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ABSTRACT

The formation of macroeconomic policy is conceptualized as on-going pro-
cess of interaction between private individuals and a centralized policymaker.
This interaction is inherently strategic in nature and lends itself to a game-
theoretical treatment. Starting from the basic principle of rational expecta-
tions, the analysis advances a theoretical perspective on the related concepts
of macroeconomic credibility (time-consistency) and reputation in a develop-
ing economy context. Therefore the focus will be on macroeconomic policies
aimed at economic stability and structural reform, with the main emphasis
on monetary and exchange rate policies dedicated to disinflation. The macro-
economic games described here are an attempt to formalize the process of
policy formation which are governed by a dynamic process in which one of the
players in the economy, the private sector, form their expectations from the
actions of the other player, the government. More specifically, this involves
modeling of people’s reactions to announced regime shifts in economic policy
over time. The feedback of private behavior on the government’s incentives
is an essential element of credibility that has an important impact on the
real development of the economy.

ZUSAMMENFASSUNG

Die Ausgestaltung von Wirtschaftspolitik wird als Prozess wiederholter In-
teraktion zwischen einer zentralisierten Politikinstanz und privaten Indi-
viduen vorgestellt. Diese Interaktion ist inhärent strategisch und eignet
sich daher für eine spieltheoretische Behandlung. Die in dieser Arbeit auf
der Grundlage der Spieltheorie erarbeiteten makroökonomischen Modelle di-
enen der Formalisierung eines dynamischen Prozesses von Politikgestaltung.
In diesen Spielen bildet ein autonom handelnder Privatsektor Erwartun-
gen über die zukünftigen Handlungen einer Regierung. Die dabei entste-
hende Rückkopplung von der Ewartungsbildung des Privatsektors auf die
Anreize der Regierung hat weitreichende Konsequenzen für die Entwicklung
sowohl nominaler als auch realer Größen in der Wirtschaft. Aufbauend
auf dem grundlegenden Prinzip der rationalen Erwartungen erarbeitet die
Analyse eine Konzeptionalisierung der makroökonomischen Glaubwürdigkeit
(Zeitkonsistenz) und Reputation vor dem Hintergrund von Strukturreform
und Stabilisierungspolitik in Entwicklungsländern. Unterschiedliche Ansätze
sind besonders der Geld- und Wechselkurspolitik zur Inflationsbekämpfung
gewidmet.
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1. INTRODUCTION

One of the more favorable aspects of the debt crisis that ignited in 1982 was
the fact that it unleashed a wave of reforms never before seen in a large parts
of the developing world. To the surprise of most observers, the countries
hardest hit by this crises were the ones that were more than willing to apply
policy measures which were far-reaching, both in intensity and scope. The
broad package of reform measures that were the backbone of these efforts has
ephemerally come to be known as the Washington consensus, first introduced
by Williams, J. (1990). The essential elements of this consensus were dom-
inated by efficiency considerations of the neoclassical paradigm, peppered by
the think-tanks of IMF and World Bank. The catalog of measures included
macroeconomic policy reforms aimed at achieving economic stability (fiscal,
monetary and exchange rate policies), but also comprised of microeconomic
and structural reforms meant to promote structural reform and growth. The
policies prescribed in the Washington Consensus were no easy pills to swal-
low by any standards, even in times of economic tranquillity. And although
commitment to the this orthodoxy varied across countries and over time it
is a tribute to the tenacity and commitment of the political authorities in
charge that many countries, e.g. in Latin America, have come to within
reaching distance of completing the items on this agenda in a period of no
more than a few years during the 1980s.

However, the economic turmoils that have beset the global economy in
the latter half of the nineties, most recently culminating in the devaluation
of the Brazilian currency, have cast a pale shadow of doubt over the efficacy
underlying supposedly “efficient-enhancing” reforms. Even prior to the real-
ization of the sobering events in East Asia, Russia or Brazil, one must face
the dire reality that many of these reform initiatives were suddenly aban-
doned or entirely diluted by the very same politicians who had been their
most ardent supporters. Although the signs of reform in Latin America have
been hopeful of late, “Success and failure on this continent follow one an-
other in rapid succession, enthusiasm and wild hopes yield to disappointment
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and discouragement.”1 These experiences have made it clear that devising
successful policies requires more than devising blueprints; it also requires an
understanding of the forces that govern policy-making.

When pressed to explain why the practice of reform so often diverges from
prescription, journalists and economists alike will instinctively invoke the
specter of a credibility deficit to describe the unobservable liability that the
policymaker faces when implementing a new policy. Most economic advisors
would agree that a necessary condition for the success of any economic policy
is that it is accompanied by credibility and the failure of the reforms to
“deliver the goods” is quite simply a failure by the government to abide by
this principle. Since it has become a universal answer to all puzzles related
to policy-making, it should be no surprise that the Washington consensus
takes it as granted by not shedding a word about credibility considerations.

One cannot, however, shake off the feeling that something very crucial is
lacking in policy debates where vague allusions to “lack of public support”,
“commitment”, “uncertainty of government motives” or “political costs of
policy reversal” are offered as blanket category that appeal to our basic
heuristic interpretation of credibility but offer no starting point in way of
economic analysis. Commenting on the possibility that the Asian crisis may
prove contagious for Latin American reforms, for example, Joseph Stiglitz

very recently noted that “The countries of Latin America should realize that
there is a systematic relationship between credible policy and economic suc-
cess.”2 Such allusions to credibility are quite common but they unfortunately
provide no basis for a positive analysis.

The purpose of this thesis is to advance some theoretical examination
and perspective on the related concepts of macroeconomic credibility (time-
consistency) and reputation in a developing economy context. Therefore the
focus will be on macroeconomic policies aimed at economic stability (mon-
etary and exchange rate policy) and structural reform policies, such as the
removal of relative-price distortions and government intervention. The issues
surrounding stabilization and reform are confronted with game-theoretic rea-
soning because it has proven itself as the analytical tool par excellence for

1
Eduardo Lizano (1995), p. 1.

2 Quoted from the Frankfurter Allgemeine Zeitung, April 17, 1998, p. 16. The original
text in German is: “Die Länder Lateinamerikas sollten sich . . . besinnen, daß eine sys-
tematische Beziehung zwischen einer glaubwürdigen Politik und wirtschaftlichen Erfolg
besteht.”
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examining economic-political systems that are characterized by strategic in-
terdependence. The macroeconomic games described here are an attempt to
formalize the process of policy formation which is governed by a dynamic
process in which one of the players in the economy, the private sector, form
their expectations from the actions of the other player, the government. More
specifically, this involves modeling of people’s reactions to announced shifts
in economic policy (so-called “regime shifts”) over time. The feedback of
private behavior on the government’s incentives is an essential element of
credibility.

1.1 An eightfold path to credibility

To economists and non-economists alike, the concept of credibility used ex-
tensively in policy roundtables seems to appeal directly to our sentiments
of “trustworthiness”, “loyalty” or “confidence”. These intangible notions
underlie many social transactions and are central to the functioning of gov-
ernments, friendships and business relationships. In this sense, the term
credibility can be closely associated with interactions between two or more
parties that requires us to anticipate the responses of the others involved in
this transaction. Therefore, an important reason why credibility is perhaps
such an inaccessible concept is because it is fundamentally a microeconomic
problem, which does not yield itself easily to the macroeconomic form of
analysis, where economic aggregates will probably mask or distort much of
the interaction that takes place between individuals and government in the
economy. Before embarking on a macroeconomic analysis of credibility it is
therefore meaningful to briefly outline some general principals of credibility
that underly the theoretical analysis used later.

Economic transactions involving mutual trust embody a strong flavor of
strategic interdependence. For a number of transactions, individual decision-
making is influenced by the ability to depend on the reliability of someone —
or put slightly differently — the degree to which agents consider themselves
bound by (verbal) promises. Bank authorities must decide the reliability of a
loan applicant, employers must decide how much responsibility to delegate to
their employees, consumers must decide if they are to trust the content of the
advertisements they see. In all these cases the decision of one party, which by
convention is often called the principal, to take a specific action depends on
the trustworthiness or credibility of the other party, the agent. The means
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of the agent to convey his credibility is verbal communication, but there
are situations where he can undertake actions to underline his commitment
(such as making a downpayment for the loan, or profit-sharing schemes of
employers). Whatever the case, these attempts at establishing credibility are
strategic since they are aimed at influencing the decision of the principal.3

Strategic actions including verbal promises are utilized to favorably change
the principal’s expectations about the response to his action.

The channels through which the agent is able to enhance or establish cred-
ibility are multitudinous, and in many cases depend on the economic context
that is to be described. But it is perhaps possible to derive some common
elements that all credible strategies must possess, regardless of the context in
which credibility plays a role. In a brief essay, Dixit and Nalebuff (1992)
elaborate on eight devices that in their opinion, offer the ”credibility-debtor”
the strategic means to pay off his liability. These are all general principals
that even a non-economist could relate to, but the reason they carry special
significance is that they transcend all economic situations and therefore find
application in microeconomic as well as macroeconomic settings, but other
settings, such as political also come to mind4. I have taken the liberty to
summarize their principles in Table ( 1.1).

Using this table as a rough guide, what general principles are necessary
for a government’s policies to be viewed as credible? Assuming that the
government can be described as the agent of the public, one of the major
themes that will figure predominantly in this thesis will be that one method

3 The question that unfolds is whether the agent is (or believes that he is) in a position
to take actions or verbal promises that help him to uphold his credibility. If, on the
contrary, it is posited that the credibility of the agent is entirely independent of any actions
he undertakes, then it is not possible in this case to establish a strategic interdependence
since the actions of one party have no influence whatsoever on the decision-making process
of the other. In this case any analysis of the credibility phenomenon would be a trivial
undertaking.

4 The article of Dixit and Nalebuff happened to appear in a book commemorating
the contributions of Thomas Schelling who was responsible, as they comment, for
”bringing a new dimension to politics, business, and everyday life” (p. 161). One book
by Schelling in particular, titled The Strategy of Conflict (1960), is considered by many
as a catalyst for bringing strategic considerations and subsequently game theory, into
the wider arena of academic debate, most notably in economics and politics. Written
during the height of the Cold War, its center of interest lies in non-zero sum games of
military conflict (with special focus on nuclear warfare). It is engagingly written and,
quite surprisingly, does not resort to any formal descriptions.
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Tab. 1.1: Eightfold Path to Credibility

1. Establish and use reputation.
2. Write contracts.
3. Cut off communication.
4. Burn bridges behind you.
5. Leave the outcome to chance.
6. Move in small steps.
7. Develop credibility through teamwork.
8. Employ mandated negotiating agents.

