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Abstract 
 
This paper provides a transparent framework for thinking about optimal investment in reputation by a 
trustworthy government. This topic has been neglected by the existing literature on reputation games 
but is potentially a central issue in actual policymaking. A nonstandard feature of this model is that a 
"trustworthy" government (able to pre-commit) optimally chooses a policy announcement to which it 
commits. Thus, investing in reputation can be achieved by announcing policy plans that are costly and 
in turn are unlikely to be enacted if the government were an "opportunistic" type (unable to pre-
commit). I identify the key trade-off in determining the optimal policy plans, which is mainly 
influenced by the difference in the time preference across types. When a trustworthy type is 
sufficiently more patient than an opportunistic type, there will be substantial reputation-building by the 
trustworthy type in the early stages of the game, which eventually leads to full separation from the 
opportunistic type. 
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Credibility Concerns in Optimal Policy Design

Introduction

When is it desirable for an optimizing trustworthy government to invest in reputation? This is
an important question for actual policymakers, but game theory and macroeconomics have not yet
provided an answer. Most of the literature on reputation games focuses on situations in which it is
optimal for opportunistic types (types that have short-run incentives to break promises) to invest in
reputation by forgoing short-run interests and mimicking trustworthy types (types that can commit
to promises).1 However, little has been said about the trustworthy type�s optimal investment in
reputation, since it is generally assumed to always play the same single action.

This paper provides an answer to the question by letting a trustworthy government optimally
choose a policy announcement to which it commits.2 I construct a simple taxation model in the
tradition of past work on optimal policy with limited commitment by Barro and Gordon (1983),
Fischer (1990), and Phelan (2006). Three important results follow.

First, given this additional policy instrument, I show that the trustworthy type, instead of
choosing the same plan all the time, may strategically build up its reputation by announcing plans
that would unlikely to be carried out if the opportunistic type were in place. Second, I charac-
terize the conditions under which this strategic reputation-building occurs in equilibrium. Since
committing to tough plans involves short-term costs, reputation-building by the trustworthy type is
only optimal when it is su¢ ciently more patient with respect to tax revenues than its opportunistic
counterpart. Third, I establish the uniqueness of the equilibrium announcement by adopting the
re�nement proposed by Mailath, Okuno-Fujiwara and Postelwaite (1993) as a way to resolve the
well-known problem of equilibrium indeterminacy in signalling games.

The model is a �nitely-repeated reputation game, where a government that seeks to maximize
the present value of its tax revenues plays against a continuum of small private-sector households
who decide whether or not to engage in production with a �xed cost each period. The government
chooses a tax plan and announces it at the beginning of each period.3 The households entertain
the possibility that the government is one of two types, di¤ering with regard to their ability to
commit: a �trustworthy�government, which by de�nition is sure to enact its announced plans; or
an �opportunistic�government, which retains the option of deviating from its announced plans. In
the model, the optimal deviation is to the highest tax rate possible, representing con�scation by the
government of all household production. The type of government is private information and is �xed
throughout the whole game. Households update their beliefs in a Bayesian fashion after observing
the government�s action at the end of each period.

The government in the model uses the tax plan/announcement to control both the households�
perception of the likelihood that the current plan will be carried out and how the households�beliefs
concerning the government type will evolve once the plan is actually carried out. An important
trade-o¤ arises when the trustworthy government chooses its plans.4 On the one hand, the trust-

1See for examples: Kreps and Wilson (1982), Milgrom and Roberts (1982), Barro (1986), Fudanburge and Levine
(1992), Phelan (2006), Liu (2009), and Cripps, Mailath and Samulson (2004).

2This paper only considers pure strategies for policy announcements.
3Although within-period commitment is used here, the conjecture is that nothing will be changed if we assume

commitment to a state-contingent plan for the entire future, given that there is neither uncertainty nor are there
forward-looking constraints in the model. I thank Borys Grochulski for pointing this out.

4 If the government were opportunistic, it would announce exactly the same planned tax rate as a trustworthy
government would announce for two reasons. First, it is costless for an opportunistic government to imitate the
announcements. Second, households know what a trustworthy government will announce so that any deviation from
the anticipated rate will result in full revelation, which, in turn, will cost the opportunistic type the entire future
stream of tax revenues. The detailed reasoning will become clear in the paper and this is where the re�nement by

1



Yang K. Lu

worthy government has an incentive to separate itself from the opportunistic type. In particular, it
would like to set a low planned tax rate so that enacting the plan would be costly and thus unlikely
if the opportunistic type were in place. This bene�ts the trustworthy type because by enacting
the plan, it then conveys more information about its identity and improves its reputation. As a
result, there will be more production and thus a greater �ow of tax revenues in the future. On
the other hand, the trustworthy government also has an incentive to pool with the opportunistic
type. In particular, it would like to set a high planned tax rate, a plan that would be easily enacted
even by the opportunistic type. This raises the credibility of the current plan and in turn reduces
households�risk of con�scation. As a result, more households produce and more tax revenues are
secured for the current period.

I analyze how this trade-o¤ between future and current credibility is a¤ected by the key para-
meters in the model, namely the patience levels of the two types of government, the elasticity of
supply, the initial reputation of the government, and the time horizon of the game. Among these,
I �nd that the relative patience of the trustworthy type with respect to that of the opportunistic
type plays a key role in determining which side of the trade-o¤ dominates.

When the trustworthy type is su¢ ciently more patient than the opportunistic type, the incentive
to signal dominates, so that the Markov perfect equilibrium involves initial periods of rapid learning
with low taxation. As a result of this aggressive reputation-building, the trustworthy type is able
to sustain robust economic outcomes in the later stages of the game despite following a path of
increasing planned tax rates, which converge to a constant when full credibility is achieved. By
contrast, when the trustworthy and opportunistic types share a similar time preference, the incentive
to pool dominates, so that the Markov perfect equilibrium involves little learning with high taxation
throughout the whole game.5

This paper shares the view of Mailath and Samulson (2001) that reputation building is an
exercise not only in pooling with good types but also in distinguishing oneself �separating �from
bad types.6 Focusing on reputation building as separation, Mailth and Samulson (2001) abstract
from the strategic behaviour of the bad type, which is assumed to always play the same single action.
My model, instead, allows both types to act strategically and thus explores the interaction between
incentives to separate and incentives to pool. It is precisely the competition in reputation-building
between trustworthy and opportunistic types that determines the optimal policies.

A few papers prior to this one also have both trustworthy and opportunistic types behaving
strategically. Cukierman and Liviatan (1991) analyze the case where the optimal announcement by
the trustworthy government reacts to its imperfect credibility. The current paper builds on their
arguments by emphasizing an important reverse relationship: policy announcements can also be a
powerful tool to manipulate government credibility. A similar idea was explored in my paper with
King and Pasten (2008b), where we provided a numerical example in which reputation building by
a trustworthy central bank implied gradualism in disin�ation resembling the �Volker disin�ation�.
The current paper, however, performs a more transparent and systematic analysis of the key trade-
o¤ facing the trustworthy type by using a sharply-focused example, and identi�es the conditions
under which reputation building by a trustworthy government occurs in equilibrium.7

Mailath et al. (1993) is employed.
5The equilibrium in this case is not exactly pooling for two reasons. First, the game has a �nite horizon so that

learning always occurs towards the end of the game when the reputation force becomes too weak to discipline the
opportunistic type�s behaviour. Second, if the opportunistic type is too impatient to care about reputation, it is
unfeasible for the trustworthy type to force pooling even at the beginning of the game. However, in neither case is
learning induced by the trustworthy type�s active policymaking for the purpose of reputation building.

6See also Horner (2002).
7For example, King, Lu and Pasten (2008) use a random discount factor for the opportunistic central bank. But
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Credibility Concerns in Optimal Policy Design

Similarly to the current paper, in the literature on unsecured debt, Cole, Dow and English
(1995), D�Erasmo (2007) and Chatterjee, Corbae and Rios-Rull (2008) have a di¤erence in time
preference across types as a central modelling component.8 However, rather than focusing on the
default or debt repayment decision, the current paper �in the context of unsecured debt �shows
how the optimal level of debt can be determined by the borrower, who balances the trade-o¤between
the current and future credibility of debt repayments.

In my model, the government has all the bargaining power with respect to the households, but
it also has private information about its type. This feature links my analysis to the literature on
the informed-principal problem pioneered by Myerson (1983) and Maskin and Tirole (1992). In
common with this literature, the optimal contract is in�uenced by the principal�s incentive to hide
or reveal its private information, which thus leads to a pooling or separating equilibrium. The
current paper, however, also includes mixed strategies by the opportunistic type as equilibria, so
that it generates dynamics of credibility and provides a theory of reputation building.

The design of policy plans/announcements is the central focus of this paper, which relates it
to models of strategic information transmission initiated by Crawford and Sobel (1982) and Sobel
(1985). However, the announcement in my model is only cheap talk for the opportunistic type, but
not for the trustworthy type because it is committed to act as it announces. This nonstandard
feature of signalling di¤erentiates the paper from the rest of the literature. In consequence, popular
re�nements such as the intuitive criterion lead to counterintuitive results.9 Fortunately, a unique
and plausible equilibrium can be reached when the re�nement by Mailath, Okuno-Fujiwara and
Postelwaite (1993) is applied.

It may seem easy to confuse this paper with models of repeated moral hazard with learning
(Cukierman and Meltzer, 1986; Holmstrom, 1999) since in both cases reputation plays a major role
in agents�decision-making. However, in Cukierman and Meltzer (1986), the government objective
changes continuously over time and reputation is the speed with which the private sector detects
the changes. By contrast, the government type in my model is �xed over time and reputation
is de�ned as the perception of a government being trustworthy. This feature makes it possible
for the opportunistic type to mimic and for pooling to be a potential equilibrium. With respect
to the literature on career concern following Holmstrom (1999), in which information is imperfect
but symmetric, the current paper addresses information asymmetry between governments and the
private sector so that signalling becomes relevant in policymaking.

The remainder of the paper is organized as follows. Section 2 presents the setup of the game
and de�nes the equilibrium concept. Section 3 uses a two-period example to illustrate the main
results of the paper. Section 4 extends those results to a game with an arbitrary number of periods.
Section 5 establishes the uniqueness of the equilibrium. Finally, Section 6 concludes.

A Reputation Game

In this section, I describe a �scal policy game played between a government, which can be either
trustworthy or opportunistic, and a competitive private sector composed of atomistic households.
Unlike previous analyses of similar �scal games (e.g. Phelan, 2006), where the trustworthy gov-
ernment simply sets an exogenously �xed tax rate, I work with a case in which the trustworthy

the mean discount factor has to be su¢ ciently low to get reputation building by the trustworthy central bank.
8See also Diamond (1989).
9For example, the intuitive criterion selects the worst equilibrium in which the government announces a 100

percent tax rate and no household produces; the re�nement by Grossman and Perry (1986) rules out all sequential
equilibria.
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government is able to choose the optimal tax policy each period. One can then learnx how the tax
path optimally responds to the dynamics of imperfect credibility. The equilibrium notion in the
game will be Markov perfect.

