+€7BH)

(
(
) -

qg\e
qler)(1—¢ VGH‘f‘CI(eL)gVBH

(q(er) —qle ((1_5)%3}1"‘5731{)
q(er)(1 Ya,u T4 (er)evp H

(a(en) —a(ex)) (1 25)7371{) o

)
)

)
L))

— )
)

q(er) ((1 —&)Yam T 5’YB,H)

”—;’ > 0. Then since the belief is updated positively after both final y = G

Ba -,
L

. By Assumption (5), sending the

same message between s = G and s = B allows the agent to achieve v5 y = V55 = V¢, =
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Y = 1 and so

B @(1—Q(6H)_1)

fr, pr \1—ql(er)
b (alem) —qler)
N uL( 1—q(er) ><0’

which is a contradiction. Therefore, we have b, — Z—fL’ < 0.

Finally, if v ;, = 75 1, then since we have 75 y > v and v5 g > Vg 1, we have

b By fy +[q(€H)€+(1—q(eH))(1—€)](1—7371{)
c, — - =

Ky, Ky,

{ lg(en) (1—2) + (1 —qlen)) el (1 =761 }
1

IN

1259

)
en))el (1= v.) }
I( }_1
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since ey > er. On the other hand, if v ; > vp 1, then

lg(en) (1 =)+ (1 —qlen)e] 1 —van)
b b +lglen)e+ (1 —qlen) (=) (1 —vpn)
a e [g(er) (1 —¢)+ (1 —q(er))e] 1_’YGL
+lger)e+ (1 —qler) (1 =) (1 —py)

| 1
)

g (enr) (1—2) + (1= q(em) ) (1 - 76) }
)
| )
)

w | L +laleme+ (1= alem) (1= 2] (1= 75,)

IN

He [a(er) (1—e)+ (1 —q(er))el (1 —76.)
+lg(e

e+ (L—qler)) =) (1 —7p1)
_ M—H(q(eH)—q(eL)) [(1—28) (1 —yg.) —(1—2¢) (1 —vp,)]
H " [a(er) (1 =€)+ (1 —q(er))el (1 —76.)
+lgler)e+ (1 —qler) 1 =2)] (1= 7py)
< M (q(ex) — ¢ (er)) [(1 — 2¢) (1 - VG,L) —(1—2¢) (1 - ’YG,L)}
e " [a(er) (1 =€)+ (1 —q(er))el (1 —76.)
+lg(er)e+ (L —q(er) 1 =) (1 —vp.)

In total, we have bo, < Z—IL{ as desired.

Part 3. Messaging strategy

If ey =ep =0, since bo, = be, = by = the agent is indifferent between any message.
Hence any m (s) : {G,B} — M is an equlhbrlum strategy.

If ey > 0, given the results shown in part 2 above, and the form of the utility function

u(b), the agent A receives payoff 0 if the decision maker takes (7.

Therefore, each agent
sends the message m which minimizes the probability of 7.

Part 4. Intervention strategy

If ey = er = 0, depending on the message strategy, there is multiplicity of the inter-

vention strategy. For example, if m (s) is such that M = {G, B} and m (s) = s (that is,
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message G signifies the signal G and message B signifies the signal B), then (4) implies that
D takes (P if and only if she receives message B. Another example is that m (s) is such that
M = {0} and m (s) = {0} for each s € {G, B} (babbling equilibrium). Then (5) implies
that D takes (¢ all the time.

If ey > 0, given the messaging strategy, each agent sends m € M to minimize the

probability of (%, Given (5), D takes :“ on equilibrium path.

A.3.2 Proof of Proposition 2

Part 1. Effort strategies

The proof that ey > ey, with strict inequality if ey > 0, is the same as the one in the
proof to Proposition 1, Part 1.

Part 2. Beliefs

In the combined institution, we have

prg(en) (1 —eq)  pypqlen).

b = ppaer) (I —eq)  ppqlen)’
y . Hmlalen)ea+ (1 —qlen) (1~ )] (1 —=vpu)
“ o mlaleee + (—qlen)) 1 —ep)] (1= 7p.)
bo, = Mu(l—alen)es  pu (1= alen))
’ pr(1—q(er))es  pp(1—qler))

This is essentially the same as in the case with separate institutions described in Part 2
of the proof to Proposition 1, with v; y = 75, = 1 and v5 5 = 75, = 0. So we have
bo > Z—f > bC’pr’z-

Part 3. Intervention Strategy

The expected cost of i¢ after signal s = B is

e )2
CoPrly = Bls = B) = Gy = o7 — o)
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while the expected cost of «Z is C}. Since ¢ (e) is increasing in e, we have

1 1

>
PIOE 2 — e :
T T maapae T

and so
(1 —qle)) (1 —¢) q(1)e -
et 05 2 (T ) o
Assumption 2 states that
q(1)e -
o (rpa=a t) >% )
so (32) and (33) imply
(1—gq(e)) (I —¢)
N B ) e R
Therefore, the optimal strategy is (P if s = B.
If s = G, the expected cost of (7 is
o (1-q(e) 2
=B =9 = S e g @ o)

while the cost of (¥ is C}. Since ¢ (e) is increasing, we have

1 1

<
@09 = T i’
I+ e M o

and so
g(e) (1—2)\ " g(0) (1—e)\ ™
(i fitimn) <ol i) 3
Given Assumption 2,
g(0) (1—2)\ "
o1+ 2 gms) <O &

so (34) and (35) imply



and (© is therefore optimal when s = G.
Part 4. What if we allow the message exchange?
As in Parts 2 and 3 of Appendix A.3.1, each agent sends the message to minimize the

probability of :Z, and so no meaningful message exchange is made.

A.3.3 Proof of Lemma 1

Part 1: Concavity with respect to V.

We show that J (p, V') is concave in V' with a fixed pu. Suppose V = Vi + (1 — 5) V; for
V1, Va; and let o [V4] and « [V3] be the optimal policy for (u, V1) and (u, Va), respectively.

Suppose the principal take a [V;] with probability 5 and « [Vs] with probability 1 — 3,
according to the realization of the public randomization device.