Source: Dixit and Nalebuff (1992), p.162-163.

that allows the government to establish credibility vis-à-vis the public is to
alter its incentives so that it becomes more costly or impossible to back down
from its promises. These notions of credibility are captured in (2) “writing
contracts” and the rather metaphorical term (4) “burn bridges behind you”.
In the policy domain that we will examine both of these notions would re-
quire the government to establish some institutional safeguard that binds
the government to the policy it proposed. In the first case (2), this involves
making it costly in terms of the government’s objectives (perhaps prestige
or power) to renege on his promises. In the second case (4), credibility
could be secured by limiting the government’s use of discretionary powers.
Although one senses prevailing degree of Politikverdrossenheit in the indus-
trialized economies, the problem of credibility plays an insignificant role for
economic policymaking because the discretionary powers vested in the exec-
utive branch of government have been effectively checked in a sophisticated
political framework. Developing economies have yet to establish sufficient
institutional restraints that diminish the discretionary excesses of the exec-
utive. We will see that one of the main method to establish credible policies
lies in “tying one’s hands”, “burning its bridges” behind itself, i. e., by effec-
tively deterring the government from acting in a discretionary manner, the
government can mitigate the time-inconsistency problem closely related to
credibility problem and thus enhance welfare.

From a conceptual point of view, “establishing reputation” (1), also re-
quires a framework that alters the incentives of the government in such a way



1. Introduction 6

that makes it costly to renege on a previously made policy plan. But the con-
cept of reputation embodies the notion that the past history of policy can be
used as a helpful indicator for the evaluation of future policy. This implicitly
assumes a repeated confrontation between the government and the private
sector, where the latter form their actions on the basis of the government’s
“track-record” of government policy. By acting consistently over time the
government can build up a reputation and utilize this asset to meet strategic
ends. Instead of requiring an institutional corset to restrain the discretionary
potential of government, reputation has the interesting property of function-
ing as an informal constraint on government behavior. Given the intertem-
poral aspect of reputation, to see how reputation works in a game-theoretic
context requires a higher level of sophistication than the Nash equilibrium
concept offers.

The game-theoretic tools to be employed in the following chapters sets
structural limits to the analysis of credibility issues. We will be mostly
concerned with policy topics surrounding time-inconsistency and reputation.
However, heuristic references to other analogies from Table (1.1) can be made.
For example, an important issue of reform in developing economies involves
the timing and sequencing of government policy. To establish credibility,
many economists argue that reforms should be carried out gradually, or in
terms of (6), that a government “move in small steps”. The reasons can
be traced to political-economy considerations. Faster reforms, although effi-
cient, have the downside of resulting in larger short-term costs and thus in
a stiffer political opposition. Economic agents will generally recognize these
short-term adjustment costs associated directly with reform, but will have
difficulties in perceiving the long-run benefits.5

1.2 Game theory

The experiences of reform in the developing world have made it strikingly
clear that good economics does not necessarily translate into good results.
Any theory that purports to analyze the formation of policy must take into

5 Of course, one could also postulate that a quick reform would be more beneficial by
reducing the the time for pressure groups to organize themselves into a potent force in
opposition to reform. Funke, N. (1993), Edwards, S. (1990), Falvey, R. K., Cha

Dong (1992) and Sell, F. L. (1993) offer surveys of these competing views on issues of
timing.
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account that a government can only commit to the economic variables it con-
trols, not the results it hopes to generate. Regardless of how well-articulated
the program or how frequently it was publicly announced, policy will be less
effective if it is not capable of translating the government’s action into a
response by the private sector as predicted in a theoretical model. In other
words, credibility and reputation are both crucial elements in any analysis of
policy-making.

There are compelling reasons to simply delegate the analysis of policy
formation and the problems of credibility to the domain of political science,
but a lack of a rigorous and powerful theoretical framework in the field of
economics should not be cited as a reason. With its emphasis on the strategic
interactions between rational individuals, the methods of game theory have
helped to pave the way for an in-depth analysis in real-life economic, political
as well as social situations. This work will accordingly take a positive stand
on the merits of game theory for an analysis of policymaking. As John

Harsanyi (1995) notes,

In principle, every social situation involves strategic interaction among
participants. Thus, one might argue that proper understanding of any
social situation would require game-theoretic analysis.

Interdependence is the salient feature of all economic decision-making in
situations involving two or more decision-making parties. The Washington-
style reform proposals ignore this important fact. The tenets that form the
backbone of these reforms can perhaps be traced to the neoclassical theo-
rizing that delegates the policymaker to the role of a passive agent, a mere
delegate of optimal control theory. Knowing the consequences of the pol-
icy measures, it is simply a matter of arithmetic to find the “right” set of
policies and the analyst could move on to the normative problem of policy
advice. But such a view entirely subsumes individual incentives and indi-
vidual behavior that can be generated by the strategic interaction between
the political authority and the public. Indeed, it is no wonder then that in
its original form the Washington consensus does not even pay lip-service to
credibility considerations.

In order to analyze the problems surrounding credibility in a game context
it will be both convenient and necessary to view the political authority and
the public as individual decision-making actors with both parties optimizing
a well-defined objective function and taking into account expectational ef-
fects of their decisions. This puts the approach adopted here in opposition
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to traditional Keynesian perspective, in which expectations were assumed to
be exogenous to the model. Underlying this approach is the crucial assump-
tion that the economic actors have rational expectations. This explicitly
includes the political authority such that the “policymaker is . . . a rational
and maximizing agent, or collection of agents, who respond to incentives and
constraints just like the rest of the economy”6. Central to game-theoretic
reasoning is the concept of equilibrium as a solution concept. A Nash equilib-
rium embodies the fundamental idea of economics, that people (governments
as well) act in accordance with their incentives.

The concepts, terminology and models from game theory have come to
dominate many areas of economics and the field of macroeconomics makes no
exception the this general trend. The vast number of contributions on the al-
leged inflationary bias of monetary policy attest to the fact that the blending
of game-theory with monetary policy has been and continues to be an espe-
cially fertile ground for economists7. Most contributions on macroeconomic
policy games trace their heritage back to the pioneering article on time-
inconsistency under rational expectations by Kydland and Prescott

(1977), formalized by Barro and Gordon (1983). The scenarios are set
mainly in industrialized economies; the analysis presented her shifts the focus
to the reforming developing economies. What unites these diverse contribu-
tions is that they all derive their motivation from the intellectual challenge
of conceptualizing credibility.

1.3 Overview

The dissertation has been divided into two main parts. Following this in-
troduction, Part I (covering Chapters 2–5) will prepare the reader for the
game-theoretical arguments that will be used throughout the chapters. The
game-theoretical tools build upon each other and will be presented in an
increasing level of sophistication. In terms of the policy environment, these
introductory chapters will be held as general as possible, but do not deny
their heritage from the field of monetary economics. This part will also make
ample use of graphics to characterize the game-theoretic setting and will be

6
See Persson and Tabellini (1991), p. 1.

7 As of this writing, some recent contributions to this ever-expanding field are Svenn-

son, L. (1997), Gärtner, M. (1997) or Ellis and Steinar (1997) just to name a
few.
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more didactic in scope. We start off in Chapter 2 by showing that macro-
economic policy is the product of an interdependence between the behavioral
patterns of private individuals and centralized policymakers. Using a simple
model of the inflationary process as a reference point, it is shown that when
expectations are conditioned by a policymaker’s behavior (i. e. the monetary
stance he chooses), the outcome of policy depends on the way that the process
of expectation formation is modeled. We explore the ramifications of adap-
tive expectations (Section (2.3)) and rational expectations (Section (2.4))
en détail. It turns out that the assumption of rational expectations is cen-
tral for understanding the strategic environment in which policy outcomes
are determined. Under rational expectations, it will be shown that policy
can be time-inconsistent and therefore entirely self-defeating. This reassess-
ment of macroeconomic policy due to Kydland and Prescott will also
be examined since it provides a neat definition of credibility.

The strategic interaction between government and private sector lends
itself to a game-theoretic interpretation and the basic concepts of a game
theoretic interpretation of macroeconomic policy are presented in Chapter 3.
Macroeconomic policy will be characterized as a game between a centralized
government and private sector (within which there are no strategic inter-
actions). Basic concepts (equilibrium, rules, strategies) are described and
interpreted for the macroeconomic setting. A solution to the macroeconomic
game predicts, for a prespecified circumstance (i. e. parameter values), the
choices of the agents and the corresponding outcomes.

After this preliminary discussion, Chapter 4 sets the scene for the ex-
amination of credibility in a game-theoretic framework. The first section
(4.1) of this chapter begins by placing a policy of macroeconomic reform in
a generalized game-theoretic framework. In the extensive form presentation
of this game, a benevolent (i. e. social-welfare maximizing) government an-
nounces a policy measure that is designed to alleviate a suboptimal situation
in the domestic economy. In this context, the concept of credibility will be
shown to be closely related to the game-theoretic concept of subgame per-
fection. A more formal presentation of a credibility dilemma is provided by
a game theoretical analysis of monetary policy, introduced to the reader in
the rendering of the Barro and Gordon-type model in Section (4.2). In
the setting of a static one-period game, a change of monetary regime (e.g.
following a more contractionary course) intends to reduce expectations of
future inflation, which reduces the real costs of disinflation. It is shown that



1. Introduction 10

if the government is vested with discretionary powers, it is only rational for
it to deviate from these plans, to “surprise” the public by reneging on his an-
nouncement. A basic insight of this one-period model is that if a government
is able to exercise complete and costless discretion in its monetary regime,
the economy is thrown into an inferior (subgame perfect) Nash-equilibrium
in which inflation remains at its former level. This “inflationary bias” due
to lack of institutional constraints is a theme that we will encounter again in
Part II. The simple elegance of the Barro and Gordon-type model there-
fore not only provides an insight into the ’rules-versus-discretion’ discussion
of monetary policy, but more importantly serves to frame the game-theoretic
reasoning of macroeconomic policy in the chapters that follow.