Setup

There is a �nite horizon economy, indexed by t = 1; 2; :::; T; in which a continuum of households
play against a long-lived government that collects tax on household production. Within each period,
the government moves �rst to announce a proportional tax plan � t 2 [0; 1] on production for that
period. The households observe the tax plan and decide whether to produce or not, according to
their individual production costs. After the production decisions have been made, the government
then levies the taxes on their outputs at rate ~� t.

Households

Each household is indexed by i with total measure 1. For convenience, we can think of i as uniformly
distributed over the interval [0,1]. The action pro�le for households is then a measurable function
a : [0; 1]! f0; 1g. Households only live for one period, but are able to observe the whole history of
the game.10 Each household is endowed with one indivisible unit of labor that they can put into
production. The production technology is linear in labor with deterministic productivity normalized
to 1. The production cost ci for household i is a random draw each period from distribution G (�)
with support [0; 1].11 It is convenient to work with the family of distributions G (x) = x .12 As
discussed further below, the parameter  is interpreted as the elasticity of supply.

If household i decides to produce, a (i) = 1, its payo¤ is the after-tax production net of the
production cost, r (e� ; a (i) = 1) = (1� e�)�ci. If household i does not produce, a (i) = 0, it gets zero,
r (e� ; a (i) = 0) = 0. We can use � = R 10 a (i) dG (ci) to summarize the aggregate participation of the
households. � is publicly observable, but the individual production decision is private information
to each household. Under this assumption, no individual household�s action has an impact on
another�s decision, nor does it a¤ect government action.

Government

The government lives for T periods and can be one of two types: trustworthy or opportunistic (TR
and OP hereafter). Government type is private information and stays �xed throughout the game.
The trustworthy government is assumed to always implement the announced tax rate � t at the end
of each period, ~� t = � t. The opportunistic type, however, can either tax the production at rate � t,
or con�scate all output, i.e. e� t = 1, or even randomize between e� t = � t and e� t = 1: Let �t denote
the probability of con�scation.

The government makes decisions at two distinct points within a period. At the beginning of the
period, it sets the tax plan � t for the current period. At the end of the period, it decides whether

10The assumption of short-lived households is not essential. As long as the rewards of production cannot be stored
over periods, the maximization problem of households will be the same with a longer horizon.

11Macroeconomists generally study the e¤ects of policies in settings where there is a smooth response on the part of
the private sector to public interventions such as taxation and monetary policy. For example, the early 1980s analyses
of monetary policy and reputation, such as Backus and Dri¢ ll (1985 a,b) and Barro (1986), worked in such settings.
To this end, households in my model are heterogenous in their production costs.

12As will be seen later, this particular functional form of G (�) allows a close-form solution in this economy. At the
same time, it abstracts from any variations in optimal policies that are not due to credibility concerns. Hence, we can
focus solely on the interaction between optimal policy designs and credibility concerns.
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Credibility Concerns in Optimal Policy Design

the plan will be carried out, i.e. choosing �t. The latter decision, however, is only relevant for the
opportunistic type, since it is not an option for the trustworthy type by de�nition. Hence, we will
refer to �t as the action of the opportunistic type hereafter.

Both types of governments want to maximize their life-time tax revenues, discounted at rates
�tr and �op, respectively. The objective is then de�ned asPT

t=0 �
t
type=tr;op e� t�t: (1)

Markov strategies and Markov perfect equilibria

Strategies are mappings from histories to actions. This paper restricts attention to Markov strate-
gies which condition actions solely on payo¤-relevant variables. In this incomplete information
game, the only payo¤-relevant variable is households�belief that the current government is of the
trustworthy type.13 De�ne this belief to be the state variable of the game: �. Under the Markov
restriction, we can write the strategies of both the households and the government as functions of �:
f� (�) ; � (�) ; � (�)g. Instead of specifying each household�s strategy ai (�), we use the participation
rate � (�) as a convenient aggregation of individuals�strategies. This participation rate is also the
tax base for the government, as suggested by (1) above.

Household beliefs and credibility concepts

New-born households at period t have the same information set as that of the previous generation
at the end of period t�1. Thus their prior belief that the current government is trustworthy equals
the state variable �t. After observing the announced tax plan � t, households update this belief
to �t+0:5 (� t). Then at the end of period t, after observing the tax action ~� t, the belief is further
updated to �t+1 (~� t).

Why there can be belief updating right after the announcement is due to the fact that trust-
worthy and opportunistic types may potentially announce di¤erent tax rates. If so, the observed
announcement will have information content about the current government type. However, to
simplify matters at this stage of analysis, I impose a working assumption that the opportunistic
government always imitates the trustworthy type�s announcement. This assumption makes the tax
announcement uninformative about the identity of the government so that �t+0:5 (� t) = �t for any
� t. Section 5 will revisit this assumption and argue that it is the equilibrium announcement strategy
of the opportunistic type in an explicitly-modelled signalling game. Roughly speaking, the intuition
behind this result is that the opportunistic type, with no cost of reneging on the announced rate,
has an interest in keeping itself indistinguishable from the trustworthy type at the announcement
stage. In addition, Section 5 will show that the equilibrium outcomes obtained under this assump-
tion are the same as in the signalling game once the re�nement of Mailath et. al. (1993) is adopted.
Therefore, imposing this working assumption has no e¤ect on either the equilibrium strategies or
the equilibrium outcomes.

On the other hand, imposing this assumption signi�cantly simpli�es the analysis in two ways.
First of all, since households�belief does not change after the tax announcement, their perception

13When households choose whether to produce or not, both the identity of the government and the announced
tax rate are payo¤-relevant variables. The identity of the government is not observable by households so it has to be
replaced by households�best estimate of it. The announced tax rate itself is an optimal choice by the government,
whose payo¤ depends on how many households produce and, in turn, their best estimate of the government type.
This extension of MPE to an incomplete information game is in the spirit of Ball (1995): "... actions depend on

agents�best estimates of payo¤-relevant variables".
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of how likely the government will implement the announced tax rate, denoted by  t, is simply:

 t = �t + (1� �t) (1� �t) :

This is the sum of two elements: the likelihood of a trustworthy type of government being present so
that � t will be implemented for sure, and the likelihood of an opportunistic type being present but
mimicking with probability (1� �t). Because  t is the credibility of the current tax announcement,
I call it "short-term credibility" so as to distinguish it from �t, which measures the credibility of
tax announcements in the long-run and is thus called "long-term credibility" in this paper.

The belief updating after observing the tax action can be characterized by Bayes� rule. In
particular, if con�scation occurs at the end of the period, long-term credibility next period (�t+1) will
be zero, �t+1 = 0; since only the opportunistic type may con�scate. In the absence of con�scation,
however, the evolution of long-term credibility will be:

�t+1 =
�t

�t + (1� �t) (1� �t)
=
�t
 t
; (2)

where the marginal probability of observing e� t = � t is short-term credibility by construction.
Second, the working assumption makes the trustworthy type a leader in the game, because

the tax announcement, regardless of the true identity of the policy maker, is set to maximize the
trustworthy government�s payo¤. The stage game played between the current government and the
households can thus be analyzed as if there were three players in the game, with a trustworthy
government setting the announcement �rst, and the households producing accordingly, followed
by the opportunistic type deciding whether to con�scate, given the tax announcement and the
households�production. 14

Household strategies

As households make production decisions before the taxes are levied, they have to form expectations
of the actual tax rate. I impose rational expectation and, in turn, symmetry across households, so the
expected tax rate is the probability-weighted average between � and 1, with the probability attached
to � being the government�s short-term credibility  . The atomistic feature of each household
eliminates any strategic or intertemporal concern in the production decision-making, because the
decision does not individually a¤ect the play of the government or the future value of its long-term
credibility �. Therefore, the decision on the households�side is essentially static, with all households
using a common threshold to decide whether to produce or not. Only those who receive cost ci
less than the expected after-tax output (1� �) will produce, resulting in the optimized aggregate
strategy:

� = G [(1� �) ] : (3)

With the distribution G(x) = x , the participation rate is [(1� �) ] so that the parameter  is
the elasticity of supply with respect to the expected reward to production, [(1� �) ].

14Even when the government in place is indeed trustworthy, it still needs to account for the reaction of the
opportunistic type in terms of the con�scation probability. This is because the households, when making production
decisions, are in general concerned about a possible con�scation by an opportunistic government.
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Credibility Concerns in Optimal Policy Design

Government strategies

In contrast to individual household, the government is both a big player, so that it is strategic, and
a long-lived one, so that its optimization is intertemporal.

The opportunistic type obtains instant revenue gain, �t, by con�scating the current output.
However, its true identity is then revealed and no production will occur in future periods.15 The
loss of future tax revenues can be avoided if the opportunistic government mimics the trustworthy
type�s behavior by taxing at the announced rate � t. This disciplined behavior increases its long-
term credibility level to a new future state: �t+1 = �t= t, generating a positive future value of tax
revenues, denoted by Vt+1.16 This trade-o¤ between current and future tax revenues is summarized
by what I call the "incentive compatibility constraints," which are stated as follows:

Pooling strategy (mimicking)  = 1 if � 6 ��+ �opV
0(�0) (4)

Separating strategy  = � if � > ��+ �opV
0(�0)

Mixed strategy  2 (�; 1) if � = ��+ �opV
0(�0):

Notice that the opportunistic type�s strategy is stated in terms of  ; instead of �, for two reasons.
First, as will become clear later, using  turns out to be more convenient and intuitive. Second,
there is a one-to-one mapping between � and  conditional on the long-term credibility level �.
With  = 1, it mimics for sure: � = 0; and with  = �, it con�scates for sure: � = 1. Randomizing
between mimicking and con�scating with � 2 (0; 1) corresponds to  lying within (�; 1). Hence,
we will use the strategy triple f� (�) ; � (�) ;  (�)g to characterize the Markov perfect equilibrium
(MPE) in the game, although we could have equivalently used f� (�) ; � (�) ; � (�)g.

The trustworthy type, as a leader in this game, is able to use its tax announcements � to a¤ect
both household production � and the opportunistic type�s con�scation probability �, in order to
maximize its life-time tax revenues. The impact of tax announcements on this objective works
through various channels. Most obviously, the tax rate announced, if actually imposed, directly
a¤ects how much revenue a government can collect each period. This payo¤ relevance has a further
impact on how likely the opportunistic type is to follow the announced rate. The likelihood of
con�scation by the opportunistic type then determines its short-term credibility, so that both current
output and the evolution of credibility are a¤ected, as the households are rational and Bayesian.
The trade-o¤s involved in determining the tax announcement, as well as the resulting equilibrium
strategy, are the focus of Sections 3 and 4.

Markov perfect equilibrium

A Markov perfect equilibrium of the multistage game may be de�ned formally as the following.