We need to check (i) we satisfy the promise keeping and incentive compatibility; and the

principal’s value is at least 5.J (u, Vi) 4+ (1 — 5) J (u, Va).

1. Since both « [V;] and « [V3] satisfy promise keeping

¥G=‘/M—MJWHO—®H—w®QMM

Z1

—1—(52 Pr (0.]1, [Vi] ez, [VA], ey [VA]) VI [VA] (02) Hdz

Oz

and

%:=/meM@KPWm—%®MWH

z2

+6 Pr (0., [Va) s ez, [Va] s s, [V]) V [VA] (02)})d 2o,

Oz
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we have

V o= BVi+(1-75)V,
_ / (1= pay (Vi) {(1 = 8) [1 — e (e [VA])

+6 Y Pr (0.t Vi, ez, Vi, eay [VA]) VY [VA] (02) Y]dz1]

Oz

+ =B [ 10 pa (1= 9)[1 = e (ezy Vi)

z2

183 Pr (sl [Val sy [Va] 12y [Val) V [Va) (0.)} ]z

Oz
Hence promise keeping is satisfied.

2. Conditional on the realization of the public randomization device, since both a [Vi]
and « [V5] are incentive compatible, A with type H will take e [V;] and e [V5] according
to the realization of the public randomization device. Hence incentive compatibility is

satisfied.

Therefore, we are left to verify that this policy gives the principal at least the value
BJ (11, V1) + (1 = B) J (i, Vo). With probability (5, we achieve J (i, V1) and with probability

1 — B, we achieve J (u, V3) since we fix ;. Hence we achieve

BT (Vi) + (1= 5)J (1, V2),

as desired.

Part 2: Convexity with respect to p.

Let J (u, V, H) be the social welfare when the principal follows the optimal strategy given
(u, V'), and the current type is actually H; and let J (i, V, L) be the social welfare when the
current type is actually L. We have

J(p, V) = pJ(p,V.H)+ (1 —p)J(n,V,L)
= J(w V. L)+ plJ (V. H) = J (1 V,L)].
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Take p, piq, f1o and 3 such that pu = Suy + (1 — B) uy. By taking the strategy given (p, V)

when the belief is p, the principal guarantees herself

/~L1J(/~L7 V7H) + (1 _M1>J(M7V7L)
= J(M7V7L)+/~L1[J(/JJ7V7H)_J(Mvva)]
S J(ula‘/)'

Similarly, we have

‘](H>V>L)+M2[‘](N7V7H)_J(:ua‘/aL)] < J(u2,V).

Hence J (i, V') is on the line with y-intercept being equal to J (i, V, L) and the slope being
equal to [J (i, V, H) — J (u, V, L)]. On the other hand, J (11, V) and J (i, V') are above this
line. Hence J (i, V') is convex.

By the envelop theorem, this result also implies that

since J (i, V, H) and J (u, V, L) depends on p only through the strategy [recall that J (i, V, 0)
is the welfare conditional on the type 0].

Monotonicity with respect to pu.

Suppose that J (u, V) = J for some p and V. Then, for higher value 1/ > p and the
same promised utility V', we have J (¢/,V) > J. To see why, if (p,,v,,e.,¢.,V)), satisfies
the promise keeping and incentive compatibility for pu, then it satisfies them for p' as well
since none of these constraints depends on p.

Since uf (1,1, e.,1.) is increasing in u, the usual result in dynamic programming —see

Stokey (1989)— implies that J (u, V') is increasing in p.

65



A.3.4 Proof of Lemma 3

By feasibility, V' € [0, 1] since 1 is the maximum average payoff that the principal can deliver
by letting p, = e, = 0 for each z. Given V = 1, since A does not work and stay forever, we
have J (u, V) = SW for each u. Hence we have J > SW.

On the other hand, if V' = 0, then the principal replaces A right away, and so J (u,0) =
J > SW.

By Lemma 1, for each p and V' € [0, 1], we have J (u, V') > SW. Hence by the threat of
switching to the no effort equilibrium, the principal has an incentive to follow the equilibrium
institution design and replacement decision (note that the randomization device z makes the

mixed strategy observable).

A.3.5 Proof of Lemma 2

We have J (i, 0) = J for each p since the principal has to replace A right away. Hence we
are left to prove the other two properties:

There exists V (u) such that J(u,V) is linear for V € [0,V (u)].

Suppose such V' (u) does not exist. By Lemma 1, this means that J (i, V) is strictly
concave near V = 0.

Take V € (0,(1 —9)). This means that the principal needs to stochastically replace A
since otherwise A receives 1 — § by not working. Let [ be the probability of replacement.
We have to have

Bx0+(1=B)xV =V,

where V > 1 — § is the promised utility conditional on that A is not replaced.
By concavity of J (u, -), conditional on that the principal promises V, the highest social
welfare is J (u, V) Hence the social welfare is

BT+ =8)J (nV)
= J+(1-8) (J(u,f/> —J)
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under the constraint that
Bx0+(1-F)xV=VandV >1-4.

Substituting the constraint, the social welfare is

7+ Y (o (i) - 9)

=
v

= j—l—v (J(u,V) —J(u,O))

Taking the derivative with respect to V (the differentiability follows from the envelop theo-

rem), we have

AtV = 0, this is zero. And taking the derivative of the numerator, we have

& s [ (1) (o))
= Jyyp (,u, V) V+ Jir (u, V) — Jy <,u, V)

Since we assume J (1, ) is strictly concave, this is negative. Hence, the smallest V=1-¢

is optimal. Then we have
J (V) =BT+ (1 =8) T (V)

for V € [0,1 — 4], which is linear in V.
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For 1 > piy, we have V () > 1 — 6.

Suppose i > py. For the sake of contradiction, assume that V' (u) < 1—4. Then, in the
above problem, V =1-4 is the unique optimal. Since the principal cannot replace A in the
current period after V, this 1 — ¢ is equal to what A can obtain without working at all and
then replaced. Hence we have to make sure that V'[V] (0.) = 0 for each 0. Hence we have
to implement e = 0.