Chapter 5 formalizes the concept of reputation by starting off with a
generalization of the strategic interaction between the government and the
private sector in a setting of asymmetric information. In an extended form
game of Section (5.1) we analyze the complex chain of reasoning that under-
lies the concept of equilibrium when private information is present. Private
sector beliefs, including those not played in equilibrium are elevated to the
level of importance of strategies in the determination of pooling or separat-
ing equilibria. The equilibrium concept of a Perfect Bayesian equilibrium
is discussed in Section (5.2). The role of policy history and uncertainty is
examined in a two-period model in Section (5.3), focusing again on mone-
tary policy within the setup of a repeated game with incomplete information
of the private sector. Intrinsic uncertainty enters the analysis through pri-
vate information the government possesses about its preferences regarding
inflation vs. output. This asymmetric distribution of information gives a
weak type of government the incentive to act strategically by taking actions
to misrepresent its information, a strong type is committed to a policy of
zero inflation. The basic idea is that the short-run costs from playing low
inflation are endured in order to enhance the weak government’s reputation
for low inflation. Inflation expectations evolve through a learning process in
which the public updates its beliefs as new information becomes available.
The government’s reputation is identified with the probability with which
the private sector believes that it is the type which is committed to low infla-
tion. This setup illustrates how reputation may discipline the uncommitted
government to “play” a strategy of low inflation. Reputation is more likely
to sustain a policy of low inflation the higher the government’s reputation is
when it enters office and the lower its discount rate of policy outcomes. This
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section also pays credit to reputation in a (monetary) stabilization policy
and presents a model framework that can be used to analyze the evolution
of reputation over time.

Part II (Chapters 6 and 7) delves into the policy implications of credibil-
ity and reputation in the context of an exchange rate stabilization program.
Taking the lead from the monetary games of Part I, we will examine these
issues from the perspective of a government torn between the objectives of
inflation and external balance. A brief review of the experiences of a select
group of countries illustrate the dilemma a policymaker faces when using the
exchange rate as a policy instrument. Keeping the exchange rate fixed to
stabilize prices can prove unsustainable in the long-run if the country faces a
shortage of foreign exchange reserves or an external borrowing constraint. In
a similar vein, a government attempting to keep its currency from depreci-
ating may find its foreign reserves exhausted and its borrowing approaching
a limit. In such a setting, the government might be tempted to renege on
its former commitment to a nominal anchor. Inflation arises because price
setters rationally fear that the authorities will try to devalue in order to
depreciate the real exchange rate.

Chapter 6 begins by presenting a model of a small economy producing
traded and non-traded goods which illustrates the situation of a govern-
ment attempting to stabilize inflation via a nominal anchor under exter-
nal (random) shocks. Due to a systematic deficit in the external account,
the government must weigh its desire to achieve a reduction in its exter-
nal deficit with its ulterior motive of stabilizing the domestic price level, a
composite of non-traded and traded goods prices. The game theoretic anal-
ysis involves a one-shot game and perfect information in which the basic
time-inconsistency proposition under alternative institutional settings of the
exchange rate regime is explored. Under a discretionary regime it is shown
that adherence to an exchange rate rule is time inconsistent and this inherent
devaluation bias of discretionary policy undermines the credibility of a fixed
(or semi-fixed) exchange rate. A welfare analysis shows that a trade-off arises
between the benefits of lower inflation via the nominal anchor and exchange
rate flexibility under variable shocks. Because of the stochastic nature of
exchange rate fluctuations there is potential for improving welfare.

To analyze the issue of reputation within the context of an exchange rate
stabilization, intrinsic uncertainty enters the analysis in Chapter 7 by assum-
ing two types of governments that differ with respect to the cost incurred from
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reneging on a fixed-exchange rate regime. Now the the policy dilemma facing
a government trying to cope with the twin objectives of inflation stabilization
and external balance is placed in a two-period game setting. A separating
equilibrium is shown to exist in which it is in the interest of a strong (low-
inflation) government to break the inflationary bias by distinguishing itself
from a weak (high-inflation) government. Thus, while the high-inflation gov-
ernment wants to conceal its identity by mimicking an exchange rate policy
consistent with low inflation (for the sake of manipulating expectations), a
low-inflation type wants its identity to be made known through a process
of signaling. The low-inflation type could signal its type by setting the rate
of devaluation in the first period of the game so low that the other would
not want to imitate her even if she could thereby be identified as being less
prone to devalue. The incentives of the different types of government to en-
gage in mimicking or signaling activity has implications on the end result of
inflation and the external balance. The “reputation effect” that influences
the decisions of both the strong and weak government may thus alleviate the
devaluation bias associated with the time consistency problem faced by the
government. The dissertation ends with a few concluding remarks.



Part I

EXPECTATIONS AND GAME THEORY



2. EXPECTATIONS AND
MACROECONOMIC POLICY

In a world fraught by uncertainty, expectations about the future profile of
events play a crucial role for the study of economics. The certainty of to-
morrow’s existence juxtaposed with the uncertainty of tomorrow’s events
explains why individual agents engage in numerous forward-looking activi-
ties such as investment in capital and saving in financial assets or why they
are willing to accept intrinsically worthless paper (money) in exchange for
tangible commodities and services. On a macroeconomic level, intertempo-
ral uncertainty matters most when decisions are irreversible. For example,
expectations about the future course of monetary policy strongly affect the
contracted wage for the contract period, which in turn influences realized in-
flation. The ups and downs of stock prices reflect the expected future stream
of dividends and earnings. Bond-holders desire suitable compensation in the
form of interest which is directly influenced by fluctuations in expected infla-
tion and exchange rates. The eminence of uncertainty in economic situations
makes the representation of expectations an albeit complex but an indis-
pensable undertaking. Today most would therefore agree that it impossible
“to provide a sensible treatment of macroeconomic theory without resort to
some model of expectation formation,”1

Despite their undeniable importance, expectations long received super-
ficial treatment in macroeconomic analysis. Keynes emphasized the sig-
nificance of the uncertain nature of the future, but uncertainty entered his
analysis in an exogenous fashion. He was equally confounded when it came
to examining the effects of policy on inflation, because the analysis ignored
the influence of nominal expectations on behavior.2 Not surprisingly, in or-
der to make up for this deficit, the macroeconomic mode of analysis that

1 See Begg (1982), p. 22.
2 See Leijonhufvud (1983), p.32
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immediately followed Keynes attempted to provide a more coherent theory
of expectation formation. With the advent of rational expectations the focus
of inquiry shifted away from the concern with the effect of expectations on
investment spending and liquidity preference to the effect of expectations on
real outcomes in monetary and fiscal policy. This reappraisal meant that
economists should take a closer look at the dynamic process by which eco-
nomic agents update their expectations as time progresses.

The following sections illustrate in a historical perspective how economists
have grappled with formalization of the expectation formation process. To
concentrate on expectations, we will abstrtact from other influences and start
with a simple model of inflation process that depends solely on expectations
about monetary policy.

2.1 A simple model of the inflationary process

At a very basic level, any model used to describe expectational behavior
should not be led by “wild and unpredictable imaginations”, but rather
should obey the rule that expectations are made “by intelligent consideration
and reconsideration of observed changes.”3 Also, since individuals are inca-
pable of making a correct assessment of true probabilities of future variables,
individuals are assumed to make subjective assessments of the probabilities
to forecast uncertain events. Given an assessment of uncertainty at the date
expectations are to be formed, it is then possible to construct a theory of
expectations formation which relies on available information at this date.4

As a final requirement, the unobservable process of expectation formation
should rely only on observable variables.

In the following a simple model is presented in which the demand for real
money balances is assumed to be a function of the expected inflation rate.
This model serves the purpose of presenting some standard expectational
hypotheses and their influence on the process governing the inflation process.
It also presents a framework in which a policy parameter — in this case the

3 See Machlup (1983), p.173.
4 If, at any moment in time, agents do not possess complete knowledge of the probability

distribution, they can form conditional best estimates by using information that becomes
available over the course of time. These forecasts converge to the actual (subjective)
probabilities through a process of Bayesian updating. Leaping ahead a bit, extensive
application of this rule will be made in the Chapters 5 and 7 covering reputational effects.
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money supply — directly effects price level formulation.5 The demand for
real money balances is given by

Mt−1

Pt−1
= α1 −

β(P e
t − Pt−1)
Pt−1

(2.1)

where Mt−1 is the money supply at time t − 1, P e
t is the expectation of the

domestic price level formed by economic agents for the following period t, and
α1 and β are positive constants. Equation [2.1] simply states that the higher
expected inflation rate (right-hand term of [2.1]), the lower the demand for
real money balances will be.

When using this model it is typically assumed that a centralized pol-
icymaker (such as the central bank) controls the value of M (the policy
instrument) at the beginning of every period which determines the amount
of money demanded. If the market for real money balances clears, then the
movement of a variable P can be indirectly controlled through variations
in the level of this policy parameter. But the monetary authority’s power
over P is not absolute since expectations of the future path of the price level
ultimately determine the efficacy of the agency’s policy instrument. The
monetary authority can only provide an input, “it can attempt to commit
itself on variables it controls; but the promised results are only as credible as
the commitment and the theory that generates the results.”6 The interdepen-
dent character of private sector and government decisions provides the link
between the actions of a political entity and the expectations of the private
sector and is central to understanding credibility.

Rearranging eq. [2.1] we get

Pt−1(Mt−1, P
e
t ) =

Mt−1

α
+
β

α
P e
t (2.2)

where α = α1+β > α hence β/α < 1. A solution to the equation above would
ultimately involve deriving the time path of P (i.e. solving for a first-order
difference equation). In order to acquire a unique solution it is necessary
to specify the behavior of the monetary authority captured in its choice of
Mt. Since P e

t cannot be observed for this purpose it is also necessary to have
some theory or model of expectation formation that relates P e

t to variables
5 The model was first presented by Cagan (1956) in his study of the demand for real

balances during hyperinflations. The model presented here is the discrete time case of the
continuous model presented in Blanchard and Fischer (1989), p. 195-198.

6 See Schelling (1982), p. 78.
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that are observable. The inflation process generated by eq. [2.2] therefore is
subject to the choice of expectation model that is chosen. In what follows,
we will outline three assumptions that can be made about expectations.

2.2 Static expectations

One extremely simple “theory” of expectational behavior was to assume that
economic agents always expect that the most recently observed value of any
variable will continue to prevail in the near future. Such a generalized ‘theory’
of static expectations could be represented algebraically by the equality

P e
t = Pt−1 (2.3)

such that the expected future price level P e
t (at the beginning of period

t) was equivalent to the last observable price level, Pt−1, regardless of the
development of other variables in the economy.7 The assumption of static
expectations is a very simple approximation of how expectations are formed
in real economic situations. But it does share a common trait with other
more elaborate theories of expectation formation by making unobservable
expectations a function of an observed variable.