De�nition 1 The sequence of Markov strategy triplets f� t (�) ; �t (�) ;  t (�)gTt=1 is called Markov
perfect equilibrium (MPE) if, at each stage of the game, � t (�) solves the trustworthy government�s
optimization:

Wt (�) = max
� t
f� t�t + �trWt+1 (�= t)g ;

15 If the government is known for sure to be of the opportunistic type � = 0, the uniqe MPE in this game is zero
production. To see that, consider any period with � < 1. If � = 1, household optimization implies � = 0. If � < 1,
government optimization requires ��+�opV (0) >= �+�opV (0), which only holds for � = 0. Given � = 0, the weak
type is indi¤erent among any choice of �. Letting � = 1, it justi�es the zero production choice of the households. If
no one produces in this game, the life-time tax revenue will be zero: V (0) = 0 for any period.

16The subindex of the value function indicates that its functional form is time-varing due to the �nite horizon of
the game.
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with f�t (�) ;  t (�)g satisfying the incentive compatibility constraints of both households and the
opportunistic government, (3) and (4), subject to the evolution of credibility (2).

Backward induction can be applied to obtain a MPE solution.17 In each period, the trustworthy
government takes the future value function as given when setting the optimal tax plan to balance
its current and future payo¤s. The current tax plan a¤ects the equilibrium reactions of both the
opportunistic type and the households through conditions (3) and (4), which in turn determines the
current tax revenues ��. This momentary payo¤ is weighted against the future value of revenues,
which is also a¤ected by the current tax plan through its impact on the evolution of credibility
governed by Bayes�rule (2).

A Two-Period Model

This section solves a two-period version of the model to illustrate the basic trade-o¤s facing a
trustworthy government with imperfect credibility. On the one hand, the tax plan tends to be higher
than a benchmark rate set by a government with no credibility concerns, because implementing a
plan in which households have little faith would be costly. On the other hand, a tax plan lower
than the benchmark rate, once implemented, can be a powerful tool to signal the government�s type
and thus changes the evolution of households belief. The relative strength of these o¤setting forces
critically depends on the di¤erence between time preferences of the two types �tr=�op, the elasticity
of supply with respect to tax changes , and the long-term credibility level �. The conditions under
which it is optimal for the trustworthy type to either accommodate imperfect credibility or invest
in future reputation will be characterized.

Optimal tax plan with full credibility

First consider a benchmark case where a trustworthy government possesses full credibility, � =
 = 1. The expected after-tax output is (1� �) in this case, which determines the fraction of
households who produce, according to the optimized aggregate strategy (3). The production base
thus decreases with the announced tax rate, as shown in Panel A of Figure 1. This feature replicates
the celebrated La¤er curve, which traces an inverted-U relationship between taxes and revenues.
Panel B in Figure 1 depicts one example of this La¤er curve. The optimal tax rate maximizes
revenues and is thus:

��UC = argmax�
�G (1� �) :

I label such a rate "unconstrained optimal" because it is free of credibility concerns. If we use the
speci�c cost distribution G(x) = x , ��UC = ( + 1)

�1.

17The government in my model announces a tax plan at the beginning of each period rather than a path of tax
plans for the entire future at time 0 (although these two cases are conjectured to be equivalent given there are neither
shocks nor forward-looking constraints in my model.) The former case can be thought of as a limited commitment case
in which the trustworthy type has no access to the intertemporal commitment technology, even though it can commit
to the current period�s tax plan. Thus, when the trustworthy government sets a value � t in period t, it recognizes that
f��sgTs>t will be chosen by future trustworthy governments, with similar objectives. Therefore, backward induction
can be applied.

8
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Optimal tax plan in the �nal period

Let us start with the �nal period, t = 2. With some inherited credibility, the opportunistic type will
always con�scate, irrespective of � and � . Given that behavior, its short-term credibility is �xed at
the level �. The homogeneity feature of G (�) ensures that the optimal tax plan is always equal to the
unconstrained optimal rate for any �xed short-term credibility level: ��UC = argmax �G

�
(1� �) � 

�
.

Thus, the trustworthy type sets ��2 = ��UC to maximize current tax revenues, which yields the value
functions of both types as:

V2(�2) = (1� ��UC)�

2 (5)

W2(�2) = ��UCV2(�2):

This property, arising from the homogeneity of G (�) ; is desirable since any variation in optimal
tax policies obtained later can be attributed to the endogeneity of short-term credibility. Endoge-
nous short-term credibility captures the opportunistic type�s reaction to the tax plan and is the
essence of what I call "credibility concerns." In consequence, the deviation of the optimal tax rate
from ��UC provides a measure of credibility concerns.

Optimal tax plan with credibility concerns

Moving back to the �rst period, t = 1, the trustworthy government takesW2 (�) and V2 (�) as given,
and chooses �1 by solving:

max
�1

�1�1 + �trW2 (�1= 1) :

The opportunistic type, in contrast to the �nal period, no longer has a strictly dominant strategy,
since its next-period payo¤ critically depends on its tax action in the current period. As a result,
the likelihood (including 0 and 1) that the opportunistic type will con�scate varies with di¤erent
levels of long-term credibility �1 and tax plan �1. The decision of the opportunistic type in turn
a¤ects the expected tax rate, which determines how many households will produce in that period.
Therefore, when the trustworthy type decides the optimal tax plan, it has to take into account the
best reaction of the opportunistic type, i.e. its incentive compatibility constraint, which takes one
of the following three forms:

1) a mixed outcome  1 2 (�; 1) is induced by a planned tax rate that makes the opportunistic
type indi¤erent:

�1�1 + �opV2 (�1= 1) = �1

with �1 = G [(1� �1) 1] and  1 (�1; �1) 2 (�1; 1) :

2) a pooling outcome  1 = 1 is induced by a planned tax rate that is bounded below by:

�1�1 + �opV2 (�1) > �1 with �1 = G [1� �1] :

3) a separating outcome  1 = �1 is induced by a planned tax rate that is bounded above by:

�1�1 + �opV2 (1) 6 �1 with �1 = G [(1� �1) �1] :

The trustworthy type �rst maximizes for each of the three outcomes, and then picks the optimal
�1 (�1) that generates the highest value among the three cases.

If ��UC satis�es either the pooling or the separating incentive compatibility constraint, i.e.
�op�


1 > (1� ��UC) or �op 6 (1� ��UC) �


1 , �

�
UC is the optimal rate among those that generate pool-

9
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ing or separating outcomes. To see this, notice that when  1 is �xed, the trustworthy government�s
tax revenues, �1 (1� �1)

�
� 1
�
; are maximized at ��UC and its continuation value, �trW2

�
�1=

� 1
�
;

is independent of the current tax plan. This solution to the unconstrained maximization does not
change after imposing the incentive compatibility constraint because the constraint is not binding
at ��UC .

However, if ��UC fails to support either a pooling or a separating outcome, that is when

�1 6 min
n�
�op= (1� ��UC)

�1=
;
�
(1� ��UC) =�op

�1=o
; (6)

the optimal tax plan will make the incentive compatibility constraint binding, i.e. the opportunistic
type will be indi¤erent between mimicking and con�scating. The following lemma formalizes this
property.

Lemma 1 When ��UC does not satisfy the incentive compatibility constraint of either a pooling or
a separating outcome, the problem of the trustworthy type can be simpli�ed to:

max
�12[0;1]

�1�1 + �trW2 (�1= 1) (7)

s.t. �1�1 + �opV2 (�1= 1) = �1 with �1 = (1� �1) ( 1) and  1 2 [�1; 1] : (8)

Proof. As shown above, when short-term credibility  1 is �xed, the optimal solution to the uncon-
strained maximization (7) is ��UC : In the case of having a pooling or a separating outcome, imposing
the incentive compatibility constraint will alter the optimal solution if ��UC makes the constraint
binding. Therefore, maximization dictates that the trustworthy type makes the least deviation pos-
sible from ��UC to meet the pooling or separating incentive compatibility constraints. That is, �̂1
such that �̂1�1 (�̂1; �1) + �opV2 (1) = �1 (�̂1; �1) is the optimal rate among those that generate sep-
arating outcomes, and ~�1 such that ~�1�1 (~�1; 1) + �opV2 (�1) = �1 (~�1; 1) is the optimal rate among
those that generate pooling outcomes. In the case of a mixed outcome, the opportunistic type is
already indi¤erent between mimicking and con�scating. Therefore, in any case, the indi¤erence
condition for the opportunistic type is satis�ed.

The trade-o¤s in setting the optimal tax plan

In the more interesting case when the optimal tax plan is di¤erent from the unconstrained optimal
rate, the lemma says that the trustworthy type always sets the tax plan such that the opportunistic
type is indi¤erent between mimicking and con�scating. The indi¤erence condition (8) thus deter-
mines the best reaction of the opportunistic type to the tax plan �1 given long-term credibility �1,
which can be captured by the endogenous variation of short-term credibility  1 as a function of
both �1 and �1 :

 1(�1; �1) =

�
�op (1� ��UC)



(1� �1)+1

� 1
2

�
1
2
1 : (9)

It is easy to see that  1 increases with �1:

@ 1
@�1

> 0:

The intuition is the following. Holding  1 constant, decreasing the tax plan �1 increases the tax-
revenue gap between following and deviating from the plan, and in turn raises the temptation to
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deviate. It thus increases the probability of con�scation �1 and implies lower short-term credibility
 1 to maintain the indi¤erence.

Lower short-term credibility  1 in the current tax plan increases the households�risk of con�s-
cation after production and thus depresses the tax base �1 = (1� �1)  


1 . Therefore, while a lower

tax plan makes it more rewarding to produce, it is less likely to be carried out. This credibility
e¤ect o¤sets the conventional tax e¤ect on the production base as described by the La¤er curve. As
a result, the marginal gain from raising the planned tax rate is larger when short-term credibility
responds to it endogenously than when short-term credibility is �xed as in the full credibility case:18

@�1�1
@�1

=
@�1G [(1� �1) 1]

@�1
> @�1G [(1� �1)]

@�1
> 0:

The tax plan maximizing current tax revenues is therefore higher than the unconstrained optimal
rate ��UC , with the discrepancy measuring the extent to which a trustworthy government accommo-
dates imperfect credibility.

Announcing a higher tax plan may bene�t current tax revenues, but it impedes the transmission
of information from the government to households. Because a higher tax plan is more likely to be
carried out by the opportunistic type as well, implementing it does not convey much information
about the government�s type. The Bayesian learning equation (2) re�ects such a learning e¤ect,
where higher short-term credibility  1 reduces future long-term credibility �2. Since the trustworthy
type�s tax revenues in the �nal period increase with its long-term credibility, a higher tax plan today
imposes a loss in terms of future revenues through slower growth in its long-term credibility:

@�trW2 (�1= 1)

@�1
6 0:

Therefore, the credibility and learning e¤ect of a tax plan, both of which stem from the optimal
reaction of the opportunistic type, constitute the trade-o¤s facing the trustworthy government. In
determining the tax plan, it has to weigh current revenues against future continuation values.

The key determinants in the trade-o¤s

What is the overall e¤ect of these trade-o¤s on the optimal tax plan? Is it optimal for the trustworthy
type to lower the tax plan relative to the unconstrained optimal rate ��UC , as a way of investing in
future reputation? Or is it optimal to raise the tax plan relative to ��UC so as to secure more current
tax revenues? I will argue that the two most important parameters that determine the overall e¤ect
are: 1) the elasticity of supply  relative to the number of future periods (set to 1 in the two-period
case); and 2) the ratio of time discount factors �tr=�op.