Therefore, the effort has to be equal to 0. Hence the instantaneous social welfare is

(1 —§) SW. Moreover, since V'[V] (0) = 0 for each o, A will be replaced in the next period

with probability one. Hence the continuation social welfare is §.J. In total,
J (1,1 —08) = (1—6)SW +6J. (36)

For ji = jig, this implies that J (u,0) = J and J (pu, V) is linear and less than J for
each V € (0,1 — §]. By concavity, this means that J (u,V) < J for each V > 0. Hence
argmaxy J (1,V) = 0. This means that J is uniquely obtained by always replacing A.
However, this implies that A puts no effort, which is a contradiction. Hence V (uy) > 1—4.
Moreover, since J = maxy J (jug, V), we have J (ug, V) = J for V € [0,V ()]

For y > g, by Lemma 1, we have J (u, 1 — ) > J (g, 1 — §) > J, which contradicts to
(36). Hence we have V () > 1 — 9§ as well.

The Slope of the Linear Part.

Finally, since .J (1, V) is strictly increasing in u € (0,1) and J (i, 0) = J for each p,
“J(pg,V) = J for V.€ [0,V (ug)]” implies the slope of the linear part is negative for

1 < g and positive for p > .

Property of V € argmaxy J <,u, V) Without loss, we can take V' € argmaxy J (u, \7)
such that V is the extreme point of the graph {V, J (,u, V) } _. This means that there is
1%

no mixture to implement V. Hence the social welfare J (p, V') at V' € argmaxy J (,u, V),
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denoted by J (1), is determined by the dynamic programming without mixture:

J = 1_5P777
(1) (Jgﬁ§ﬂ{( Ju' (s, e,0)

+(5Z Pr <0|/~L7 ¢7 €, L) J (Hl (:ua ¢7 €, L, O) 7V/ (0))}

subject to incentive compatibility constraint:

ee€ argmax{(l — ) [1 —cy (e)] +52Pr (0|, e,0) V! (o)}.

Note that we do not impose the promise keeping constraint since we are free to choose V'
to maximize J <u, V) Moreover, since the first order condition for e is always necessary
and sufficient by the assumption of the cost function ¢, we can see the above dynamic
programming as deciding (V' (0)),, and then e is determined by the first order condition.

In this problem, we first show that V' (0) < argmax, J (,u’ (1,7, e,t,0), V) after 1/ (p, 1, e,1,0) <
. Suppose otherwise: There exists o such that V' (0) > argmaxy J (,u' (1,1, e,,0), V) af-
ter 1’ (p, 1, e,¢,0) < p.

Since
pPr (o, e, )
wPr (o), e, 1)+ (1 — p) Pr (o), e =0,0)

MPr(éW,ezO,L) < K
pt (U= 1) e

w1, e 0,0) =

(37)

we have Pr (0|¢,0,t) > Pr (0|, e, ). Fixing ¢, since Pr (0|1, e, ¢) is monotone in e for each o

and v, the probability Pr (0|, e, ) is decreasing in e.
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Then, the first order condition is

d
m{(l —0)[1—cu(e)]

+6> Pr (ol ,e,0) J (1 (1,0, e,1,0) V' (0))}
= {(1-9) [—C’H( )]
#3g PrOlib e (0 (1 6,00). V' (0)
d de

+5ZPI (O|ﬁb,¢,€, L) Jl (:U’/ (Ma¢>ev L70> ) v’ (O)) [d ( ¢ €t O)]}dvl (6)

e

+0 Pr (0, v, e,0) Ja (u' (1,1, €,0,0), V' (0)) .

In general, J,, denote the derivative of J with respect to the nth element. Since Pr (o], e, )

is decreasing in e, we have dV,( 7 < 0. Moreover Jo (' (p, 0, e,0,0), V' (0)) < 0 since V' (0) >

arg maxy, .J (u (u,v,e,1,0), V) and .J is concave. Hence, we have

{(1_5 - +5Z PI‘ O|:U“ )]J(NI(H7¢7€7L7O)avl(O))
+52Pr<o|u,w,e,L>J1w'(u,w,e,b,o),v%o))[je (1., .1,0)]} <0,

Similarly, if there exists 6 such that Pr (6], e, ) is decreasing in e but
V' (6) < argmax J (,u’ (u, 2, e,1,0), V) ,
v
then the symmetric argument implies that

(0=0) iy O +9 3 | Pl es0)] T (50,00, (0)
d

+52Pr (o, v, e, 0) Jy (1 (p, 0, e,0,0), V' (0)) [%,u' (i, v, e,1,0)]} >0,

which is a contradiction.
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Therefore, letting O_ be the set of outcomes o such that Pr (0|, e, ) is decreasing in e,
we have that, for each 0 € O_, we have V' (0) > arg maxy, J (,u’ (1,7, €,t,0), V) Symmet-
rically, letting O, be the set of o such that Pr (0|, e, ) is increasing in e, we have that, for
each o € O, we have V' (0) < argmaxy, J (,u’ (1,1, e,t,0), V)

Now we set V* (0) = arg maxy, J (,u’ (1,1, e,,0), \7) for each o, and let e* be the new
optimal effort (fixing ¢ and ¢ throughout). Since V* (0) < V' (o) for o € O_ and V* (0) >

V' (o) for o € O, we have e* > e (here, e is the original effort). Hence we have
(1—68)uf (0, e*,0) > (1 —6)u (p, 1, e,1). (40)
In addition, we adjust V* (0) so that the continuation welfare increases with fixed e:

S Pr (ol 1) T (1 (1,6, 0,1,0) V' (0)
< O Pr (ol e 0) T (1 (1, ,601,0), V" (0)). (41)

A

Moreover, since maxy, J (,u’ , V> is increasing in p’, we have

J (1 (b, €,0,0), V7 (0)) < J (W' (1,0, €,4,0) , V™ (0))

for each o € O_ and 6 € O,. Since e* increases the probability of event o if and only if

o € O, we have

> Pr(olud,e,0) J (1 (1,9, ¢,0,0), V" (0))
< ST Pr (ol ) T (4 (10, 1,0)  V* (0)). (12)

Finally, learning (difference between p’ (i, 1, €,¢,0) and p' (1, 1, €*, ¢, 0)) further increases

the continuation payoff. To see why, the following claim is useful:

Claim 1 For j; < jiy, for V* (p,) € argmaxy, J <u1, V) and V* (p1,) € argmaxy, J (,u2, V),
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we have

Ji (1, V7 (1)) < 1 (10, V™ (12)) -

Proof. Since .J is convex, we have

J (e, V(1)) + J1 (pa, V(1) [ — 4]

J (o, V™ (111))

< J (g, V* (g)) since V™ (uy) is argmax for .