2.3 Adaptive expectations

Monetarists argued that the expectation of the future price level is driven
mainly by agent’s experience of previous inflation rates. The application of
adaptive expectations (or extrapolative expectations) became the standard
approach for modeling expectations (used, e.g., to validate the permanent
income hypothesis). The adaptive expectations hypothesis (AEH) is a special
case of a more general framework in which expectations of P are related to
current and past values in a distributed lag fashion8. In algebraic terms the

7 Some economic variables become observable with a certain time lag. Therefore an
alternative presentation for variables with data collection delays one could assume that
Set is equal to St−2, where S is an observable economic variable.

8 Adaptive expectations hypothesis is derived from the more general model

P et = λ0Pt + λ1Pt−1 + λ2Pt−2 + · · ·+ λnPt−n (2.4)

where the λj coefficients are parameters that are constant over time. For the AEH, these
coefficients are assumed to sum to 1 and additionally the λj decrease exponentially in value
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movement of price expectations following the AEH can be written as

P e
t − P e

t−1 = λ(Pt−1 − P e
t−1) (2.5)

which says that economic agents derive their expectations at the outset of
period t by a fraction λ of the forecast error (Pt−1 − P e

t−1). In other words
expectations in the current period are revised if the value of the price level
forecasted in the previous period is different from the actual realization of
this variable, i.e., the case when market participants are surprised (e.g. by
the actions of the policymaker or unforeseen events).

The time path of price expectations is highly sensitive to the specification
of λ, a parameter exogenous to the economic model. Consider the extreme
cases: for λ = 0 agents are completely myopic and do not revise their expec-
tations under any circumstances such that P e

t = P e
t−1. If λ takes on the value

1, then current expectations are myopically linked to the previous observed
price level P e

t = Pt−1, i.e. static expectations. It follows that for λ = 1 agents
never “learn” from their mistakes and consistently make incorrect forecasts.
Eq. [2.5] above can be rewritten as

P e
t = λPt−1 + (1− λ)P e

t−1 (2.6)

which is a first-order adaptive expectations equation. The term P e
t−1 can

be derived analogously as P e
t−1 = λPt−2 + (1 − λ)P e

t−2. Substituting the
expectations of past variables in this fashion ad infinitum we can derive the
following term,

P e
t = λPt−1 + λ(1− λ)Pt−2 + λ(1− λ)2Pt−3 + · · ·+ λ(1− λ)n−1Pt−n

= λ
∞∑
i=1

(1− λ)i−1Pt−i (2.7)

Substituting this expression for P e
t into function (2.2) and moving the time

index up by one yields

Pt =
Mt

α
+
β

α
λ
∞∑
i=0

(1− λ)iPt−i (2.8)

which makes the movement of P depend solely on observable variables (Mt−1

and current and all past realizations of P ). An economic agent’s “best” guess

as P goes back in time. Adaptive expectations then are mathematically nothing more than
the geometrically distributed lag of past values of the variable (with the restriction that
the sum of the distributed lag coefficients equal unity).
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of an unobserved variable — expected price — can linked to the observable
variables — actual price in all previous periods and the current monetary
stance Mt−1. The AEH has the implication that the most recent observations
on the actual price level dominate the formation of expectations about the
development of prices in the future. Expectations are disproportionately
linked with the most recent past.9

One of the strengths of the adaptive expectations approach is that it was
the first to recognize the role of past history in the formation of expecta-
tions. By assuming a retrospective position it assumed that the economy is
structurally stable in that today’s outcomes are not vastly dissimilar from
yesterday’s. But the mathematical expression in [2.8] shows that expec-
tations are entirely backward-looking, formed without reference to current
information about the future. Such a backward-looking way of expectation
formation implies that people will make non-random errors in predicting the
value of variables in the future. This did not fit well with standard neoclas-
sical economic assumption that agents do not consistently repeat the same
mistakes. Another criticism involves information. The AEH assumes that
economic agents regard only the past values of the variables they are trying
to forecast. This means that these agents voluntarily limit themselves to a
very narrow set of information when forming expectations.10 Any improve-
ment over adaptive expectations approach would have to concern itself with
the incentives to acquire information and exploit profitable opportunities for
revising behavior (i.e. avoiding regular sources of error).

2.4 Rational expectations

A richer theory of expectations was first proposed by John Muth (1961)
in a microeconomic context of market commodity demand and supply. The
basic idea that Muth projected was that economic agents make decisions in
such a way that leaves little room to make errors in a systematic fashion. The
expectations are governed instead by ”economic thinking” in the sense that
agents try to avoid the costs of of systematic forecast errors by revising their
expectations accordingly. In order to avoid non-random errors the agents

9 From [2.7] we can see that price expectations decline geometrically in proportion with
0 < λ < 1.

10 See Begg (1982), p. 25-26.
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uses all available information in the “best way” possible, that is, rationally.11

Further information is appropriated only if the expected benefit exceeds the
cost.

Robert Lucas, Jr. was the first to recognize that this principal of ex-
pectation formation has general applicability to a wide range of expectations
about economic phenomena. In a number of exceptional contributions12 he
was able to link this principle of decision making to macroeconomic decision
making and thus open the analysis of expectations formation to the study
of economic policy. The REH was central in moving the elemental role of
information into mainstream economics by accepting that informational ac-
tivities are similar the same as any other economic activity that economic
man undertakes with the marginal benefits of information–gathering holding
the balance with the costs necessary to collect this information.

Under the REH, the behaviorial pattern of agents is inherently forward-
looking in the sense that current decisions depend not only upon the current
and past states of the environment, but also upon the entire expected future
profile of events, including anticipated economic policy. Private agents form
expectations by making optimal use of all relevant information. The rational
expectations hypothesis (REH) can be summarized as “the consistent appli-
cation of the hypothesis of rational behavior in genuinely dynamic situations,
with uncertainty about the future, imperfect information and costly infor-
mation gathering”13. Rational expectations does not simply look at the past
value and past forecast errors of the variable to be forecast, as in adaptive
expectations, but uses what is known of the determinants of the variable to
make predictions.

The point of departure of rational expectations is that individuals do not
(voluntarily) make systematic errors. To express analytically the hypothe-
sis that agents avoid non-random errors, the REH invokes a mathematical

11 For brief description of Muth’s model see Palley (1993), p. 9-13. Machlup (1983),
p. 174, considers the term rational a misleading misnomer. The term “rational expec-
tations . . . denotes correct expectations (or expectations in conformance with those of
some economic theorists of the neoclassical school).” The misappropriation of this term
by Muth was continued when rational expectation was carried over to macroeconomic
thinking so that “battling against the continued use of the misnomer would be fighting a
hopeless cause.” I will make no airs of overthrowing this consensus, but it is worthwhile
for the later game-theoretic concept of equilibrium to keep this distinction in mind.

12 For a broad survey of Lucas’ contributions to economic science see Svensson (1996).
13

Svensson (1995), p. 2
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condition that rules out such errors. When forming an expectation for Pt,
this condition ensures that Pt − P e

t should not be systematically related to
any information possessed by the agents in period t − 1 when expectations
are formed. From the vantage point of period t− 1, Pt is a random variable.
The predicted value of the price level P e

t is made using all of the information
available the period or periods before t14. The expectational hypothesis can
be adopted by postulating that

P e
t = E(Pt|Ωt−1) (2.9)

where E is the mathematical expectations operator and Ωt−1 is the set of
information available at period t− 1. In other words, this condition requires
that the subjective expectation (forecast) of Pt held by agents in t be equal to
the objective (mathematical) expectation of Pt conditional on the information
set Ωt−1.15

The rational expectations hypothesis implicates an intelligent economic
agent that possesses an underlying economic model which describes the way
in which the variable to be forecasted is generated. In our case the demand
for money function can serve the individual as a useful model for the infla-
tion process, since it describes the policy process generating Pt in successive
periods. Accordingly, the only logically coherent way to forecast Pt is to
use the probability distribution of this (random) variable as expressed in this
model [2.8] as the basis for computing E(Pt|Ωt−1). The rational expectations
solution for the movement of P given Ωt−1 using [2.8] is computed as

Pt−1 =
Mt−1

α
+
β

α
E(Pt|Ωt−1) (2.11)

which is still not a solution for P for it still contains the expectational variable
E(Pt|Ωt−1). To eliminate this term, we set eq. [2.11] one period forward and
then take expectations conditional on Ωt−1. Doing this yields

E(Pt|Ωt−1) =
EMt|Ωt−1

α
+
β

α
E(Pt+1|Ωt−1) (2.12)

14 By specifying the information set as such I am avoiding the question of how much
information individuals optimally choose to inquire. But the informational requirements
are not such that “the entire population have degree in economics” (Begg (1982)).

15 A forecast of Pt made two periods prior to t will differ under the REH only if the
information set changes between t− 2 and t− 1. Therefore

E(Pt|Ωt−1) = E(Pt|Ωt−2) when Ωt−1 = Ωt−2 (2.10)



2. Expectations and macroeconomic policy 22

where E ({E(Pt+1|Ωt}|Ωt−1) has been replaced by E(Pt+1|Ωt−1) by the law
of iterated expectations16. If this process of iterated replacement is repeated
for t→∞ then all expectations of future values of P are eliminated 17 such
that

Pt =
Mt

α
+

1
α

∞∑
i=0

(
β

α

)i
E(Mt+i|Ωt+i−1) (2.13)

It will be useful for the later analysis to use the growth rates of variables
rather than in level form. The development of the price level can be trans-
formed into an expression for the inflation rate taking the logarithm of Pt
and Mt. Utilizing some useful relationships,18 eq. [2.13] can be written as

πRt =
m̂t

α
+

1
α

∞∑
i=0

(
β

α

)i
E(m̂t+i|Ωt+i−1) (2.15)

where πt = lnPt− lnPt−1 is the inflation rate and m̂t = lnMt− lnMt−1 is the
growth rate of the money stock in period t. Formulated in this fashion, the
process of inflation, πt, is determined by the growth rate of the current and
expected money stock from t onwards. In a similar way, the inflation process
with adaptive expectations from eq. [2.8] can be written in these terms,

πAt =
m̂t

α
+
β

α
λ
∞∑
i=0

(1− λ)iπt−i (2.16)

With expectations being driven by rational agents, according to [2.15] the
development of inflation πRt is determined solely by the expectations of future
monetary policy. Comparing this with the solution for adaptive expectations
in [2.16] shows that expectations are completely forward-looking under the
REH — the past plays no role in the process of expectation formation. Under

16 In simple words, the best guess at time t − 1 about what individuals at time t will
expect for the price level in the following period is merely the best guess at time t− 1 for
Pt+1. A more formal proof of this “law” can be found in McCallum (1996), p. 184.