To see this, it is useful to observe that the trustworthy type�s payo¤di¤ers from the opportunistic
type�s value of mimicking only in its weight on future continuation values:

W1 (�) = max
�1

�
�1�1 +

�
�tr
�op

��UC

�
�opV2 (�1= 1)

�
:

Furthermore, because the opportunistic type is indi¤erent, the value of mimicking equals the current

18The derivatives are positive because a reasonable tax rate should always be on the increasing side of the La¤er
curve.
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production base, so does its reaction to tax changes:

@
�
�1�1 + �opV2 (�1= 1)

�
@�1

=
@�1
@�1

:

Therefore, if
�
�tr=�op

�
��UC = 1, the payo¤to the trustworthy type is equal to the current production

base, whose reaction to tax changes is determined by the elasticity of supply . On the other hand,
given the elasticity of supply , the larger the ratio of time preference �tr=�op, the greater the
weight that the trustworthy type assigns to its future continuation value, which in turn enhances
its incentive to invest in future reputation by lowering the planned tax rate today. �tr=�op is thus
a measure of the trustworthy type�s incentive to signal.

Recall that the reaction of the production base to tax changes is a compound result of two
competing forces: the credibility e¤ect, working through endogenous short-term credibility, and
the standard La¤er-curve e¤ect, working through households�after-tax payo¤. When the supply is
elastic,  > 1, the standard La¤er-curve e¤ect dominates and the production base reacts negatively
to a tax increase, @�1=@�1 < 0. However, when the supply is relatively rigid,  6 1, the credibility
e¤ect takes over and overturns the conventional reaction of the production base to a tax increase.
It now increases with the planned tax rate: @�1=@�1 > 0.

When @�1=@�1 < 0, decreasing the planned tax rate relative to ��UC increases �1, and in turn
increases the payo¤ to the trustworthy type if

�
�tr=�op

�
��UC = 1. In this case, the optimal tax plan

is lower than ��UC as long as the incentive for the trustworthy type to signal is not too weak, i.e.
�tr=�op is not too small compared to (�

�
UC)

�1. When @�1=@�1 > 0, however, decreasing the planned
tax rate reduces �1, and in turn reduces the payo¤ to the trustworthy type if

�
�tr=�op

�
��UC = 1. In

this case, the optimal planned tax rate is higher than ��UC as long as the incentive for the trustworthy
type to signal is not too strong, i.e. �tr=�op is not too large compared to (�

�
UC)

�1.
As the nature of the trustworthy type�s optimization di¤erentiates between low and high elas-

ticity of supply, I will treat the two cases separately in discussing the Markov Perfect Equilibrium.

MPE when  > 1

First, take the case when  > 1 so that @�1=@�1 < 0. In this case, there will be three ranges of
the state variable �1; labelled as "credibility regions", each with its own form of equilibrium. The
property of the MPE for each region depends on the ratio of time discount factors, as summarized
by the following proposition. The proof is constructive.

Proposition 1 Under the assumption  > 1, there exists a unique MPE in period 1 with the
following properties:

i. If �tr=�op 2 (0; ( + 1) =) and �op > 1� ��UC , ��1 > ��UC and the MPE is:

"mixed": ��1 (0 6 �1 6 l1) = ��1;  
�
1 =  1(��1; �1)

"constrained pooling": ��1 (l1 6 �1 6 h1) = ~�1 (�1) ;  
�
1 = 1

"unconstrained pooling": ��1 (h1 6 �1 6 1) = ��UC ;  
�
1 = 1

ii. If �tr=�op 2 [( + 1) =;  + 1], ��1 6 ��UC and the MPE is:

"mixed": ��1
�
0 6 �1 6 l�11

�
= ��1;  �1 =  1 (��1; �1)

"constrained separating": ��1
�
l�11 < �1 < h�11

�
= �̂1 (�1) ;  

�
1 = �1

"unconstrained separating": ��1
�
h�11 6 �1 6 1

�
= ��UC ;  

�
1 = �1
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iii. If �tr=�op >  + 1, the MPE is the same as case ii, except that there is no mixed MPE any
more.

Household production is ��1 = [(1� ��1) �1]
 in all cases and

��1 =
2� �tr=�op

 + 1� �tr=�op
; (10)

~�1 (�1) = 1�
�
�op (1� ��UC)

 �1
� 1
+1 and �̂1 (�1) = 1�

h
�op (1� ��UC)

 ��1

i 1
+1

; (11)

h1 =

�
1� ��UC
�op

�1=
and l1 =

"
(1� ��1)+1

�op
�
1� ��UC

�
#1=

(12)

Proof. When the unconstrained optimal rate ��UC does not support either a separating or a pooling
outcome, i.e. �1 6 min

�
h1; h

�1
1

	
, the optimal tax rate solving the problem of the trustworthy type

as described in (7) is ��1 if we ignore the boundary condition  1 2 [�1; 1]. This rate decreases with
both  and �tr=�op. It is higher than �

�
UC when �tr=�op 6 ( + 1) =.

Imposing the boundary condition, ��1 is thus feasible as long as it implies short-term credibility
 1 (��1; �1) within [�1; 1], i.e. �1 6 min

�
l1; l

�1
1

	
. Therefore, the MPE is mixed with planned tax rate

��1 when �1 6 min
�
l1; l

�1
1

	
. l1 decreases with �op but increases with �tr=�op.

Whenever the boundary condition of  1 (��1; �1) binds, the MPE is either pooling or separating,
depending on which side of the boundary is binding. If  1(��1; �1) < �1, i.e. �1 > l�11 , a separating
outcome is the best for the trustworthy type. If  1(��1; �1) > 1, i.e. �1 > l1, a pooling outcome
is the best. The optimal tax plans for generating separating and pooling outcomes are the least
deviations from the unconstrained optimal rate, i.e. �̂1 and ~�1, as proved in Lemma 1. �̂1 increases
with �1 and ~�1 decreases with �1.

Now we can combine the results established above to prove the proposition.
l1 6 1 and h1 6 1 if �tr=�op 6 ( + 1) = and �op > 1 � ��UC . In this case, there exists

a credibility region �1 > l1 such that the MPE is pooling. Within this region, when long-term
credibility is high enough ��1 > h1, ��UC can induce a pooling outcome and is thus the optimal
rate; when �1 2 [l1; h1], ��UC does not support a pooling outcome and thus ~�1 is the optimal rate.

l1 > 1 and h1 > 1 if �tr=�op > ( + 1) =. In this case, �op is smaller than 1 � ��UC since �tr
cannot be greater than 1. There thus exists a credibility region �1 > l�11 such that the MPE is
separating. Within this region, the separating outcome is constrained and induced by �̂1 as long as
�1 < h�11 . Once long-term credibility exceeds h�11 , �

�
UC becomes the optimal rate.

When �tr=�op >  + 1,
�
�tr=�op

�
��UC is greater than 1. The trustworthy type thus puts more

weight on future continuation values than the opportunistic type. Because decreasing the tax plan
always raises the value of mimicking when  > 1, it certainly bene�ts the trustworthy type. In
addition, �tr=�op > +1 implies �op < 1� ��UC . So in the region where an unconstrained outcome
is feasible, the MPE is also separating. Therefore, with any level of long-term credibility, having a
separating outcome is the dominant choice for the trustworthy type.

Figure 2 plots two representative policy functions ��1 (�1) associated with cases i and ii. The
left-hand panel is the case of equally patient government types: �tr = �op > 1 � ��UC . The right-
hand panel is the case where the trustworthy type is su¢ ciently more patient than the opportunistic
type: �tr=�op > ( + 1) �1. The elasticity of supply is  = 2 so that the unconstrained optimal
tax rate ��UC is 1=3.

The most notable di¤erence between these two functions is their opposite monotonicity. With
equally patient government types, the optimal tax plan decreases as credibility increases, until it
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reaches the unconstrained optimal rate ��UC . However, with the opportunistic type less patient than
the trustworthy one, the optimal tax plan increases with credibility until it reaches the unconstrained
optimal rate ��UC .

This contrasting feature again stems from the di¤erence in the extent to which the trustworthy
type is willing to invest in credibility capital. When it is infeasible to build up reputation rapidly
enough to compensate for the current revenue loss, the trustworthy type will use the tax plan to
sustain high current revenues. In turn, the optimal tax plan needs to be higher than ��UC to prevent
the opportunistic type from con�scating outputs so that short-term credibility is large enough to
induce a decent participation rate. This is the case when �tr = �op. By contrast, when �tr > �op,
the main goal of the tax plan is to increase the probability of con�scation by the opportunistic type
so as to stimulate rapid growth in long-term credibility. As a result, the optimal tax plan is lower
than ��UC in order to impose a higher cost on the opportunistic government if it were to mimic the
trustworthy type�s tax action.

This divergence in the purpose of the optimal tax plans naturally results in the opposite patterns
of monotonicity. In both cases, the gap between the optimal tax plan and the unconstrained optimal
rate ��UC shrinks as long-term credibility grows. This re�ects the diminishing credibility concerns
of the trustworthy type in designing an optimal tax plan, as its credibility capital accumulates.

What remains to be discussed is the case when �tr=�op < ( + 1) �1 and �op < 1 � ��UC . By
and large, the overall pattern of the policy function still follows the left-hand panel in Figure 2 (Case
i). That is, the optimal tax plan decreases with long-term credibility, starting at rate ��1 when �1
is low and ending at the unconstrained optimal rate ��UC when �1 is high. But there are two major
di¤erences in equilibrium outcomes when compared to Case i. First, it is now a separating outcome
that is induced by ��UC , as a result of the relative impatience of the opportunistic type. Second,
constrained pooling outcomes can only occur in the middle range of long term credibility if l1 6 1,
i.e. if �op is relatively high or �tr=�op is relatively low.

19 This is because pooling outcomes are only
desirable for the trustworthy type when the incentive to mimic (measured by �op) is relatively strong
compared to the incentive to signal (measured by �tr=�op). If this is the case, the trustworthy type�s
choice of a pooling or a separating outcome will depend not only on the ratio of time preference
�tr=�op, but also on long-term credibility �1.

MPE when  6 1

We now turn to the case when household production is more rigid,  6 1 so that @�1=@�1 > 0.
This is an important case to study since  6 n; which implies @�n=@�n > 0 with n denoting the
number of future periods, will be a common situation in a multi-period model. In addition, long-
term credibility plays a bigger role in determining the property of a MPE in this case compared to
the one with  > 1. The following proposition characterizes the MPE. The proof is constructive.

19 If l1 6 1, we have to compare the payo¤ to the trustworthy type associated with the unconstrained separating
outcomes to both the mixed outcomes and the constrained pooling outcomes. This is because the region where the
constrained pooling outcomes may be optimal is always a subset of the region where ��UC can induce a separating
outcome. To see this, start with �tr=�op = ( + 1) =; the highest possible level in the current case. The constrained
pooling region then coincides with the unconstrained separating region. Now, if we decrease �tr=�op, a lower �op is
needed to keep l1 constant. Hence, with the constrained pooling region �xed at [l1; 1], decreasing �tr=�op expands the
unconstrained separating region. It can be shown that the unconstrained separating outcomes only dominate when
the long-term credibility is above a cuto¤ ��1; where ��1 > l1.
If l1 > 1, a constrained separating region exists but it will be a subset of the unconstrained separating region.