IN

At the same time, we have

J (g, Vi(py)) = T (g, V7 (112)) — J1 (g, V™ (112)) [t — 4]
J (py, V7 (pg)) + Ty (g, V() (19 — o)

—J1 (g, V* (115)) [pte — p41] from the previous inequality.

v

Hence we have

0> [J1 (peg, V7 (1)) = T (pao, V7 (1)) (12 — p4] 5

as desired. m

Given this claim, since J; (1 (1,9, e, t,0),V*(0)) is larger for o with u' (u,7,e,1,0) > u
than for o with p’ (i, 1, e,¢,0) < p, increasing (decreasing) p' (, 1, e*,¢,0) > ' (1,9, e, t,0)
for o with ' (p, v, e,1,0) > p (for o with p' (u,1,e,1,0) < u) increases the continuation
payoff since the distribution of {4/ (1, v, e*,¢,0)}, given e* is the mean-preserving spread of

that of {y/ (1,1, e,1,0)}, given e. Together with (41) and (42), we have

S Pr (ol 600 T (1 0 ,1,0), V' (0)
< 3 Pr (ol e ) (! (1 €11,0) V7 (o)

Together with (40), we have proven that the social welfare is increased.
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The proof for V' (0) > arg max J (M/ (i, 1, e,¢,0), \7) after ' (u,,e,t,0) > p is com-

pletely symmetric, and so is omitted.

A.3.6 Proof of Lemma 4

With Proposition 4 and Assumption 4: if ¢», = 1, then once s = B happens, we have ¢, = (7;
on the other hand, if s = GG, then we have C' = 0 (implying y = G) for sure by Assumption 4.
On the other hand, if ¢, = 0, then the outcome is either C' = 0 (implying y = G) or C' = Cy
(implying y = B). Hence, we can write o, € {0,C}, Cy}, suppressing the information of v,
where 0, = C] means that ©» = 1 and s = B, 0, = 0 means either “y =1 and y = s = G”

or “v» =0 and y = G,” and o, = C5 means that v =0 and y = B.

A.3.7 Proof of Lemma 5

1. With separated institutions:
From (14), A’s choice of effort satisfies

cp (e:) = 0q' (e2) [V (0]t = 0) = VI (Calyp = 0)] .

It then follows that

V20 =0) - V2 (Calp = 0) = 32 >0,

Given D’s strategy,(13) becomes:

Ve = [u—c(e:)] +dq(e.) [VI (Ot = 0) = VI (Colyp = 0)] + 0V (Calyp = 0).

Then, given (16), V! (Cs|¢) = 0) is a function of both e, and V.,

w (e2)
q (ez) ]’

o
T

oV (Calp =0) =V, — |u—c(e.) +q(e.)
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SO

IV, (Coly = 0)

de. < 0.

So,
9V, (0]y = 0) — V] (Ca|yp = 0)]
> 0,

de,

and therefore
/ _
VIO =0)
de,,

2. With the centralized institution:
From (14),
cy(ez) =0 (1 —eq)q (e.) [V} (0) = V] (Ch)],

SO
VIO = 1)~V (Gl =1) = £ Gl
S T T s —e) g ()
From Proposition 4, D’s strategy implies that (13) is
Vo=[u—c(e)] +0(1—eg)q(e:) VI (0) = VI(CL)] + 6V (Ch),
S0)
5‘/;/0 :].:‘/Z— u—-cley)+ €, CH(eZ)
( 1|¢ ) ( ) Q( )q,(ez)
Then,
vl =1 _,
de,
and
DOk = 1)~ VI (il = 1)
Oe,, ’
VIO =1)

de,
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A.3.8 Proof of Corollary 3

Consider the difference in belief updates after the worst outcome for each institution:

_ p[l—q(e)] B pll—(1—eq)q(e)]
L—lug(e) +(1—=pu)q(0)] 1—(1—cc)pg(e)+(1—u)qO)]

A(p)

Taking the second derivative with respect to u:

*A(p)
ou?

< 0,

showing that A is a concave function of p. At =0, A=0,andat u=1, A=0,s0 A >0
Vi € (0,1). This also implies that Ju* € (0, 1) such that

' =argmax A(u).

A.3.9 Proof of Lemma 7

Suppose Cj, =1, Cyg is not binding. Then the following relaxed problem is equivalent to the
original problem: maximizing the ex ante social welfare subject to Cy =5 Cy.

Further relax the problem so that the principal maximizes the ex ante social welfare.
Then the solution is to replace the regulator immediately when the regulator declares the
low type; and to solve a usual principal agent problem given # = H when he declares the
high type. In particular, after declaring H, the principal keeps the high type regulator after
a good event with a positive probability to incentivize him to put a positive effort. Since
the high type regulator receives the lowest value 0 by declaring that he is a low type, his
incentive compatibility constraint Cy =g Cj, is satisfied. Hence this is also the solution for
maximizing the ex ante social welfare subject to Cy =g Cr, and so is the solution for the
original problem.

However this contract does not satisfy the incentive compatibility constraint for the low

type Cr, =1 Cy (L can declare H and obtain a positive utility), which is a contradiction.
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A.3.10 Proof of Lemma 8

Since the problem is a regular dynamic programming with discounting, it suffices to show
that, with the guess
T (V) =T = (J-sW)V,

the solution for the problem is actually equal to this guess.

Since A of type L does not work, the principal’s instantaneous welfare is

u? (0= L4, 1.,e.=0) = max{—(1-¢(0))Cy,—(1—-(1-¢)q(0)C}
— SW.