17 The residual expectational term
∑∞
i=1(βα )iE(Pt+i−1|Ωt−1) converges toward zero.

18 Inflation is defined as the growth rate of Pt between periods Pt+1 and Pt,

πt =
Pt − Pt−1

Pt−1
(2.14)

from which can be seen that Pt/Pt−1 = 1 +πt. Taking the natural logarithm of both sides
of this equation and using the approximation ln(1 + πt) ≈ πt, eq. [2.13] can be written in
rate-of-change terms as in [2.15].



2. Expectations and macroeconomic policy 23

adaptive expectations, the inflation process πAt is governed solely by observ-
able variables — any change in the government’s future expected path of
policy has no influence on the result. Eq. [2.15] is also therefore instructive
because it emphasizes that the process governing inflation depends on policy
decisions (in this case, the money stock) that are expected for each period
in the entire infinite future. To solve for πRt therefore requires the analysis
of future behavior of the monetary authority. This implies, however, that
we know something about the incentives of the policymaker when making
decisions of m̂. When the decision rules of the monetary authority change
in the future, perhaps because his or her preferences have changed, then the
relationships underlying money demand will also shift thus conditioning the
expectation of future inflation.19

Many economic processes are stochastic in nature so the process underly-
ing the outcome variable is very often assumed to be influenced by exogenous
disturbances. This is usually formulated by assuming a random variable ut
with a probability distribution centered at zero and having a constant and
finite variance, σ2

u, that becomes known only at the end of period t. It is
therefore not part of the information set at period t− 1, when expectations
are made. To be consistent with the REH the “best” forecast a rational agent
can make in t− 1 of ut is its mean value, i.e. E(ut|Ωt−1) = 0. Therefore the
result in [2.15] does not change qualitatively (but of course the expectational
error for period t is πt − E(πt|Ωt−1) = ut). With the exception of the model
in section [6.1], all the models discussed will be deterministic in the sense
that any unexpected events originate in the behavior of the government.

2.5 The time inconsistency of optimal plans

The assimilation of rational expectations into mainstream macroeconomics
led economists to examine in more detail the implications of expectations in
the design of economic policy. When expectations are no longer fixed by past
realizations of policy, then the behaviorial patterns of private individuals be-
come interdependent with the actions of a centralized policymaker. The pre-

19 The rational expectations hypothesis has some very powerful implications which also
deserve a short mention. It is, e.g. the only expectation formation mechanism that does not
exhibit any systematic errors. Also, given all available information, the errors of rational
expectations are on average zero. Furthermore, expectational errors are uncorrelated with
past expectational errors, i.e. E[(πt − Eπt)(πs − Eπs)] = 0, ∀s 6= t.
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ceding section established that under rational expectations, the predictions
of economic policy depend crucially on the specification of the objectives
and and incentives of the policymakers, and upon the constraints on their
actions. It is no longer possible to assume that the government is passive
agent that can be programmed like a computer. Instead, it is necessary to
view the policymaker as a rational and maximizing agent reacting to incen-
tives as private agents do. By specifying a government objective function
policy is made endogenous: The government maximizes its objective under
the constraints imposed by private equilibrium behavior.

Given such an interaction, the economic choices of the private sector and
government take on a strategic quality. Economic policy can be elevated to
the level of a strategy. The introduction of strategic elements into main-
stream economics was burgeoned by Kydland and Prescott in their
seminal paper Rules Rather then Discretion: The Inconsistency of Optimal
Plans (1977). The authors argued that the study of dynamic macroeconomic
systems must take into account the incentive structure of economic agents:
“. . . only if . . . expectations were invariant to the future policy plan would
optimal control theory be appropriate” for planning the outcome of future
policy measures. But they pointed out that under the premises of rational
expectations, “changes in policy induce changes in structure, which in turn
necessitate reestimation of future changes in policy”.20 Since optimal con-
trol theory disregards the strategic interaction between economic agents they
conclude that it is not the appropriate tool for economic planning.

The general problem of time inconsistent policies can be examined in a
two-period horizon. The government’s optimal policy describes a sequence
of policy actions, M1 and M2, specifying how the government should act
both now (period 1) and in the future (period 2) to maximize a well-defined
social welfare function. A macro welfare function21 can be defined over policy
choices and the economic choices of the private sector, X1 and X2, which pose
constraints on the government’s maximization problem,

V = V {X1, X2,M1,M2} (2.17)

Private agents’ decisions in period 1 are a function of current government pol-
icy and (uncertain) future policy. In the following period 2 agents’ decisions

20 See Kydland and Prescott (1977), p. 474.
21 See Blanchard and Fischer (1989), p. 568 for a rationalization of this type of

function in a model framework.
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are also made on the basis of the past history of previous decisions,

X1 = X1(M1,M2) (2.18)

X2 = X2(X1,M1,M2) (2.19)

so that welfare can be written as

V {X1, X2,M1,M2} = V {X1(M1,M2)︸ ︷︷ ︸
X1

, X2(X1(M1,M2),M1,M2)︸ ︷︷ ︸
X2

,M1,M2}

(2.20)
An optimal sequence of policies for t = 1, 2 maximizes social welfare V

with the constraints given by private sector behavior in [2.18]. The first
derivative of V according to M1 and M2 provides the conditions for a maxi-
mum:

∂V

∂M1
=

∂V

∂X1

∂X1

∂M1
+

∂V

∂M1

!= 0

∂V

∂M2
=

∂V

∂X1

∂X1

∂M2
+

∂V

∂X2

[
∂X2

∂X1

∂X1

∂M2
+
∂X2

∂M2

]
+

∂V

∂M2
(2.21)

=
∂V

∂X2

∂X2

∂M2
+

∂V

∂M2
+
∂X1

∂M2

[
∂V

∂X1
+

∂V

∂X2

∂X2

∂X1

]
!= 0

Optimal policy M∗ is a sequence of current and future policy actions, M∗ =
{M∗

1 ,M
∗
2}. Kydland and Prescott define a policy M∗ to be time con-

sistent if for each time period t = 1, 2, Mt maximizes [2.20], taking as given
the sequence of previous policy actions. For a policy to be consistent, the
government disregards the effect that future policy may have on current de-
cisions. It can easily be seen that by applying this consistency condition on
the the maximization condition in t = 2 given X1 is reduced to

∂V

∂M1

∣∣∣∣∣
X1=X̄1

!= 0

∂V

∂M2

∣∣∣∣∣
X1=X̄1

=
∂V

∂X2

∂X2

∂M2
+

∂V

∂M2

!= 0 (2.22)

If the condition in [2.22] holds then the policy sequence {M1,M2} is time
consistent. The crux of the matter is that an optimal policy that satisfies
the condition in [2.21] must not necessarily be time consistent. Under certain
conditions then, a policy may not actually remain optimal with the passage
of time. These conditions may be derived by simply comparing the first-order
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conditions [2.21] with [2.22]. A consistent policy is simultaneously optimal if
and only if

∂X1

∂M2

[
∂V

∂X1
+

∂V

∂X2

∂X2

∂X1

]
= 0 (2.23)

and it therefore follows that an optimal policy is time consistent when one
of the following conditions hold:

(1)
∂X1

∂M2
= 0 or (2)

∂V

∂X1
+

∂V

∂X2

∂X2

∂X1
= 0 (2.24)

The first condition in [2.24] states that future policy decisions must have
no influence on current private decisions for the optimal policy sequence
{M∗

1 ,M
∗
2} to be time consistent. The expectations process underlying (1)

implies that current decisions rely on a backward-looking procedure (such as
adaptive expectations in [2.8]), so that current decisions are indeed invariant
to future policy. The moment we allow for a forward-looking expectation
formation of rational expectations, then, by definition,

Xt

Ms

6= 0 ∀ s > t (2.25)

and condition (1) is no longer valid under a discretionary regime. Lack
of a “commitment technology” would therefore lead to time inconsistency.
If the government were to make a binding precommitments to the ex ante
optimal policy M1, the incentive to deviate ex post would be immaterial.
Accordingly, private decisions in period 1 would be made taking as given the
policy decision such that

X1

M2

∣∣∣∣
M2=M̄2

= 0 (2.26)

and the time consistency problem is solved. One way to solve the time incon-
sistency dilemma is therefore to alter the existing rules or the institutional
structure within an economy in order to limit the scope for discretionary
opportunism on the part of policy makers. One would assume that the con-
straint put on the government’s period 2 action would render the solution as
suboptimal. The rather ironic and often misunderstood implication of the
theoretical concept of dynamic consistency is that the government should be
placed in an institutional environment that keeps it from maximizing social
welfare in order to succeed in maximizing it.22 No public-choice interpreta-

22 See Chari, V. V. (1988), p. 21. This also leads to the paradox result that if the
government can fool people into believing that it will credibly commit itself to follow the
policy rules, then it can “cheat” them, i.e., deviate from M̄2, for their own good.
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tions of government behavior are necessary to rationalize this behavior.
The second condition in [2.24] relates to the government’s incentive struc-

ture embedded in the social welfare function V . If the effect of changes in
X1 upon V both directly and indirectly through X2 is not zero, then the
maximization of welfare is not entirely under the control of a benevolent
government. One way to view this situation is by postulating a conflict of
interest between the policy maker and private individuals due to the exis-
tence of economic externalities. Whereas it is individually rational for an a
private agent to ignore the externalities, a rational policy maker will try to
internalize them. Without these externalities the government could achieve
a first-best solution relative to his preferences and subsequently would have
no incentive to reoptimize and improve social welfare contingent on private
sector decisions. The existence of externalities puts the government in a
second-best situation. As will be illustrated in the following sections pol-
icy surprises can be viewed as providing additional policy instruments in
second-best situations, and hence there may be an incentive to use them.

In summary then, if one or both conditions in [2.24] do not hold, then
there will be a discrepancy between ex ante and ex post optimal policy.23 The
issue of credibility emerges here from the incentive structure of a government
that is not committed to a full sequence of actions in both periods. Ex ante,
before some choices have been made by the private sector, an optimal policy
induces some response of private behavior. Usually this policy sequence is
announced, so that private decisions are made contingent on the announce-
ment. Depending on the context these decisions can take the form of, e.g.
sector-specific capital, investments in human capital or wage contracts. But
ex post, after the choices of private individuals have been made, the response
to policy may be very different from the ex ante response. This renders the
government’s ex post constraints different from the ex ante constraints. It
will therefore renege on the announcement in order to achieve a first-best
outcome.