Because it is always optimal to use ��UC to induce a separating outcome whenever possible, the MPE in this case will
not include the constrained separating outcomes.
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Proposition 2 Under the assumption  6 1, there exists a unique MPE in period 1 with the
following properties:

i. With low �1 6 L0, the MPE is "constrained pooling" f��1 = ~�1 (�1) ;  �1 = 1g.

ii. With moderate �1 2 [L0;H1], the MPE is "constrained pooling" except in the following cases:

a) if �tr=�op > A1
�
�op; 

�
, the MPE is

"mixed": ��1 (L0 6 �1 6 L1) = 0;  
�
1 =  1(0; �1);

"constrained separating": ��1 (L1 6 �1 6M1) = �̂1 (�1) ;  
�
1 = �1:

b) if �tr=�op > A2
�
�op; 

�
> A1

�
�op; 

�
, the MPE is

"constrained separating": ��1 (M1 6 �1 6 H1) = �̂1 (�1) ;  
�
1 = �1:

iii. With high �1 2 (H1; 1], ��UC is always the equilibrium tax plan. The opportunistic type
mimics for sure if �op > 1� ��UC and con�scates for sure if �op 6 1� ��UC :

Household production is ��1 = [(1� ��1) �1]
 in all cases. L0; L1;M1;H1; A1 and A2 are functions

of �tr=�op; �op and . Their speci�c forms are detailed in the appendix.
20

Proof. First of all, ��1 is no longer an optimal choice for the trustworthy type because it becomes
an minimizer in this case.21 The trustworthy type thus chooses between pooling and separating
outcomes unless the tax rate hits the feasibility constraint: [0; 1]. L1 is the lowest long-term
credibility with which a constrained separating outcome can be induced by a non-negative tax rate.
L1 is thus obtained by solving �̂1 (L1) = 0.

Within the region [0; L1], a constrained separating outcome is not feasible, so the choice is
between a constrained pooling outcome and a mixed outcome with zero tax rate. L0 is the cuto¤
below which the constrained pooling outcome dominates. This is Property i. When �1 > L1, the
choice is between a constrained pooling outcome and a constrained separating one. M1 is the cuto¤
above which the constrained pooling outcome dominates.

Finally, when �1 is high enough that �
�
UC can support either a separating or a pooling outcome,

the choice is between a constrained and an unconstrained outcome. If both outcomes are pooling
or separating, the unconstrained outcome is always dominant whenever it is feasible, as proved in
Lemma 1. In these cases, the cuto¤s are h1 and h�11 , respectively. If one outcome is pooling and the
other is separating, however, ~H1 is the cuto¤below which a constrained pooling outcome dominates,
whereas Ĥ1 is the cuto¤ below which a constrained separating outcome dominates. Therefore, we
obtain H1 as speci�ed in the appendix.

Cuto¤s L0; L1;M1;H1 in the credibility space are functions of �op,  and �tr=�op, so all three of
these factors play important roles in determining the credibility regions. Figure 3 plots L0, L1, M1,
~H1, Ĥ1 on the space of

�
�1; �tr=�op

�
. The left-hand panel depicts the case where �op 6 1 � ��UC

and the right-hand panel �op > 1 � ��UC . From the plots, we can also view L0;M1;H1 as cuto¤s
in the space of �tr=�op as functions of

�
�1; �op; 

	
. There are some noticeable features common to

both cases:

20Notice that A2
�
�op; 

�
> ( + 1) = if and only if �op 6 1 � ��UC , with the equality holding at �op = 1 � ��UC .

Also, when �op > 1 � ��UC , A2
�
�op; 

�
> 1=�op > �tr=�op, which is proved in the appendix. This excludes the

possibility that a constrained separating region can be next to an unconstrained pooling region.
21Proof is in the appendix.
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1) ~H1 is smaller than M1 for all �1 and is tangential to M1 at �1 = h�11 , because �
�
UC dominates

all the other ~�1 that induce pooling outcomes. Similarly, Ĥ1 is larger than M1 and is tangential
to M1 at �1 = h1, because ��UC dominates all the other �̂1 that induce separating outcomes. 2) It
is shown in the appendix that lim�1!1

~H1 = �1 and lim�1!1Ĥ1 = +1. Therefore, unconstrained
outcomes are always dominant if long-term credibility is high enough. This proves Property iii. 3)
L0 and M1 intersects once at �1 = L1 where �̂1 = 0.

Using these features together with the plots in Figure 3, we can obtain the results summarized
in Property ii. When �tr=�op 6 M1

�
�1 = L1; �op; 

�
� A1

�
�op; 

�
, constrained pooling outcomes

are dominant unless �1 > H1. When �tr=�op > lim�1!1M1

�
�1; �op; 

�
� A2

�
�op; 

�
, constrained

separating outcomes are dominant whenever they are feasible unless �1 > H1. When �tr=�op is
betweenA1 andA2, however, the MPE is "mixed" with zero planned tax rate for low �1, "constrained
separating" for moderate �1; and "constrained pooling" for high �1.

Propositions 1 and 2 have in common the fact that:

Corollary 1 If �tr = �op, the trustworthy type never reduces its tax plan below �
�
UC in equilibrium

to invest in reputation.

Only when the trustworthy type is su¢ ciently more patient than the opportunistic type does a
mixed outcome with ��1 < ��UC or a constrained separating outcome become optimal. In addition,
the MPE�s property is invariant with �tr=�op with extreme values of long-term credibility �1. Only
with moderate �1 does high �tr=�op induce separating outcomes in equilibrium.

In contrast to most cases with  > 1, however, the MPE with  6 1 often has a policy function
��1 (�1) that is discontinuous when �1 moves from one credibility region to another. Such high
sensitivity of optimal tax plans to credibility levels is essentially a re�ection of the high sensitivity
of the opportunistic type�s strategy to tax changes.

The E¤ect of Time Horizon �Solutions in a T-period Model

This section extends the previous analysis to a T-period model for two purposes. First, as a
robustness check, the extension preserves the central property that �tr=�op is the key determinant
in the trustworthy type of government�s investment in reputation. Second, the extension allows us
to obtain the time series implications of the model.

Denote n as the number of periods left until the terminal stage of the game, so n = 0; 1; :::; T �1
corresponds to t = T; T � 1; :::; 1. When T is large enough, we can always divide the game into two
parts:  > n and  6 n. Thus, the analysis in Section 3 can be applied accordingly.22

When there are more future periods, i.e. n is larger, the opportunistic type�s incentive to mimic
is strengthened. That is  n (�; �) >  m (�; �) if n > m. The strengthened incentive to mimic makes
it increasingly harder for the trustworthy type to signal. On the other hand, if the trustworthy type
is more patient than the opportunistic type, the di¤erence between types in terms of their future
continuation values becomes more prominent when n is larger. In this case, the trustworthy type
puts an increasingly larger weight on future continuation values than the opportunistic type, and
is thus more willing to signal its type.

22The relative sensitivity to tax changes of the weak type compared to households increases if there are more
periods left in the game. That is:

@�n (�; �)

@�
> 0 if and only if n > :
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Which force is dominant again critically depends on the ratio of time discount factors �tr=�op.
A low ratio �tr=�op < B1, makes the trustworthy type yield to the mimicking by the opportunistic
type and exert no e¤ort to signal. B1 is de�ned as

B1 =

�
( + 1) = if  > 1
A1
�
�op; 

�
if  6 1:

This is the case that will be presented in Propositions 3 and 4. A high ratio �tr=�op > B2, on the
other hand, motivates the trustworthy type to invest heavily in reputation, knowing that it will
later obtain a larger tax base. B2 is de�ned as a cuto¤ in �tr=�op at �n (�n >  > �n � 1 if  > 1
and �n = 2 if  6 1), above which the MPE is not constrained pooling with moderate long-term
credibility ��n:

B2 >

�
( + 1) = if  > 1
A2
�
�op; 

�
if  6 1 :

Proposition 5 will present such a case. These propositions will focus on the properties of time series
along the equilibrium path instead of the policy function ��n (�n) at each horizon, because the latter
has an overall pattern similar to its counterpart elaborated in Section 3 but with the exact shape
dependent on the details of the model.

Proposition 3 If �tr=�op < B1 and �op > 1� ��UC ,
i) The MPE in the early part of the game (n > ) is pooling, starting with unconstrained pooling

if T is large enough.

ii) The MPE in the later part of the game (n < ) depends on the initial long-term credibility
". With " 2 [lk+1; lk)K2(�2;�1]k=1 , the MPE is pooling at n > k and is mixed at n 6 k with

��n =
n+ 1� n�tr=�op
 + 1� n�tr=�op

: (13)

With " > l1, the MPE is always pooling. lk is the boundary of two crediblity regions with MPE being
"constrained pooling" and "mixed" respectively at n = k.

The planned tax rate in equilibrium thus starts with ��UC if T is large enough and increases over
time until n 6 k. Afterwards, it decreases over time until the end of the game.

Proof. The detailed proof is left to the appendix. A feature worth noticing is that when  > 1, as in
the case of n = 1, the support of long-term credibility in each period close to the end of the game can
be divided into three regions, each associated with a particular form of MPE: "mixed," "constrained
pooling" and "unconstrained pooling," respectively. The regions associated with constrained and
unconstrained pooling MPE expand to lower long-term credibility as we move backward in the
game, i.e. as more periods are left for the government to care about the future. Thus, at a certain,
large enough, horizon n, the region with mixed MPE disappears, as does the region with constrained
pooling MPE.

Figure 4 plots the equilibrium time series f��t ; ��t ;  �t ; ��t g
T
t=1 from a numerical example with

parameters  = 5, �tr = �op > 1���UC , T = 20 and " = 0:01. To understand the equilibrium paths,
it is useful to recall that the gap between the equilibrium tax plan and ��UC captures the credibility
concerns that the trustworthy type has when it su¤ers from imperfect credibility.

In this example, T is large enough so that a tax plan ��UC can induce the opportunistic type
to mimic for sure. Therefore, the game starts with an unconstrained pooling regime and with the
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trustworthy type keeping the tax plan at the unconstrained optimal rate ��UC . In this regime, the
economy behaves as if the trustworthy type has full credibility. As time elapses, fewer future periods
remain to reward the opportunistic type for maintaining its reputation. In order to sustain a pooling
outcome, the trustworthy type has to reduce the opportunistic type�s temptation to con�scate. This
is done by raising the tax plan from the unconstrained optimal rate ��UC , because not only the gap
in actual tax rates between mimicking and con�scating will shrink, but the production base � will
also drop, which will further decrease the gain from con�scation. Such a credibility concern for the
trustworthy type becomes severer as we move towards the end of the game, so the equilibrium tax
plan departs more and more from ��UC and the production base continues to drop.