Moreover, since our guess of J, (V) is linear, we have

> Pr(olgr,,e. =0)JL (V! (0) = Jo(B[V(0)[¢h,,e.=0))
= J—(J=SW)E[V/ (o) [¢.,e. = 0].

Defining E [V (o) |¢,, e, = 0] = EV/, the problem becomes

max [ {p.J+(1—p.) [(1 = 8)SW +6 (] — (] —SW) EV])]} dz,

(p27EV/)

z/z z

subject to promise keeping constraint:
V= /(1 —p.) [(1=0)+dEV]]d>.

Substituting the constraint, we have

I (V) = max</zpzdz>J+ </Z(1—pz)dz) [(1—6) SW +6.7]

(pz)z

[(fo-m)a-a-v]o-sm.
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Letting ([, p.dz) = 3, we have

T (V) = max BT+ (1= 5)[(1 = 6) SW + 6] +[(1 = ) (1= ) — V] (] - 5I0)
= J-(J-SW)V.

as desired.

A.3.11 Proof of Lemma 9

Given Cj (Cg), the optimal strategy for A of type H is not to work since the outcome of
the initial mixture is either being replaced or guaranteed value of 1. Hence the payoff from
C; (Cp) for type H is the same as the payoff from C; (Cp) for type L, which is by construction
equal to Vi (Cg).

Since the high type has the lower cost of effort, from Cy, the high type obtains a weakly
higher payoff than the low type. Hence his payoff from Cy is no less than Vy gy (Cy). Hence

we have Cy =1, C; (Ch).

A.3.12 Proof of Proposition 6

With ex ante probability 1, the agent is of type H, and he brings the ex-ante welfare

t

> (1—=06)6'B[~CrH]+ 6" Pr(h'|H) Jyu (h')
T=1 ht

to the principal. Here, E[—C,|H] is the expected cost in period 7 given type H, and so
St (1—-0)0"'E[~C,|H] is the instantaneous welfare for the principal up to period ¢. On

the other hand, with ex ante probability 1 — u, the agent is of type L, and when he obtains
the ex ante payoff of
t

VLH == Z (]_ — 5) 57—_1 [u —E [CL <€L) |L]] + 5t ZPI‘ (ht|L) VLH (ht)

=1 ht

7



from the contract Cj;, the ex ante welfare from the L-type is Jp, (Vig). Here E[cy (er)|L] is
the expected cost of effort (in our special case in which L-type does not work, E [c, (er) |L] =
0), and so >0, (1 —8)8" " [u — Eleg (er) |L]] is the instantaneous payoff of L type up to ¢.

In total, P’s ex ante utility is

t

p | Y (1= 0)8 "B [~C|H] + 6" Pr (h'[H) Jy (1) (43)

Yoy (1=0)0" " [u—Eeg (er) | L]

+ (1= py) Jr
+6" 325 Pr (R L) Vi (h')

Since .J;, is linear, maximizing the social welfare is equivalent to maximizing
g6 Pr (R H) Jy (h') + (1 = py) 6" Pr (WL) [J = (J — SW) Viy (R')] (44)
for each A'. Dividing both sides by
6" Pr (R'|H) + (1 — pugy) 6' Pr (h'|L) (a constant at h'),
it is equivalent to maximizing
p () T () + (1= g (1)) [ = (] = SW) Vi (1) (45)

with
g Pr (1] )
pg Pr (W[ H) + (1 — pg) Pr(RY|L)

p(n) =

Using the same notation as in the best PBE without communciation, we can express the
first three terms of (45) recursively. First, given the current belief u, the targeted effort e,

and the public outcome o,, the next belief 1), (11, €., 0,) is determined by

pPr (o)1, ,e,)
WP (o0, e2) + (1 — 1) Pr (oo, )

(e, 0,) =
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Second, P’s welfare from the high type is

T G, (1 €,0.) V) = / ped + (1= p2) {— (1 6 B[C[4,. 10, 2]

z

+8 Y Pr(o:]i., ey e2) T (1L (s ez, 02) , VY (02))}]dz. (46)

Oz

Third, the continuation payoff that the L-type obtains if he takes the contract Cy and reaches
history (u, V') is

VLH (/J/IZ (:ua €z, Oz) ) V) (47)
= /(1—pz){( +5ZPr (0=, 26 = 0) Viw (7 (s €2, 02) , Vi (02)) }dz.

Given (46) and (47), we have

pdi (1, V) + (1= p) [J = (= SW) Vig (1, V)]
= [T+ (1= p) (= 8) BB [-Clisvta] + (1 ) SW]
+5Z{[N Pr (0.0, €z, 0.) + (1 = p) Pr(o:|v,, e = 0,0)]

x| pPr (o, e.,L.)
pPr (o], e t.) + (1 — p) Pr(o:],,e. = 0,c.)
xJi (1 (1, €2, 0.) , V] (02)) (48)
(1 —p)Pr(o.]3p,,e. =0,1.)

PP (0uli a1+ (L= ) Pr (o]0 ez = 0,02) )
x[J = (J = SW) Veu (1% (. ez, 0) , V2 (0:))]]} Hdz (50)

Let J (u, V) denote the maximized value of (49):
T (1, V) = pd (0, V) + (1= p) [J = (J = SW) Viw (n, V)] (51)
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Given this notation, since

pPr (0., ez,0.) + (1= p) Pr(o.|p,,e. =0,0.) = Pr(o.|p, e, t.);
pPr (0.1, e, t2)
pPr (0z|”¢27 €z LZ) + (1 - ,LL) Pr (Ozywza e, =0, Lz)
(1 —p)Pr(o.]th,,e. =0,¢,)
:U’Pr (Ozlwza €z Lz) + (1 - M) Pr (Oz|¢z7 €, = 0; Lz)

= 1 (1,0, ez, 02,02) 5

= 1_1/ (/“[’7wz76271’2702)’

(49) becomes

[T 41 p) (L= 8) B [-Clis exv0) + (1= 1) SW]

+0 Z Pr(o.|p, ., ex, ) J (1 (1, 1,,ex,02), V2 (02)) Hdz.