23
Calvo (1987), p. 229 adds that a policymaker must also be able to predict with a

small degree of error, the impact of his announcements on the private sector’s behavior,
i.e., its choices of Xt. Otherwise, the government has no basis with which to formulate its
welfare maximization. Calvo goes on to note that time consistency may therefore only
be a problem facing governments that are not only fine-tuning policy, but undertaking
major reforms.



3. ELEMENTS OF A
GAME-THEORETICAL ANALYSIS

Although Kyldand and Prescott did not frame their arguments in a
very formal manner, they were well aware of the fact that the strategic situ-
ation they were attempting to describe would lend itself naturally to a game
theoretic interpretation. In this respect they themselves spoke of economic
policy as “a game against rational economic agents”. The strategic situation
of a government maximizing welfare under the constraints imposed by the
behavior of the other “players” is not unlike the situation that game the-
ory has successfully analyzed in many microeconomic situations, namely the
study of individual rational choice in strategic situations.

The individualistic approach of game theory does not, at first glance,
make it a suitable device for discussing macroeconomic problems in which
a large number of private agents interact with one another only indirectly.
The domain of macroeconomics, especially the neoclassical school, is one in
which individual agency often appears to be particularly significant, i.e., be-
havior appears to be minimally socialized. Yet in retrospect it is perhaps
important to remember that the game-theoretic program rendered by Neu-

mann and Morgenstern (1944) is an attempt to resocialize the analysis
of rationality in economic environments. “Proper understanding of any so-
cial situation would require game-theoretic analysis...game theory has now
definitely become an important analytical tool in understanding the opera-
tion of our economic system.”1. In other words, game theory as applied to
the formation of economic policy can be seen as an attempt to establish the
micro-foundations of macroeconomic policy.

This section will cover the most important building blocks for a game-
based analysis of macroeconomic policy, as they will be discussed in the fol-
lowing chapters. Three major social structures define the strategic situation

1 See Harsanyi (1995), p. 293.
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of a macroeconomic policy game: the payoff structure, the game structure,
and the information structure.

3.1 Game and payoff structure

The game structure includes three essential elements: the players, the set
of actions available to the players and the rules regulating the use of the
actions. In order to place the structure in a context amenable to a game-
theoretical analysis, the following discussion will rely on the concept of the
representative agent. The formalization of the macroeconomy in terms of a
representative agent was advanced by the New Classical and New Keynesian
school of thought and involves the aggregation of economic entities.2

At a very basic level then, the players are individuals who make de-
cisions. Accordingly, the macroeconomic games that will be discussed will
involve two representative agents, a political entity, referred to as the gov-
ernment G and grouping of individuals, the private sector PS. It is assumed
that these players make rational decisions in the microeconomic sense that
they are able to compare relevant alternatives and rank them in terms of
preference. Under REH rationality also encompasses a strategic rationality
where the government and private sector take into account the behavior of
the other player by assuming that they are also behaving strategically ra-
tional. Furthermore under situations characterized by uncertain events, it is
assumed that the players either know the probability associated with each
state of the world or do not know them and updates them using Bayes’ rule.3

An action or move by player i is the choice he can make and will be
denoted by ai. The player’s action set, Ai, is the entire set of actions available
to him. The action of player could involve anything that the he can delegate,
such as the growth of the money stock, the appointment of a new central

2 Other reasons for using the representative agent concept can be cited as providing a
means of avoiding the Lucas’ critique and their aid in the construction of Walrasian models.
The validity of the concept for use in macroeconomics has been questioned of late, the
main thrust of dissent centered on the methodological aggregation problem inherent in
macro that undermines the entire attempt of looking at complex systems through the lens
of microfoundations. We will not delve further into this debate, but refer the reader to
Hartley, J. (1997) for an extensive discussion of this debate.

3 To model this subjective expected utility maximization a pseudo-player called Nature
is introduced who takes random actions at specified points in the game with specified
probabilities.
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banker, the level of wages or the dissolution of the player’s action set itself.
The actions of the policymaker will often be referred to as policy actions, or
just plain policy. In a macroeconomic game the terms actions and decisions
will be used interchangeably taking the bold assumption is made throughout
that there is no lag between the time the decision is made and the time action
is taken. An action set can be either discrete or continuous.

If actions are executed during the passage of time (as compared with
simultaneous moves), then the specification of the timing of actions becomes
an essential element of the game structure. It becomes necessary to specify
in which way time is taken to pass (i.e., the chronological duration between
the moves, where 0 gives the continuous case). Therefore, the rules of the
game specify the order of moves. This allows us to analyze the consequences
of different policy regimes upon the outcome of the game. A regime of
discretion, for example, is modelled by setting the order of moves such that
the government can take his action after the decisions of the private sector
have been made. By reversing the order of timing, the regime is said to
be one of commitment, since the government cannot reoptimize his policy
decision contingent on the actions of private individuals (refer to Chapter 4
for details).

With the action sets and rules are specified, each of the players adopts
a strategy that maximizes its utility (payoff). A strategy si is a rule that
instructs the player which action to select at each instant of the game. A
strategy is a function of observed history of actions and is independent of
current decisions or of another player’s strategy. The distinction between
strategies and actions is not important for many economic situations, but
it does become relevant for certain equilibrium concepts such as subgame
perfection.

The payoff structure of the game is essential since it determines the
motives underlying the actions of the game participants. The payoff U i

t of a
player i can be described as the utility the player receives after all the other
players (as well as Nature) have picked their strategies and the decisions have
been made in period t. The government’s preferences are summarized by a
macro welfare function, UG(mt, xt) which depends on its choice of policy
mt as well as the choice of the private sector xt. Private sector PS utility
is UPS(xt,mt) is a function of its choice and government policy selected at
time t. In many applications both these utility functions are continuous and
have well defined first and second derivatives. It is assumed that are both
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are concave in mt and xt.4

3.2 Information structure

Economic policy is an ongoing process that involves discrete moves (pol-
icy choices) over a finite time period. It is therefore insightful to analyze
macroeconomic games in a multiperiod context. In sequential-move games
information becomes a central element in determining the outcome of a game.
At a most fundamental level information must suffice in a game so that the
individual player knows what he is doing, i.e. knowing what their prefer-
ences are, what the structure of the game is , and what the payoffs from
playing the game are. An important characteristic of sequential games lies
in the conditioning of players’ perceptions about the environment and the
strategies to be played by the opponent.

Depending upon the setup of the game, the informational characteris-
tics can be divided into categories. The strongest informational requirement
are met by a game of perfect information, because the player has not only
knowledge of the past moves, but also knows exactly where he is in a game
tree.5 Conversely, if the information structure is not perfect, then economic
agents can use their private information for the pursuit of strategic ends.
Under imperfect information a policy maker may find it favorable to pursue
a course of action that he would not follow under conditions of perfect in-
formation. In this case time itself is a constraining element in the range of
policy alternatives the government has at its disposal. Furthermore in an
intertemporal context, the utility of policy actions becomes sensitive to the
fashion in which future realizations of policy are discounted.

A much more contentious point is the assumption of common knowledge.
In a strategic setting in which decision-makers are assumed to condition their

4 The concavity of the utility functions requires that the second derivatives in the
control variables are negative, i.e.

∂2UG

∂m2
t

< 0 and
∂2UPS

∂x2
t

< 0 (3.1)

which means that the first derivative of U i is a decreasing (monotonic) function of the
respective control variable.

5 A sequential move game can be presented in so-called extensive form, which takes
the form of a tree. Players undertake actions at their decision nodes, contingent on an
information set. See Rasmussen (1994), for a detailed explanation.
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choices on what they expect other decision-makers to do the players must
possess some information on rationality, payoffs and beliefs and on the game’s
structure. The common knowledge assumption implies that each player must
have knowledge about the other players. Specifically, “information is common
knowledge if it is known to all other players, if each player knows that all the
other players know it, if each player knows that all the players know that all
the players know it, and so forth ad infinitum.”6

3.3 Solution concepts

The concept of an equilibrium is central to modeling the interdependency
of decision-making between government and private sector. An equilibrium
strategy profile is a pair s∗ = {m∗t , x∗t} such that no player has an incentive
to deviate from these actions for every time period. In other words, the
equilibrium strategies s∗ adopted by the other players are the strategies that
maximize their individual payoffs.

3.3.1 One stage games

One shot (ore one stage) games are played only once so that neither past
nor future confrontations between G and PS play any role in determining
the outcome. Both players have full information about both the state of
the environment and the objectives of the other. The dominant solution
concept used in this setup is a Nash equilibrium which can be defined by the
property that the strategy of G and PS (taken from the action sets AG and
APS), which is taken as given by the other players, is actually optimal for
the respective player and vice versa. For a strategy pair {m∗, x∗} to be a
Nash equilibrium the payoffs must fulfill

UG(m∗, x∗) ≥ UG(m′, x∗) ∀m′ ∈ AG (3.2)

UPS(m∗, x∗) ≥ UPS(m∗, x′) ∀x′ ∈ APS (3.3)

Very often the policy-decision space as defined by AG and APS is in R so that
UG and UP are continuous and differentiable functions. The Nash conditions
can then be derived from the first-order conditions,

∂UG(m,x)
∂m

∣∣∣∣∣
x=x∗

!= 0 and
∂UP (x,m)

∂m

∣∣∣∣∣
m=m∗

!= 0 (3.4)

6 See Rasmussen (1994), p. 44.
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The conditions in [3.4] are necessary conditions for the government policy
m to be time consistent. It is possible to derive reaction functions from
these first-order conditions which give the optimal response of one player
to a specific action of the other, mr(x) and xr(m). Using the properties of
implicit functions on the Nash conditions in [3.4] we can illustrate how the
policy variable m changes through changes in the private sector’s strategy x,

∂m

∂x
= −

∂2UG

∂x∂m
∂2UG

∂m2

(3.5)

Since by definition the function UG is concave in m it is possible to establish
that ∂2UG/∂m2 < 0 always holds.7 Accordingly, the reaction function mr(x)
can be characterized by two cases. For ∂2UG/∂x∂m > 0, the government’s
policy m is increasing in x, i.e., government utility can be increased by choos-
ing a complementary strategy. Otherwise for ∂2UG/∂x∂m > 0, m is said to
be a strategic substitute for a private sector choice of x.