When it becomes too expensive for the trustworthy type to support a pooling outcome, the mixed
regime takes over, with the opportunistic type randomizing between mimicking and con�scating.
The randomization makes long-term credibility grow over time whenever the tax plan is implemented
since such an event is now informative about the government�s type. The growth in long-term
credibility in turn mitigates the credibility concern in the optimal policy design. As a result, the
equilibrium tax rate declines over time toward the unconstrained optimal rate ��UC . Short-term
credibility also declines in this case as the opportunistic type�s incentive to mimic fades away and
its long-term credibility grows slowly. Driven by the declining short-term credibility, the production
base � continues to drop until the end of the game.

When �op < 1 � ��UC , the equilibrium time series are similar if initial long-term credibility is
low, except that an unconstrained pooling outcome is no longer feasible. Instead, an unconstrained
separating outcome becomes optimal at each horizon n if long-term credibility is high. The presence
of such a credibility region with "unconstrained separating" MPE alters the property of MPE for
other levels of long-term credibility with respect to the case where �op > 1� ��UC :

Proposition 4 If �tr=�op < B1 and �op < 1 � ��UC , the equilibrium time series depends on the
initial long-term credibility ":

i) With low ", the MPE is constrained pooling at n >  and is mixed with ��n de�ned by (13) at
n < . The equilibrium path of the planned tax rate is thus the same as the one in Proposition 3.

ii) With moderate ", the MPE is mixed �rst and unconstrained separating later, with the planned
tax rate decreasing over time to ��UC .

iii) With high ", the MPE is unconstrained separating throughout the whole game.

Proof. Details of the proof are again in the appendix. However, it is worthwhile to point out
that the forms of MPE for credibility regions in this case di¤er signi�cantly from those in the case
where �op > 1� ��UC . More speci�cally, at each horizon n > , there are three credibility regions,
ranked by � from low to high, associated with "constrained pooling," "mixed" and "unconstrained
separating" MPE, respectively. At each horizon n < , the region with constrained pooling MPE
is replaced by a region with mixed MPE with a particular tax rate ��n de�ned by (13). As we move
towards the end of the game,.this region with mixed MPE with ��n expands to higher long-term
credibility. But the region with unconstrained separating MPE remains the same throughout the
whole game.

The common message from Propositions 3 and 4 is that when �tr=�op < B1, all planned tax
rates in equilibrium, ��n; are larger than �

�
UC . Notice also that B1 > 1 at any level of elasticity of

supply .23 Therefore, Corollary 1 in Section 3 is robust to any �nite-horizon game:

23minA1
�
�op; 

�
= lim �1!0M1

�
�1; �op; 

�
=  + 1:
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If �tr = �op, the trustworthy type never reduces its tax plan below ��UC in equilibrium to invest
in reputation.

This result can be understood by the amount that various government types are willing to
pay in terms of current tax revenues for their reputation. If the trustworthy type shares a similar
time preference with the opportunistic type, the short-run cost necessary to induce con�scation by
the opportunistic type does not pay o¤ for the trustworthy type in the long run, either. If the
trustworthy type is su¢ ciently more patient, however, it can endure more current pain to in�ate
the short-run temptation for the opportunistic type to con�scate, and thus gain more credibility for
higher tax revenues in the future. This is the case where investment in reputation by the trustworthy
type can be optimal:

Proposition 5 If �tr=�op > B2, the equilibrium time series depends on the initial long-term cred-
ibility ":

i) When " is not extremely low, the MPE is mixed in the early part of the game and is separating
in the later part. The planned tax rate in equilibrium starts with a zero or low rate (��n < ��UC) and
increases over time to ��UC .

ii) When " is extremely low, the MPE in the early part of the game (n > ) is constrained
pooling with the planned tax rate increasing over time. After n < , the MPE is mixed �rst and
separating later, with the planned tax rate starting below ��UC and increasing over time to �

�
UC .

Proof. Details of the proof are again in the appendix. Recall that this is the case where the
increasing incentive to signal dominates the increasing cost with more future periods left in the
game, i.e. a larger n. Therefore, when we move backwards to the beginning of the game, the
trustworthy type is willing to sacri�ce more current tax revenues to accumulate reputation, which
implies a lower planned tax rate. However, if long-term credibility is extremely low and the number
of future periods in the game is large, the production base will be too small for the opportunistic
type to con�scate and give up the future streams of tax revenues. A constrained pooling outcome is
thus the equilibrium until the later part of the game, when the opportunistic type is less concerned
about maintaining it reputation. Only by then can the trustworthy type �nd it both feasible and
desirable to invest in reputation using a planned tax rate lower than ��UC .

Using the same parameterization as the previous numerical example, except for decreasing �op
so that �tr=�op > ( + 1) =, I plot the equilibrium time series in Figure 5 as a contrast to Figure
4 where both government types are equally patient.

With a low but not extremely low level of initial credibility, the game starts with a mixed regime
where the tax rate is kept at zero by the trustworthy type to invest in its reputation. A zero tax plan
generates zero tax revenue when it is enacted. This high loss gives the plan low credibility in the
initial periods of the game when the government is likely to be opportunistic, since there is a very
high probability that the opportunistic type will deviate from the tough plan. As households have
little con�dence in being taxed at rate zero, not many of them decide to produce, i.e, the initial
production base � remains low. However, when tough tax plans are implemented consecutively
for a number of periods, the evidence that the current government is a trustworthy type quickly
accumulates. With more trust in the government�s behavior, the production base rises.

After long-term credibility reaches a certain level, it can be maintained with lower investments.
This takes place when the trustworthy type starts to raise the planned tax rate to reduce revenue
losses. As households are more convinced that the current government is trustworthy, the planned
tax rate becomes more credible. Hence, despite higher tax rates, the production base continues to
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rise and in turn increases tax revenues substantially. Long-term credibility is still growing, but at
a lower rate than before.

The mixed regime with positive taxes will last until the trustworthy government decides to
distinguish itself absolutely from the opportunistic type. Such an event will occur before the �nal
period if the long-term credibility accumulates to a high point where the revenue cost of implement-
ing such a separation is justi�able. After gaining full credibility, the trustworthy type can tax at the
unconstrained optimal rate, with the production base being at its peak as well. The government
then achieves the best outcomes after all its earlier e¤ort to overcome its lack of credibility.

As mentioned at the beginning of this section, with a larger n, the trustworthy type is more
willing but also �nds it harder to signal its type. Neither of the o¤setting forces dominates the
other when �tr=�op lies between B1 and B2 so the properties of the MPE are less clear in this case.
The equilibrium time series largely depend on how the equilibrium path of long-term credibility
evolves over time. Nonetheless, if  > 1, low initial long-term credibility is always associated
with constrained pooling outcomes early in the game, whereas high initial long-term credibility is
associated with early separating outcomes. The cuto¤ value of the initial long-term credibility is
determined by the policy function at �n where �n >  > �n� 1.

Optimal Imitation in Announcement

In the last two sections, the optimal tax announcements were derived under a restriction on the
signaling strategy of the opportunistic government: it always has to imitate the announcement
strategy of the trustworthy type. This restriction and its implied optimal announcements will be
revisited in this section, in the context of a within-period signalling game where both the signalling
strategies and households beliefs are obtained in equilibrium. In a nutshell, the results are: (1)
imitation is indeed the equilibrium signaling strategy of the opportunistic government, so that the
restriction is not a binding one; and (2) the optimal announcement derived under the restriction
coincides with the unique equilibrium in the signaling game, when a re�nement by Mailath, Okuna-
Fujiwara and Postelwaite [1993] is applied. I thus complete the solution to the �nitely-repeated
game, determining both within-period signalling and the intertemporal evolution of credibility.

The signaling game

The within-period signaling game is between the government in place (now as the sender) and
households (now as the receivers). At the beginning of each period, the households have a prior
belief about the government�s type �, which is given by the updated credibility arising from the last
period�s government tax action. The current government, with its type unobserved by households,
then sends a public message in terms of an announced tax plan � .24 Contemplating this message,
households update their beliefs about the current government type � (�) from � in a manner that this
section studies in detail.25 The new long-term credibility then serves as the base for the interaction
between household production � (�; �) and the government�s con�scation probability � (�; �), if the
opportunistic type is in place.

24 I focus here, as above, on the situation in which an opportunistic government, if present, has not been revealed.
There is no signalling game if the type has been revealed.

25Note that �(�) will turn out to be uniformative and hence there will be no updating after the message is received.
But we are at present allowing for this potential updating.
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The pure sequential equilibrium

As is standard in the game theory literature, a suitable equilibrium concept for such a sender-
receiver game with incomplete information is the "sequential equilibrium" proposed by Kreps and
Wilson [1982].26 Denoting m (TR) and m (OP ) as the signalling strategies for the trustworthy
and opportunistic types, respectively, a pure sequential equilibrium in this game can be de�ned as
follows:

De�nition 2 The strategies and beliefs fm (TR) ;m (OP ) ; � (�; �) ; � (�)g form a pure "sequential
equilibrium" within any time period if:27,28

D.3.1) m (TR) maximizes the trustworthy type�s payo¤:

m (TR) = argmax
�

�� (�; �) + �trW
0 (�= ) :

D.3.2) m (OP ) maximizes the opportunistic type�s payo¤:

m (OP ) = argmax
�
[1� � (�; �)]

�
�� (�; �) + �opV

0 (�= )
�
+ � (�; �)� (�; �) :

D.3.3) � (�; �) maximizes the households�expected payo¤:

� (�; �) = G [(1� �) ] ;

where  = �+ (1� �) [1� � (�; �)].
D.3.4) � (�) is formed in a Bayesian fashion consistent with the strategies

� (�) = Pr (TRj�) = �Pr (� jTR)
�Pr (� jTR) + (1� �) Pr (� jOP ) ;

where

Pr (� jTR) =
�
1 if m (TR) = �
0 otherwise

; Pr (� jOP ) =
�
1 if m (OP ) = �
0 otherwise.

The equilibrium is always pooling

In Sections 3 and 4, the restriction that the opportunistic government always imitates the announce-
ment of the trustworthy type renders the announced message uninformative. It essentially imposes
restrictions on the belief function such that � (�) = � for all � : However, even when the imitation
restriction is removed, any equilibrium of the signaling game must still be a pooled one, in which
both types send the same message.

26Although sequential equilibrium may be a further re�nement of perfect Bayesian equilibrium, the di¤erence
between these two concepts is not relevant in the current context. But following the classic papers (Krep and Wilson
1982, Grossman and Perry 1986, Mailath et al 1993) that this work has been built upon, I will continue to use
"sequential equilibrium" as the main equilibrium concept.

27 I leave out the opportunistic type�s strategy for its con�scation probability � (�; �) in this de�nition because: (1)
it is not part of the signaling equilibrium as it is neither the sender�s signaling strategy nor the receiver�s best reaction;
(2) it is fully determined by the MPE which I derived in previous sections so long as � replaces �; (3) its information
is incorporated in the construction of short-term credibility, which enters the payo¤ functions of both governments
and households.