Oz

Hence the dynamic programming boils down to

T(uV) = max / peT + (1= p2) {(1 = 6) [4E [~CJib,. e, 2] + (1 — ) SW]

(pzuLz@%Wz

+0 Z Pr(0.]p, ., ez 02) J (1 (11,025 €25 02) , V. (02)) Hdz, (52)

Oz

with
pPr(o:]v,, e, L)
pPr (0], ez ) + (1= p) Profip,, e; = 0,0.)

In addition, the principal is subject to the following two constraints:

MI (,ua wza €z, Lz, Oz) =

1. Promise keeping constraint:
V= /(1 —p.) {(1 —08) (1 —cu(ez)) +6 ) Pr(oe,,es0.) V! (oz)} dz;  (54)
2. Incentive compatibility constraint: For each z with p, > 0, we have

e, € arg max {(1 —0) (1 —cy(e)) + (5ZPr (o)., e.,u,) V! (oz)} : (55)

Oz
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Finally, .J is the fixed point such that

Jo= max{(1 = pg) Jo Vem (o, V) + parJu (g, V) Y
= m‘ng (tg, V) by definition of (51). (56)

A.3.13 Proof of Lemma 10

After any history, the continuation social welfare from the dynamic mechanism design prob-
lem is no less than SW. To see why, after the agent declares that he is L-type, the worst
outcome is to keep him forever, which gives the welfare of SW. After the agent declares
that he is H-type, the “welfare” J (u,V) is the convex combination of the welfare from
H-type and that from L-type by (44). By Lemma 1, for each y and V € [0, 1], we have
J(p, V) > SW. Since the welfare from L-type is SW, the welfare from H-type is no less
than STW.

Therefore, by the threat of switching to the no effort equilibrium, the principal has an
incentive to follow the solution of the dynamic mechanism design problem (note that the

randomization device z makes the mixed strategy observable).

A.3.14 Proof of Proposition 7

Part 1. Effort strategies

The proof is the same as the Part 1 of the proof to Proposition 1.

Part 2. Beliefs

The proof is the same as the Part 3 of the proof to Proposition 1.

Part 3. Intervention strategy

Given the ordering of beliefs by > Z—fL’ > boy, bey, it is a weakly dominant strategy for A
to send message m = G if s = G. Then, m = B is sent only after s = B. Given Assumption
2, the expected cost for D is higher without intervention than with intervention after s = B.

Therefore, intervention is chosen in equilibrium whenever m = B.
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A.3.15 Proof of Proposition 8

(1) The full revelation equilibrium: A with ¢ = L takes e} and sends m = B after
s = B; A with t = H takes e}; and sends m = B after s = B; and A always sends m = G
after s = G.

After m = GG, D believes that s = G for sure, and so no intervention happens, since the

expected cost of an intervention would be higher than the expected cost of not intervening:

(1 —q(e))es
q(e) (1 —eq) + (1 —qgle)) e

Cg < Cl?

Ve, by Assumption 2.

After m = B, since D believes that s = B, she intervenes since

(1 g(e)) (1 - p)
et (- @) —p) ~ "

Ve, by Assumption 2.

Given this intervention and message strategy, the equilibrium belief is determined as

follows:
B B pPr(y=G,s = Gley)
Bltlv=06l = S =an= G.efy)+(1—p)Pr(s=G,y=Glep)
_ pq (e3) (1 = eg) :
g (ef) (1—cg)+ (L—p)qle;) (1 —eg)’
o p(l—qley))es :
= B G+ (- (g e
and
E[fC)] = pie = Ble)

WPr (s = Bley) + (1— ) Pr (s = Bley)
il =g (ei) (1 5) + g (e3) ]
ul(1 = g (ei) (1 25) + q (e3) <]

(L= 1) [(1—q(ep) (1 —25) +q(e}) 2]

~— | ~—
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So

ElHy=G _ _ pglen)
(1= p)q(er)
B

E[Lly = d]
E[H[y = p(1—q(ex))
E[Lly = B] (L—p)(1—q(er))’
E[H|C] —  pld—gqgley) (1 —ep) +qlef)ed]
—q(

E[ZICi] — (1= [ —alep) (L —cp) +alep)eq]

Given the result from Part 2,

E[Hly=G] _ B[H|C)] _ E[H|y = B]
E{Lly=C) - E[LIC\] = B[Lly=B] (57)

and
BIHIC) _ BHly=G] BlHy=5
E[LICi]  "E[Lly=G] E[Lly=B]’
where

— q(er)ea
T ) ec+ (1—q(e) (1—cp) (58)

After signal s = B, the relative gain for A of type i from deviating to message m = G is:

A Q(ef)EG
{“ o) e ea ¥ (1 a (@) (L —ea)
, (-g@)(-c5)
Fut ) e e e e )

After signal s = G, the relative gain for A of type ¢ from deviating to message m = B is:

A A q(ef) (1 —eq)
{“ (ber) = (o) e T ea) 1 (1~ a(e)) 25
(- q(e}))es

— o) e T e r (1 q(e:))eB}' (60)

The condition for this to be an equilibrium is that (59) and (60) are both negative.
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From v (b) concave and (58), it follows that
u (bey) = u (bo) 0 +u (be,) (1= o). (61)

so (59) is negative for A of type L.
Let o* > p denote the value defined implicitly by

u' (bey) = o"u” (bo) + (1 — 0")u” (bey) (62)

Then, the (59) is negative for the H-type if the following condition holds:

q(ex)ea .
qler)ec+ (1 —qley)) (1 —ep) S (63)

Finally, for eg — 0 and ¢ — 0, we have

q(ef) (1 —eg)
q(e;) (1 —eq)+ (1 —q(ef))es
(1—q(ef))es
q(ef) (1 —ea)+(1—q(ef))en

so (60) is negative.

Therefore, an equilibrium with full revelation exists whenever (63) is satisfied.

(2) An equilibrium with partial information withholding: A of type L puts in
effort e; and sends m = G after s = G and message m = B after s = B. A of type H puts
in effort e}; and sends m = G after s = (G, and sends message m = G with probability v and
message m = B with probability (1 — ) after s = B, for v € (0, 1).