One special case of equilibrium obtains when the choice of x is governed by
rational expectations. Then the private sector is completely informed about
the objectives and constraints the government is facing. This means that it
has perfect information about the reaction function of the government mr(x)
and uses it when computing its optimal decision. A rational expectations
equilibrium is symmetric with mr(x) = xr(m) ⇒ m = x and expectations
are said to be self-fulfilling in equilibrium. Drawing the reaction function for
the government in a (m,x) space, the intersection with the 45◦ line gives the
rational expectations equilibrium. Figure [3.1] shows that for the case of
strategic substitutes (b), the slope of the reaction function mr(x) is negative
and subsequently there can be only one unique equilibrium. Complementary
strategies (a) may result in multiple equilibria, the implication being that
there may be a large degree of indeterminacy regarding the outcome of the
game. For example, in Figure [3.1] (a), the equilibrium outcome may involve
either high (m2) or low (m1) values of the policy variable.

The exact nature of the equilibrium depends on the institutional struc-
ture in which policy is carried out. The institutional environment limits the
number of ex post options the policymaker can choose from. If the policy
maker has full discretion then under certain conditions it has an incentive to

7 See footnote no. [4].
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Fig. 3.1: Rational expectations equilibrium
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use these discretionary powers to revise policy so to maximize the social wel-
fare. The other extreme of institutional constraint is a binding commitment,
in which the policymaker cannot change policy once it is announced. As we
will see below this institutional setup is superior in terms of welfare to that
of discretion. Discretionary powers in the hands of a government are self-
defeating, because the government acts as if optimization is unconstrained
when it fact it is (through x(m)). This leads to the paradox result that wel-
fare can in fact improved by increasing the number of explicit constraints the
policy maker faces.8

3.3.2 Dynamic games

Once the time-dimension is included explicitly in a macroeconomic game
context, the Nash equilibrium loses some of its appeal as the predominant
solution concept. For one thing, the Nash concept does not ensure that equi-
librium conditions are satisfied at every stage of the game. When players are
in no position to bind themselves to a certain strategy, the refinement of sub-
game perfection or perfect equilibrium rules out those equilibria that depend

8 This seems paradox since under normal circumstances, unconstrained optimization is
always superior to constrained optimization. But because institutional constraints act as ex
post limitations on the policy maker’s behavior they condition private sector expectations
and thus have a direct impact on the results of the policy measure. This will be a recurring
theme in the sections that follow.
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on non-credible announcements or threats.9 This has special relevance for
the time-consistency argument and will be given due credit in the following
section [4.1].

For our purposes the Nash equilibrium is additionally too weak to account
for reputational effects that will be the topic of Chapters 5 and 7 and will be
extensively discussed there. Briefly, these effects come into play when a player
in a multi-period setting is able to exploit some uncertainty that other players
have concerning his/her preferences and rely on the presence of asymmetric
information between the players and the information that is conveyed by the
aggregate history of the game. Events that are off-the-equilibrium path are
not exogenous to the game, but are derived endogenously from the strategies
of the other players. To tackle a multi-period setting requires a criterion
that goes beyond the requirement of Nash equilibrium that the strategy of
each player be an optimal response to the equilibrium strategy of the other
player. The concept of sequential rationality is an example of a refinement
of Nash equilibrium. A sequentially rational equilibrium is characterized by
a situation in which each player maximizes his payoffs at each point in time,
reoptimizing his decisions and taking into account that they will reoptimize
in the future.

9 This important refinement of the Nash concept originates from the seminal work of
Selten, R. (1975)
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The difficulties that many developing economies have encountered when pur-
suing policy reform are alleged to originate from a lack of credibility. For
example, the disappointing private investment response to reforms is often
attributed to the uncertainty regarding the future course of policy. This
credibility deficit acts in a way like an economic constraint and supresses
economic growth, translating into a situation in which investors prefer to
stay in a more liquid situation by optimally delaying domestic investment1.
In a similar vein, the reason so many trade liberalization attempts have ended
so unsuccessfully is the failure of the domestic government to create a credible
trade liberalization policy. Here the argument is again based on the diversion
investment flows: if the private sector perceives trade reform as being only
temporary, investment will not shift from the protected import-competing
sectors to the ex post efficient export sectors2.

These examples illustrate quite convincingly that the problem of estab-
lishing the credibility of policy measures can be at least as important as the
primacy of choosing efficient policy measures. The issue of credibility emerges
for reforming governments from the incentive structure of the government.
Desirable policies (i.e. those that remedy an allocational inefficiency) may
suffer from a lack of credibility if policy decisions are taken sequentially over
time (under discretion). If there are no institutional safeguards to limit dis-

1
Rudiger Dornbusch coined the metaphor of investors “sitting in the parking lot,

with the engine running” to illustrate this situation. A recent empirical treatment of
this phenomenon can be found in Aizenman and Marion (1993). A large amount of
literature thrives on the notion of the “waiting option” of investment. See Pindyck,

R. (1991) for a detailed account and further literature. Rodrik (1991) shows that the
intrinsic uncertainty of private investors acts as a tax on investment.

2 For example, Peru’s attempt at trade liberalization in the early 80’s was abandoned
because investors, believing that tariffs would soon rise again, imported massive quantities
of foreign goods and decreased domestic investment. See Ibarra (1995), Staiger and

Tabellini (1989), Rodrik (1989), Aizenman (1992) and Srivastava (1994) for related
models.
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cretionary authority and the government lacks a non-distorting policy instru-
ment, the socially optimal policy will yield a second-best outcome. The fact
that private sector decisions are often irreversible in nature puts a constraint
on their ability to respond timely to shifts in government policy.

The following section departs from the more verbal descriptions of the
preceding discussion and places the concept of credibility in a generalized
game-theoretical framework. The standard setting of a macroeconomic pol-
icy game is delineated in which a benevolent government announces a policy
measure that is designed to alleviate a suboptimal situation in the domes-
tic economy. The policy measure will be referred to in general terms as a
reform, as it wants to break with past policies and increase economic wel-
fare. A reform is only then effective if it is able to elicit a response from
the private sector. In Section 4.2 thereafter, we return to the special case of
a disinflation policy, emphasizing how credibility problems linked with the
government’s (or more specifically central bank’s) incentive to temporarily
boost the economy results in excessively high equilibrium inflation — the
celebrated inflationary bias of monetary policy.

4.1 Subgame perfect equilibrium and credibility

Consider an economy in which the rate of return to capital has been artifi-
cially depressed to r− k0, where r stands for the marginal product of capital
and k0 for a policy-induced distortion. To keep the analysis as general as pos-
sible, we assume that the distortion can result from many sources, e.g., an
explicit tax on investment, an import-substitution policy that results in inef-
ficient allocation between tradable and non-tradable sectors, or the presence
of unemployment compensation or income tax so that the privately chosen
quantities of marketable output will tend to be too low3.

The objective of reform is to persuade investors to move their capital
in the desired direction: repatriation of flight capital in the first case or
reallocation of capital from import-competing to export-oriented ones in the
second. To meet these ends, the government announces a reform, r, by which
the government would reduce the tax on investment. When enacted then,
such a reform would reduce k0 to k (with k < k0). Private agents have

3 The last type of distortion is the predominant assumption used in monetary games to
generate an activist policy. See the Barro and Gordon-type model of section [4.2] for
more details.
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the choice of investing in the domestic economy, which promises a return
of r − k if the government enacts the tax reform and r − k0 if it does not.
An alternative employment of capital (such as foreign investment) yields a
return of r∗. Pre-reform policies are assumed to have kept r − k0 no higher
than r∗ (i.e. r − k0 ≤ r∗), so if reform is not forthcoming, the private sector
will (weakly) prefer the investment with a return of r∗.

The government is assumed to maximize a well-defined social welfare
function U which summarizes the incentives of the government for enacting a
policy reform. Reducing domestic distortions by lowering the domestic tax on
investment (i.e reducing k0 to k) would increase welfare through its positive
effect on the allocation investment by reducing the distortionary effects of
taxation. But at the same time this policy, when enacted, would reduce
tax revenues, thereby lowering government utility. Given these incentives
it follows that the government’s preferred course of action would ultimately
be to announce a tax reform, but not to execute these reforms once the
choice is pending. This allows the government to secure the fruits of reform
(increased investment activity) without the concomitant loss in tax revenues,
given that the investment decision of the private sector is irreversible. This is
the first-best outcome to the government’s decision problem (labeled as U1).
If reform is enacted it is only able to achieve a second-best outcome, U2.4

Finally, the government’s third-best outcome U3 would be for the private
sector to withhold domestic investment entirely, choosing instead the “safe”
return of r∗. The preference structure of the government is such that its
payoffs can be (ordinally) ranked according to first-, second- and third-best
outcomes, where U1 > U2 > U3.

From what has been said thus far we can see that the actions of both
parties are strategically interdependent. The decision of the private sector
regarding the allocation of its investment depends on the government’s pre-
announced intentions and subsequent actions and the same holds true vice
versa. To see this interdependence more clearly, Figure 4.1 shows extensive
form representation of the the macroeconomic policy game between a govern-
ment and private sector. The action set of the government is AG = {“r”,r,nr},
with r and nr standing for the actions reform and no reform, respectively.

4 Government utility is measured in the short-term. Thus reform r will have positive
long-term effects, but in the short-run, due to the adjustment process, reform will pose a
negative burden such that U2 < U1.
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Fig. 4.1: Discretionary Regime
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“r” stands for the announcement of the government.5 The private sector
can choose either to invest in the domestic economy, i, or an alternative in-
vestment project, ni, so its action set is limited to AP = {i,ni}. In the first
case it receives a gross return on its capital of r, and r∗ in the second case.
Its net return, which is equivalent to its payoff, depends on the realization
of reform (which involves in this case a reduction of the tax burden on in-
vestment) . As we mentioned above, the government’s payoff is positively
related to the amount of investment, but also depends on whether taxes are
actually imposed on capital and the reaction of private agents to the reform
announcement.