28 I focus only on pure signaling strategies here. That is, the sender is not allowed to randomize over several
messages.
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To see this, supposem (TR) = �� andm (OP ) = ~� 6= �� . Then, the opportunistic type�s identity is
perfectly revealed if households observe message ~� : that is, � (~�) = 0. In turn, the opportunistic type
will con�scate for sure as its future credibility will never grow again. Anticipating this con�scation,
no household will produce, which implies a zero payo¤ to the opportunistic type. Given this
consequence of sending a message ~� 6= m (TR), the opportunistic type can always improve its gains
by deviating to the same message as the trustworthy government. Hence, distinct messages from
the trustworthy and opportunistic types can never occur in the equilibrium. In other words, any
equilibrium in this signalling game involves the opportunistic government imitating the trustworthy
type�s message-sending. Therefore, in equilibrium, m (TR) = m (OP ) = �� and � (��) = �.

Multiple pooling equilibria

Thus, removing the previous restriction on the opportunistic type�s signaling strategy does not a¤ect
any of the equilibrium outcomes. However, one still has to determine the equilibrium message, and
the requirement m (TR) = m (OP ) leaves the out-of-equilibrium beliefs unspeci�ed. A notorious
consequence of such unregulated out-of-equilibrium beliefs is a continuum of sequential equilibria
that makes the optimal announcement �� derived previously only one of many possible outcomes.

For example, if the households somehow interpret all other messages but � = a as indicating the
current government is opportunistic, it is indeed optimal for both opportunistic and trustworthy
governments to send message a in equilibrium. Therefore, any message � 2 [0; 1] can be supported
in a sequential equilibrium by properly specifying the out-of-equilibrium beliefs.

Disciplining o¤-equilibrium beliefs

In the face of this indeterminacy problem, many equilibrium re�nements have been developed to
obtain sharper predictions in various classes of signaling games. The game under study has the
feature that it is costless for the opportunistic type to imitate the trustworthy one, which makes
many standard re�nements problematic.29 In this class of games, the approach by Mailath, Okuna-
Fujiwara and Postelwhaite (1993) turns out to be an appropriate one and further selects a unique
equilibrium coincident with the optimal policy prediction derived in Sections 3 and 4.

In their work, Mailath, Okuno-Fujiwara and Postelwaite elaborate Grossman and Perry (1986)�s
vision of using Bayesian reasoning to discipline out-of-equilibrium beliefs. Mailath et.al. postulate
three key ingredients in constructing belief restrictions. First, any out-of-equilibrium message must
be one that is sent in an alternative sequential equilibrium by some set of agents. Second, the
incentives that various types of agents have to send an alternative message � are evaluated by
comparison of their bene�ts in a candidate and an alternative equilibrium. Third, when such
comparison induces an out-of-equilibrium probability distribution of sender types computed by
Bayes�law, it is then used to generate restrictions on beliefs.

Following De�nition 2 in Mailath, Okuna-Fujiwara and Postelwhaite (1993), we can explicitly
de�ne this restriction on out-of-equilibrium beliefs, which I label as "strongly coherent out-of-
equilibrium belief" to facilitate future reference.30

29For example, intuitive criterion selects the worst pooling equilibrium in which both types announce a 100 percent
tax rate and no household produces. This selection is problematic because it implies a discontinuity in equilibrium
outcomes between a game with an in�nitesimal chance of a government being opportunistic and a game with no
chance of such a type. Another well-known re�nement by Grossman and Perry (1986) rules out all equilibria in this
game.

30This label comes from my parallel work with King and Pasten [2008a] on a related model of costless imitative
signalling. There, we also study the out-of-equilibrium beliefs restriction proposed by Grossman and Perry [1986] which
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De�nition 3 In an economy with a set of sender types 
, a candidate equilibrium fm̂; �̂; �̂g and an
alternative equilibrium f ~m; ~�; ~�g, the message � gives rise to a "strongly coherent out-of-equilibrium
belief" ' about a subset of types if

D.4.1) 8! 2 
, m̂ (!) 6= � , and there is a non-empty set K = f! 2 
j ~m (!) = �g;

D.4.2) 8! 2 K, R
�n
~m; ~�; ~�

o
; !
�
> R(fm̂; �̂; �̂g; !) and 9! 2 K, R

�n
~m; ~�; ~�

o
; !
�
> R(fm̂; �̂; �̂g; !);

where R (�) is the payo¤ function of the senders;

D.4.3) 8~! 2 K,

' (~!j�) = � (~!) Pr (� j~!)P
!2
 � (!) Pr (� j!)

;

where � (~!) is the prior belief of type ~! and Pr (� j!) speci�es the probability that a sender of type !
would issue the message � so that

Pr (� j!) =

8><>:
1 if ! 2 K and R

�n
~m; ~�; ~�

o
; !
�
> R(fm̂; �̂; �̂g; !)

0 if ! =2 K
[0; 1] otherwise

(14)

The re�nement by Mailath et. al. eliminates any candidate equilibrium if it cannot be supported
by any strongly coherent out-of-equilibrium belief, when such a belief exists.

De�nition 4 (Mailath, Okuno-Fujiwara, and Postelwaite Re�nement) A sequential equi-
librium fm̂; �̂; �̂g is "defeated" by an alternative equilibrium f ~m; ~�; ~�g if there exists a type ~! and
a message ~� = ~m (~!) sent by ~! in the alternative equilibrium, such that any strongly coherent belief
about message ~� is inconsistent with the supporting belief for the candidate equilibrium:

' (~!j~�) 6= �̂ (~!j~�) for any Pr (~� j~!) satisfying (14).

Illustration in a static setting

To see how this equilibrium re�nement by Mailath et. al. selects the unique equilibrium ��,31 I
�rst use a static version of the current signaling game, which allows a simple graphical description
of the key ideas. I will show in the next subsection that the same ideas apply to the original game.

In the static signaling game, the opportunistic government always con�scates and the payo¤s to
both types reduce to the momentary tax revenues:

R (� ; �; TR) = ��; R (� ; �;OP ) = �:

An indi¤erence curve in (� ; �) space is thus � = w=� for the trustworthy type with payo¤ level w;
and � = v for the opportunistic type with payo¤ level v. I draw examples of these indi¤erence curves
in Panel A of Figure 6 with dashed lines. In each panel, the horizontal axis is the tax announcement
� and the vertical axis is the participation rate �. The indi¤erence curve of the trustworthy type
� = w=� is decreasing and strictly convex in � . Given the announced tax plan � , higher levels of
the trustworthy type�s payo¤ correspond to an upward shift of the indi¤erence curve. By contrast,

we call "weakly coherent belief." Use of these belief de�nitions allows us to state these two alternative approaches in
a common manner, highlighting di¤erences in beliefs.

31From now on, I will name a pure pooling equilibrium by the equilibrium message sent in it.
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the indi¤erence curve of the opportunistic type is independent of the announced plan � so it is the
horizontal line in the panel. A higher participation rate � increases the payo¤ to the opportunistic
type, and in turn shifts its indi¤erence curve upwards.

To facilitate the drawing of the graph, I further assume the elasticity of supply  = 1 so that

� (�; �) = (1� �)� (�) :

The participation rate depends on the belief � upon receiving di¤erent messages � and thus fully
re�ects the out-of-equilibrium beliefs, which are the central focus of this section. I use dotted lines
in the Figure to draw such belief-based participation functions.

In addition, the continuum of pooling sequential equilibria can be captured by the solid line � =
(1� �) � in all the panels, where � is the prior belief in the current government being trustworthy.
Any point a on this solid line can be an equilibrium by properly specifying the out-of-equilibrium
beliefs. One example is shown in Panel B, where the households believe that any � 6= a is sent by
the opportunistic government: � (a) = � and � (� 6= a) = 0.

The solid line is also the restriction on signaling strategy, which we imposed to derive the optimal
announcement �� in Sections 3 and 4 as � (�) = � for all � . Hence, Panel A shows the determination
of �� in the static context where �� = argmax �� subject to � = (1� �) �. In the discussion below,
I will apply the re�nement by Mailath et al to rule out any pooling equilibrium other than ��;
and further establish the "undefeated" feature of �� so that it is the unique signaling equilibrium
surviving this re�nement.

Ruling out high tax equilibria

As shown in Panel C in Figure 6, a candidate equilibrium with a high tax announcement h > ��

must be supported by beliefs that make all � 6= h less desirable than h for both the trustworthy
and opportunistic governments. Re�ected in the graph, the belief-implied participation rates must
lie below the indi¤erence curves through h for both types. In particular, to avoid the trustworthy
government strictly prefering �� over h, the supporting belief about �� must imply a participation
rate lower than �̂, which is the point on the indi¤erence curve at message ��. This requires that:
(1� ��)� (��) 6 �̂ < (1� ��) � and, in turn,

� (��) < �:

However, this belief function is not strongly coherent with the senders�incentives in an alter-
native equilibrium �� < h. For the opportunistic government, it is strictly better o¤ by sending ��

as its indi¤erence curve through �� is above the one through h. For the trustworthy government,
deviating to �� also strictly increases its payo¤ because ��, by construction, is the unique revenue
maximizer when the belief about the equilibrium message is �. Therefore, the strongly coherent
unconstrained optimal rate receipt of the out-of-equilibrium message �� is ' (��) = � according to
the Bayes�law in D.4.3). In other words, the supporting belief for the candidate equilibrium h such
that � (�� < h) < � is not strongly coherent. Thus, h > �� is defeated by the alternative equilibrium
��.

Ruling out low tax equilibria

Panel D in Figure 6 shows a candidate equilibrium with a low tax announcement l < �� and its sup-
porting out-of-equilibrium beliefs. Applying the same reasoning as above, to avoid the trustworthy
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type deviating from l to ��, the supporting belief about message �� has to satisfy:

� (��) < �:

Again, this belief is not strongly coherent with the senders�incentives in an alternative equilib-
rium ��. The trustworthy government is strictly better o¤ by deviating to �� but the opportunistic
type is not, since the participation rate in the candidate equilibrium l is higher. So the only strongly
coherent belief about ��, ' (��), is equal to 1, which is inconsistent with � (��) < � �the supporting
belief for the equilibrium l. Thus, any candidate equilibrium l < �� is defeated by the alternative
equilibrium ��.

Existence

What remains to be shown is that the candidate equilibrium �� survives this re�nement �that is,
�� is undefeated by any alternative equilibrium.

To see this result, �rst notice that the candidate equilibrium �� can be supported by the out-
of-equilibrium beliefs

� (�) = 0 for � < ��

� (�) = � for � > ��:

Consider an alternative equilibrium h > ��. An opportunistic government does not have an
incentive to deviate from �� to h because the alternative equilibrium involves a lower participation
rate and thus less tax revenues. A trustworthy government will not deviate to h either, since
�� generates strictly higher revenues in the candidate equilibrium than h does in the alternative
equilibrium: �� (1� ��) � > h (1� h) �. If neither government sends message h, no restrictions are
placed on the out-of-equilibrium belief about h.