The equilibrium is characterized by

, (1) (uA(bo (e, en) —ut (0, (emren))) |
(er) = ¢, (er)
' —& (uh(be, (emser)) — u (b, (enser))

84



with

A (o o)) = oA (PA=(alen)ec+ (1 —qlen)) (1 ~ep))

ulbe, (e ev)) ( =) (a(en) e + (L —q(en) (1 —22)) )

A (o o)) = oA (Falen) (L —ca) +726) Y |

u(bo (e, e1)) ((1—mq@mu—f@ )’

lﬁ(uu—q@H»@B+u—vM1—QM)
=) (=) ’

u(bey, (em,er)) =

and type H’s indifference

ALY (e e _ q(en)ea WA (D) (e e
U (bC1 ( H, L)) q (eH) co + (1 —q (GH)) (1 — 5B> (bO ( H, L))
(1—q(en)) (1 —¢p)

q(en)ea+(1—=qlen)) (1 -ep)

u' (bey (emrer)) . (64)

Therefore, (64) gives the condition for the equilibrium with partial information withhold-
ing.

(3) An equilibrium with full information withholding: A always sends m = G
after every signal.

The equilibrium effort choice is characterized by

¢ (er) {u(bo) — u(be,)} = ci (er)

with
U ng (em) .
W) = Ty

(1—p) (1 —q(er))

Given (63), the condition for the equilibrium with full information withholding is

q(ey)ec N
deeat0—qlen)(i—cp &
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where ¢* is defined in (62).

A.3.16 Proof of Proposition 9

The proof is the same as in the proof to Proposition 2.

A.3.17 Proof of Proposition 10

The equilibrium is characterized by

, (1 —¢) (u(bg (em.er)) —u (b, (emser))) |
q (er) = c; (er)
—€ (u(bc2 (em,er)) —u (becl (em, eL)))

with

u(be, (em,er)) = L _
u (emer)) = u (‘;HZ o 5)) = (g EZI)) |
ulbe, (emser)) = u (lffz (1= qEZf))) 5) Y (/:LIZ 8 - Z EZI))))> '

We have

Solving this, we have

eL:¢<€H)7

-1 ,
where ¢ () = (C—’f> (CE w). Plugging this into the equilibrium condition, we have

q/ (GH) (1 B 8> <u(b€G <€H’ (b (eH)>> —u (becl (6H7 (b (eH)))) }
= (ulbes (e, 6 (em))) = u (%, (e, & (en))))
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Define

MA, (en) = ¢ (en) { e (U(baG (ex, 6 (en))) — (b%l (em, ¢ (eH)))) } )

— (ulb, (en, @ (en))) — u (b, (e, 6 (en)))

If MA. (ey) is concave and u (-) > 0, these conditions guarantee that there are only two
solutions: ey = 0 and ey > 0. Hence we are left to show that %MAE (eg) <0

We have

d , —u(b (e, ¢ (en))) +u (0, (en, ¢ (en)))
—MAE (6]-1) = (eH)
i ' { Fu(ts, (e & (en)) 1 (8, (en, 6 (en)) }

—q (en) (1 —2e) v’ (b)) A pty (Z((eelz));i ((11 — ;]((61{)) (1—¢))

de pp ( er))(1—¢))
Since
d py(glem)e+ (1 —qlen)) (1 —¢))
de iy, (qer)e+ (1 —q(er)) (1—¢))
lg(err) — (1 —q(en))][g(er) e+ (1 —qler)) (1 —¢)]
_ hm —lg(em)e+ (1 —qlen)) (1 —¢)lg(er) — (1 —q(er))]
uL [q(er)e+ (1 —q(e)) (1—e))?
_ qlen) —(1—qlen))  pu
qler)e+ (1 —qler)) (I —¢)pg
o gqlen) (A —gler) .
qler)e+(1—qler)(1—e) @
and
q(er) — (1 —qler)) < alen) = (1 —qlen))
qler)e+(1—qler))(1—¢) = qler)e+ (1 —qler) (1 —¢)
we have

Ay (g o) e+ (1= glen) (1= <))
& g (g (o) e+ (1= g(er) (1 —))
o(en) U vlen) (1 _y )

—oqlen)e+ (M —gler) (T —e) \py
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Since ¢ (ey) > q(er) and € < %, we have

B e ka (yalem)e+ (1 —q(en)) (1 —
p O ML(l Q(eL)€+(1—Q(€L))(—€))
pr (q(em) —q(er)) (1 —2e)
(

In total, we have

de up(g(en) e+ (I—q(en) (1—2) ="
Hence,

9 MA(en) = o (en) ~ull (e ¢ (ex))) +u (8, (e, ¢ (en))

€ +u(by, (en, ¢ (en))) —u (b3, (em, ¢ (en)))
, oo d g (glem) e+ (1—qlen) (1—¢)
¢ (en) (=200 (%) 7 e e+ (=g (en) (1= 2)

< 07
as desired.

A.3.18 Proof of Proposition 11

If the two conditions are satisfied, then the equilibrium with separate institutions is a full
revelation equilibrium, as shown in the proof to proposition 8. Then, D has access to the
same information in both institutional setups, and so the intervention decision, the beliefs

and the effort choices are derived from the same maximization problem.
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A.3.19 Proof of Proposition 12

Proof. If, for each fixed ey,

¢ (en) {(1 = &) (u(bg” (e, ¢ (en))) — u (05 (em, ¢ (en))))
—e (u(bgy (em, @ (en))) — u (b7 (enr & (en))))}
< ¢ (en) {u(bg” (e, & (en))) — ulby (e, ¢ (em)))} (65)

then ey is higher in the separate institutions.