Now consider an alternative equilibrium l < ��; which has a higher participation rate so that
the opportunistic government will �nd it desirable to send such a message. However, the trustwor-
thy government will not because �� is already the revenue-maximizer given the equilibrium belief
�. Hence, the strongly coherent belief about the message l < �� is 0, which coincides with the
supporting belief for the equilibrium ��: � (� < ��) = 0.

Therefore, the equilibrium �� is the only survivor of the Mailath, Okuno-Fujiwara and Postel-
waite re�nement.

Generalization to the dynamic setting

Having displayed the power of this re�nement approach in the static setting, I now argue that the
same idea works in the original game.32

In the dynamic context, the optimal announcement �� derived in Sections 3 and 4 is essen-
tially the solution to the following constrained maximization problem after imposing the out-of-
equilibrium belief function � (�) = � for all � :

�� = argmax
�

�� (�; �) + �trW
0 (�= ) (15)

subject to � (�; �) = G [(1� �) ] :

32For readers who are curious about whether this re�nement works in a static setting with  6= 1, the answer is
yes as long as �� = argmax� � (1� �) � is unique. The reasoning follows exactly that presented in this subsection.
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with  (�; �) being determined by �� (�; �) + �opV
0 (�= ) = � (�; �) or its boundary value f�; 1g.

There are two complications added by having the governments live more than one period in the
signaling game. One is that the payo¤ functions of governments now include the future continuation
values. The other is possible mimicking by the opportunistic type so that its short-term credibility
 is not necessarily equal to the households�beliefs about the type �. However, neither changes the
essence of the equilibrium selection.

Any candidate equilibrium � 6= �� is defeated

From the argument in the static setting, the key ingredient in ruling out equilibria other than ��

is the inconsistency between the supporting out-of-equilibrium belief about message ��: � (��) < �
and the strongly coherent belief about ��: ' (��) > �. In the dynamic setting, we still need
� (��) < � as a requirement of the supporting beliefs for any candidate equilibrium �� 6= ��, because
~� (��) = � = � (�� 6= ��) generates strictly higher payo¤s for the trustworthy type by the construction
of �� so that it will induce the government to deviate from �� to ��. Similarly, any belief ~� (��) > �
will also induce deviation because the payo¤ to the trustworthy type always increases with its
long-term credibility �.

On the other hand, the strongly coherent belief about ��, ' (��) > �; is also preserved in the
dynamic setting. This stems from the fact that the trustworthy government has a strictly higher
payo¤ in the alternative equilibrium �� than in the candidate equilibrium �� 6= �� by the construction
of ��. Then, at least the trustworthy type will have an incentive to send the out-of-equilibrium
message ��: Pr (��jTR) = 1. Regardless of the incentive to the opportunistic type, Bayes� law
implies ' (��) > �.

Therefore, any candidate equilibrium �� 6= �� in the dynamic setting is defeated by the alternative
equilibrium �� as its supporting belief cannot be strongly coherent with the governments�incentives
to send message ��; and hence all equilibria �� 6= �� must be discarded from the equilibrium set.

The candidate equilibrium �� is undefeated

The undefeated nature of the candidate equilibrium �� in the static setting stems from two facts:
(1) such an equilibrium can be supported by any belief � (�) 6 � for all � with � (��) = �; and (2)
the strongly coherent beliefs about any message � 6= �� are consistent with this class of supporting
beliefs.

Both key facts hold in the dynamic setting. For the �rst, because �� is the unique payo¤-
maximizer for the constrained optimization (15) under the restriction � (�) = � for all � , the payo¤
to the trustworthy type for sending �� is strictly higher than the payo¤ for sending � 6= ��. As
the payo¤ increases with long-term credibility �, sending �� is certainly the best choice for the
trustworthy type when � (�) 6 � = � (��).

For the second fact, by the construction of ��, the trustworthy type has no incentive to send
any message � 6= �� because its payo¤ in the candidate equilibrium �� is strictly higher than in
any alternative equilibrium. Hence, for messages ~� which only the opportunistic type wants to
deviate to, the strongly coherent belief is ' (~�) = 0, consistent with the supporting beliefs for the
equilibrium ��. For messages that even the opportunistic type does not want to send, there are no
strongly coherent beliefs de�ned, and hence no restriction imposed on the supporting beliefs.

All in all, the candidate equilibrium �� is undefeated by any alternative equilibrium � 6= ��

in the dynamic setting so that it is the unique signaling equilibrium surviving the re�nement by
Mailath, Okuna-Fujiwara and Postelwaite [1993].
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Conclusions and Remarks

The paper has presented a simple reputation game where a trustworthy government can use pol-
icy announcements as an instrument to accommodate public doubts concerning its ability to pre-
commit, or to facilitate public learning of its true identity. The unique Markov perfect equilibrium
of the game reveals that it is optimal for a trustworthy government to separate itself from an oppor-
tunistic government only when the trustworthy type is su¢ ciently more patient. If this condition
does not hold, it will be too expensive for a trustworthy type to induce a separating outcome
through active policymaking and, thus, reputation building will never occure in equilibrium. This
partially explains why optimal reputation building by a trustworthy government, which is often
seen in practice, has not been adequately addressed in the literature since both types have usually
been assumed to be equally patient.

In fact, assuming a trustworthy type to be more patient than an opportunistic type is more
natural if we consider government type to be an endogenous choice based on time preference.
Suppose that it is costly to obtain a commitment device, then only a more patient government will
pay the cost and become trustworthy because, as the model predicts, it will have more to gain from
being able to commit.33

In sum, this paper provides a transparent framework for thinking about optimal investment
in reputation by a trustworthy government, which has been neglected by the existing literature
but is often a central issue in actual policymaking. It thus opens the door to new prospects for
productive theoretical research in other richer environments. In addition, as this framework involves
a consistent Bayesian perspective on choice, signalling and equilibrium selection, some results may
ultimately provide a basis for empirical analysis along Bayesian lines.
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Appendix

Proofs for Proposition 2

Parameter de�nitions in Proposition 2

L0 solves
�tr
�op

��UC =

h
1�

�
�op (1� ��UC)

 L0
�1=(+1)i �

�op (1� ��UC)
 L0

�(�1)=(2+2)
1�

�
�op

�
1� ��UC

�
L0
�1=2

L1 = �1=op (1� ��UC)

M1 solves
�tr
�op

��UC =
M
2=(+1)
1 �M=(+1)

1�
�op

�
1� ��UC

��1=(+1)
(1�M

1 )
+ 1

H1 =

�tr=�op 6 A2
�
�op; 

�
�tr=�op > A2

�
�op; 

�
�op 6 1� ��UC ~H1 h�11
�op > 1� ��UC h1 Ĥ1

with ~H1 solving
�tr
�op

��UC =
~H
1

1� ~H
1

�h
1� ~�1( ~H1)

i�1
�
�
1 +

��UC
�op

��
and Ĥ1 solving

�tr
�op

��UC =
1

1� Ĥ
1

��
1 +

��UC
�op

�
�
h
1� �̂1(Ĥ1)

i�1�

A1
�
�op; 

�
=

�
�op (1� ��UC)

�(�1)=(+1) � 1
1� �op

�
1� ��UC

� ( + 1) +  + 1

A2
�
�op; 

�
=

1� �
�op

�
1� ��UC

��1=(+1) +  + 1
~�1 (�1) ; �̂1 (�1) ; h1 are de�ned in (11) and (12)

2 ��1 is the minimizer when  6 1

The idea of this proof is to show that whenever the second order derivative of the trustworthy
type�s objective is negative, the �rst order derivative is also negative. Therefore, ��1 that makes the
�rst order derivative equal to zero can not have negative second order derivative and thus not a
maximizer.

Denote Utr as the objective function of the trustworthy type at t = 1:

Utr (�1; �1) = �1�1 (�1; �1) + �trW2 (�1= 1)

= �1�1 (�1; �1) +
�tr
�op

��2�opV2 (�1= 1)

= �1�1 (�1; �1) +
�tr
�op

��2 (1� �1)�1 (�1; �1) :

The last equality stems from the fact that the opportunistic type is indi¤erent between mimicking
and con�scating whenever ��UC is not the optimal rate at t = 1.
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The �rst order derivative of Utr is:

@Utr
@�1

=

�
1� �tr

�op
��2

�
�1 +

��
1� �tr

�op
��2

�
�1 +

�tr
�op

��2

�
@�1
@�1

:

The second order derivative of Utr is:

@2Utr

(@�1)
2 = 2

�
1� �tr

�op
��2

�
@�1
@�1

+

��
1� �tr

�op
��2

�
�1 +

�tr
�op

��2

�
@2�1

(@�1)
2 :

Now let us write �1 and @
2�1= (@�1)

2 as functions of @�1=@�1. To do so, we need the explicit form
of �1:

�1 = (1� �1)  

1 = (1� �1)



�
�op (1� ��2)

 �1

(1� �1)+1

�1=2
= (1� �1)

�1
2
�
�op (1� ��2)

 �1
�1=2

;

so that

@�1
@�1

=
1� 
2

�1
1� �1

=
1� 
2

(1� �1)
�3
2
�
�op (1� ��2)

 �1
�1=2

;

@2�1

(@�1)
2 =

3� 
2

1

1� �1
@�1
@�1

:

Plug them back into the derivatives:
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Now, if @2Utr= (@�1)
2 < 0, given the fact that  6 1 implies @�1=@�1 > 0,
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because
3� 
 + 1

>
1� 
 + 1

:

Therefore, if @2Utr= (@�1)
2 < 0,

�tr
�op

��2 >
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(1� �1) ( + 1)
+ 1 >

2

1 + 
+

�1
1� �1

1� 
1 + 

implies @Utr=@�1 < 0.

Relationship between A2
�
�op; 

�
, �tr=�op and ( + 1) =

We can rewrite A2 as
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It follows immediately that A2
�
�op; 

�
> ( + 1) = if and only if �op 6 (1� ��UC).

Denote A as �op= (1� ��UC). A > 1 when �op > 1� ��UC . We can rewrite A2 and 1/�op as:
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Since = ( + 1) <  < 1 and A > 1, the ratio is then greater than 1. Therefore, A2 > 1=�op >
�tr=�op.

Limits of ~H1 and Ĥ1 when �1 ! 1

When we view ~H1 and Ĥ1 as the cuto¤s in �tr=�op and are functions of �1; �op and , we can
express ~H1 and Ĥ1 as the following:
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If we can show that �
�op (1� ��UC)

��1=(+1) 6 1 + ��UC
�op

Then immediately lim�1!1
~H1 = �1 and lim�1!1Ĥ1 = +1 since (1� �1)

�1 ! +1.
To prove the inequality above holds, again denote A as �op= (1� ��UC). We can rewrite the

inequality equivalently as:

A�1=(+1) (1� ��UC)
�1 6 1 +

��UC
1� ��UC

1

A

A=(+1) 6 A


 + 1
+

1

 + 1

The right-hand-side is a linear function of A, and the left-hand-side is a concave function of A since
= ( + 1) <  < 1. The two sides equal when A = 1, and the right-hand-side is tangential to the
left-hand-side at A = 1. Therefore, the inequality must hold.
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