Condition (65) is equivalent to

{(1—¢) (u(be” (en, ¢ (en))) —u (b (en, d (en))))
—e (u(bey (en, ¢ (en))) — u (05 (en, ¢ (en)))) }
< {u(vg” (en, ¢ (en))) — u(bey (en, d (en)))} -

Since ¢ is increasing, € is no more than %, and ey > e, (by the definition of ¢), this condition

is automatically satisfied. m

Since
bsep _ :u_H q (eH) .
S = 16 len))
se 125z - q (eH)
per _ Ha 2T A\CH)
e en) = T (6 (em))
we have

A e (en) 1 ' (em) q(¢(en)) —qlen)d (¢ (en)) ¢’ (en)
dey ° fr, [q (¢ (en)))?

by q(en)  d(o(en))d (er) psep (ex)
py, q (¢ (en)) q(@(em) 7
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pr 4" (en) q (¢ (en)) —d' (en) d' (6 (en)) & (en)

BT (en) =
7 (en)

d2
(deH

— —
T T
(pu\ (6\ ~—~
~. |l
m,O WO - /@H
)e
) e} — T N —
= = =L IR
T T ~— U |
O ) & ) <
© © S =
~=2=73 ~ |
Clo Lo = o —~|
o N ~. |— N8}
SER|E I F ok SRR g
—~ T > T — TV ~— ~ =
H[)[H/@;)( a, S| ~—
= O T|e 3 >
L D) ~— NS} »
P g R = g To 58
B e ET e <~z ==
N ~— /q ~— %(
_ _ + _ T T
N\S) (8]
| — —| —
o'z o =
—~| v —|
\W(\.H/(
ol JIE
< -
S~— N~—
o o

Since

(ew)

sep
0
K

(¢ (eH)) b(s)ep (eH)
b (en) .

bo " (en)

((b <€H))b
¢ (¢ (en))q (en) ¢ (en) py

[ (6 (em)))?

q" (¢ (en)) &' (en)q

[ (¢ (er)))”
90

[q (¢ (en)))’
(¢ (¢ (em) &' (en

q (¢ (en))d" (en)q
lq (6 (er))]?
[a (¢ (en)))?
[/ (¢ (en)) & (en))
lq (¢ (en))]?

v 4" (en) q (¢ (en)) —d' (en) d' (6 (en)) & (en)

Ky,

d2 se;
)2 bO P (eH)

(deH

we have



Simplifying, we have

LI (i) 22— e o )57 )
BN CL) (f ) 22— e ) 57 o))
D

A.3.20 Proof of Proposition 13

Define ¢ = Cy/C4, and denote A’s type by 0 € {H, L}
Note that

VEE = =Y ml—q(@®)e
2 m(0 @) (1-a (7)) +e@a ()

~~

Pr(s:B|e):fq<ef(c)) (1—2¢(e))+1—¢(c)

+ Z,uta (c) (1 —q (e‘tg(c)>> c.

By the implicit function theorem, we have
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Since V' (¢ (¢), ¢) = 0, we have

> e (e) (1 —q (6§(C)>> = (1= q (&)
= S (a-e@) (1-a(69)) +e@a (69)).

and so
Sou (2@ (1-a(69)) = 1 =ale™)) <.

Moreover, we have

by Proposition 10, and

(=) (-0 ()

IN A
/~/
—_
|
[\
(=)
/N
Y
<o
—
&
N—
N——
|
VS
—
|
L}
/N
D
~
=
N——
N—

Therefore, we have

as desired.
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A.3.21 Derivation of (31)

Given that we reach history h', let Jy (h') be the social welfare from the high type and
Viu (h') be the value that type L obtains by pretending to be high-type. Since Jr (V) is

linear, it is optimal to maximize
g6 Pr (R H) Jg (h') + (1 — py) 6" Pr (W'|L) |J — J—VLH (h")
Equivalently, dividing both sides by
pp0 Pr (R H) + (1 — py) 6" Pr (W'|L),
the principal maximizes
J—J. (V1)

p () T () + (1= e (1) |7 = 2 v (0

Hence the state variables are belief ;1 and promised utility for the high type V', and we
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have

AR

L

pdg (u, V) + (1 — p) [J— Vi (1, V)

y / ped + (1= p) {(1— ) E [~Clo.. el 0]

+5ZPF 0z|¢z> z b ) ‘]H (Mz (77ij’ 5’€£7LZ’OZ) "/Z,(Oz))}]dz

+(1—M)J_—(1—@%/(1—%){(1—5) [1—cu (1))

+0 ) Pr(ouft., el ) Vim (1l (v, e e 1z,0.) VI (02)) bz

/[pzf+<1—pz>{<1—5>{um[ Ol et 1]

+<1—ﬂ>[f—%§(m[1—cﬂ<eﬁ>]}

+5ZPI‘ Ozywm €. z? ) J (:uz (wz? 57657LZ70Z) "/ZI <OZ))}]dZ

A.3.22 Proof of Lemma 12

We first show that Vi (Cj;) € [0,V.]. As in Lemma 2, there exists V' > (1 — 6) u such that

J (g, V') is constant for V' € [0, \_/] and strictly decreasing for V' > V. Hence [0, ‘7} =

arg maxy, .J <uH, V)
By taking V* < (1 — ) u, we have

VLH

as desired.

IA

V* since low type needs to pay more cost for the same effort

IN

(1—=9)u

V., by Lemma 11,

A

Further, we can show that the Cj; =g C; is not binding: Suppose otherwise. Then when

we solve Jy, (V'), we need to take into account the following effect: if we increase V', then it

change Vy 1, the value that the high type obtains from C;, which may decrease the social
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welfare since we need to increase V* to incentivize the high type to tell the truth.

However, since J (py, V) is constant for V' € [0, V], as long as Vy, is sufficiently small
that V* < V, changing V* does not affect the ex ante social welfare. Hence solving the
problem taking into account Vy;, but with the guess that V* < V does not change J;, (V).

This implies that Cj; > C; is binding only if V* > V', which means V* ¢ arg max, J <u o V) ,
that is, we cannot pick V* to maximize the ex ante welfare since V* > Vg is binding.

However, this implies that the following uniform increase in the replacement probability
is welfare improving, which is a contradiction: Upon the arrival of the regulator, regardless of
his type, we replace him with probability p > 0 by public randomization. If the replacement
does not happen, then the principal offers contracts {Cj;,C;}. Since the replacement does

not depend on the declared types, this does not change the incentives while decreases V'*.
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