4.1.1 Discretionary regime

Timing is one of the crucial elements of any macroeconomic policy game.
Altering the sequence of moves that form the interaction between the private
sector and government allows us to model alternative institutional settings
within the same framework. The sequence of moves corresponding to discre-
tionary regime is modeled in Figure 4.1: having the government chooses his
action after observing the action of the private sector puts it into a position
to use discretion when choosing policy. In other words, government is not
precommitted to a policy choice, so that his contingent actions that does

5 This announcement can be considered “cheap”, since it does not cost the government
anything to make it. As we will see later in Section (5.2.2), this cheap talk can have a
value in itself by coordinating actions. See Farrell (1995) for more detail.
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not necessarily have to coincide with his announcement “r”. Therefore, the
sequence of moves in a discretionary regime is as follows. First, the govern-
ment at node G1 has the choice of making an announcement that he will
reform capital taxation (r) or make no announcement at all (nil). We assume
that the latter choice is tantamount to taking no further action on reform,
so the game ends here (status quo position). If “r” is uttered then the game
continue with the private sector deciding at node PS. Observing the private
sector’s decision, the government finally chooses its reform stance at node
G2.

We now turn to the equilibrium actions that correspond to the “solution”
of the game. Assuming that the government makes an announcement (which
it does as long as U3 > 0), the strategy pair (i, nr) associated with the
first-best outcome is clearly optimal for the government and dominates all
other possible strategy pairings. Since reneging on the announcement “r” by
choosing nr is costless to the government it can improve welfare compared
to sticking to its announcement (U1 > U2). The reason is that once private
sector investment decisions have been made at node PS, capital is sunk and
can be taxed without creating any distortion. The tax on capital is then
equivalent to a lump-sum tax. This “surprise” tax on capital provides the
government with an additional policy instrument that allows it to achieve its
first-best outcome.6

The question that arises is whether the equilibrium (i, nr) is plausible.
For once the government reaches its decision node at G2 it is unlikely that
it will carry out its announced policy of r since it could just as well improve
its welfare costlessly by selecting nr. Knowing this, it is better for rational
private sector to terminate the game by choosingni at its decision node PS.
The dilemma for the government is that the optimal solution is not dynam-
ically consistent. The concept of time consistency finds its parallel here in
the game-theoretic notion of subgame perfection, a refinement of the Nash
equilibrium. A strategy profile is said to be a subgame perfect Nash equilib-

6 In an alternative interpretation of trade reform, the distortion k0 can be interpreted as
inefficient protection of the import-substitution industries via import tariffs. If tariffs con-
stitute an important revenue source for the government (taxes on trade and transactions
constitute a significant portion of government revenue in some selected economies, Sri-

vastava (1994), p. 450) then an announcement to reduce tariffs would shift resources out
of the import-substitution industries into export oriented ones. The government’s decision
to proceed with reform (reduction of t0 to k) would be only second-best: once resources
have moved then it can maximize tariff revenues by reneging on the announcement.
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rium if (a) it is a Nash equilibrium for the entire game and (b) its relevant
action rules are a Nash equilibrium for every subgame.7 The notion of sub-
game perfection is based on the distinction between moves that are taken in
equilibrium and those that are said to be off-the-equilibrium path.

In the discretionary setting of Figure 4.1 the only subgame Nash equi-
librium is (ni, nr) which is equivalent to the consistent solution of macro-
economic policy.8 At node G2 the government prefers nr to r, but the private
sector would prefer that reforms be carried out. Note that the information
set of the government at G2 is out-of-equilibrium, since it will never reach this
node in the proposed equilibrium. Therefore, the action set of the govern-
ment at this node is inconsequential to the private sector’s expected payoff,
since there is no chance that the government’s choice will matter (since it will
not be believed). But the strategy chosen at G2 does effect what the private
sector chooses at its in-equilibrium information set PS. The forward looking
character underlying rational expectations decision-making makes the pri-
vate sector evaluate the value to them of other strategies the government
may employ and estimate what would happen if they cause a previously out-
of-equilibrium information set to be reached.9. An equilibrium (i,r) does not
suffice the criterion of subgame perfection because it would involve a player
(the government) in an irrational choice among available options at a later
stage of the game. Thus, although the private sector would be better off
with the strategy pair (i,r), the incentive of the government to renege on his
announcement at G2 renders the government’s announcement of reform as
non-credible and the private sector withholds investment by choosing ni.

4.1.2 Commitment regime

A different situation exists if the government had some means to commit to r.
This would be tantamount to imposing institutional constraints that render
the government’s incentive to generate a policy “surprise” as nonexistent.
This is achieved in the game-theoretical context by reversing the timing of

7 A more extensive discussion than presented here on this crucial game-theoretic concept
can be found in Kreps(1990), pp. 421-425 or Rasmusen (1996), pp. 93-98.

8 To be exact, it is also the only Nash equilibrium possible in the discretionary regime so
that the there are no other Nash equilibria to disqualify with the subgame perfect concept.

9 The equilibrium concept of subgame perfectness is not compatible with expectation
formation process that is backward-looking (such as adaptive expectations) in the sense
that out-of-equilibrium strategies will not, by definition, influence the outcome of play.
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government actions (policy) relative to private actions. In a commitment
regime decisions are made before the private sector makes its investment
decision.

Fig. 4.2: Commitment Regime
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In Figure 4.2 a commitment regime is presented in extensive form. The
dynamically consistent solution is the Nash equilibrium (i, r) which suffices
the refinement of subgame perfection because the incentive to reoptimize
ex post and subsequently deviate from the second best policy (with payoff
U2) is immaterial. The strategy r is in fact the dominant strategy for the
government. The government’s announcement prior to its actions, “r”, is is
now perceived as credible by the private sector. By “burning the bridges”
to the discretionary use of taxation the government achieves an outcome
superior to that under discretion.

The presence of a commitment technology can be motivated by assum-
ing that a policy surprise poses a cost to the government. Commitment
can be enforced by a mechanism that introduces costs for the state when he
abuses his discretionary power.10 An appropriate commitment mechanism
for a sovereign decision-maker means finding a supra-national framework.
For example, one could imagine that the government is in some form of con-
tractual agreement with the international community. By the imposition of
a third-party, reneging on policy would be answered by some form of sanc-

10 A favorite analogy of a commitment technology is the commitment the Homerian
Ulysses wisely followed so as not to succumb to the deadly call of the Sirens by voluntarily
tying himself on the mast of his ship.
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tions that are costly to the government.11 In a game-theoretic formulation a
commitment regime is created by changing the rules of the game such that
the observation of the government’s move (and not only its announcement)
is therefore part of the information set of the private sector at node PS.

4.1.3 Comments

The importance of this section was to illustrate that the concept of credibility
can be traced to the game-theoretic notion of subgame perfectness. By posing
macreconomic policy as a game between a government and a private sector
allows us to examine the role of institutions for the formulation of policy.
In the institutional arrangment of a discretionary regime, we can therefore
posit that the announcment “r” (in Figure 4.1) is not credible ex ante because
private agents are forward looking they take into account the incentives of
the government to reoptimize ex post if it ever reached the subgame starting
at G2.

The common element of time consistency and subgame perfection is the
assumption of rational expectations and the failure of a discretionary gov-
ernment to internalize the mapping from actual policy to expected policy.
Given discretion, the government would like to generate policy surprises (i.e.
strategies that do not coincide with “r”) outside of equilibrium to a more
favorable outcome, i.e. first-best outcome, U1. In the game theoretic for-
mulation the source of credibility deficit for the government stems from the
fact that when private agents have rational expectations, actual policy maps
into expected policy in equilibrium, taking the government to the third-best
outcome, U3. A credibility problem does not arise under precommitment. By
setting private sector actions after the government decision, the precommit-
ment regime denies the government the means and therefore the incentive to
generate a surprise. The incentives to deviate from the announcement are ir-
relevant in this regime, and the government is able to successfully internalize
the mapping from actual policy to expected policy.

Seen in the light of this section we can also conclude that the disappoint-
ing response of investment to efficiency-augmenting reforms in developing
economies can be traced back to the propensity of governments to overuse
their discretionary powers. The lack of effective control over discretionary
powers is rampant in developing economies, where nascent democratic so-

11
Rodrik (1989), p. 13-15 provides some further examples.



4. Credibility 44

cieties often lack institutional or consititutional safeguards that limit the
executive grip on the economy. For example, Latin America

is dominated by a very powerful executive that can change and interpret law
at will. No judiciary will monitor and no legislature, neither parliament nor
private individuals, can efficiently protest against its discretionary power.12

Indeed, it is a rather sobering reality that even though many of the develop-
ing economies have turned to democratic systems, “the introduction of free
elections does not imply that there are sufficient controlling devices to check
the discretionary powers of the executive” and that many of the so-called
democracies in LDCs are no less than “electoral dictatorships.”13 Unfortu-
nately, it is too early to say that many countries have turned to the better in
this respect. The fact that the recently elected president of Venezuela, Hugo
Chavez, seeks to enact “a law giving him special powers to push through
economic measures without congressional approval”14, does not bode well
for the credibility of this new regime.

4.2 The Barro and Gordon model of monetary policy

By focusing on the general structure of the time consistency argument in
game theoretic terms, the discussion has not been very specific about the
macroeconomic context. Considerable scientific attention has been concen-
trated on monetary policy in the context of stabilization policy, both in theo-
retical and empirical terms. The model framework most commonly found in
the literature relies on the groundbreaking articles of Barro and Gordon

[BG] (1983a and 1983b).15 The simple elegance of the model allows not only
an understanding of the inflationary process, but also provides insight into
how macroeconomic context can be transferred into a formal analysis. This

12 See Brunetti and Weder (1994), p. 24.
13 Ibid., p. 7. According to the authors, two of the main instruments that allow gov-

ernments in LDCs to change rules and policies in arbitrary fashion are (1) the existence
executive decrees and (2) the collusion between the executive and legislative branches of
government.

14 The Economist, February 6th 1999, p. 55.
15 Other contributions that take a similar approach can be found in Backus and Drif-

fil (1985) and Canzonieri (1985). A thorough survey of monetary policy games is
provided by Cukierman (1992) and for the (German) reader with less time, Bofinger,

P. (1991) can be recommended.
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section will provide a “raw-bones” description of the model and focuses on
the underlying game-theoretical description.

4.2.1 Game structure

The model economy comprises of two players, a government G and a private
sector PS. The government controls monetary policy and can be thought
of as the monetary authority. The government (or dependent monetary au-
thority) is assumed to be able to control the growth of money supply directly
(which assumes that the Quantity equation holds). Furthermore, the growth
of money supply is directly linked to the inflation rate. The model is de-
terministic since this disregards any uncertainty regarding the transmission
of money supply impulses. The government’s action set AG = {πt} with
πt ∈ [0,∞) is continuous and contains his choice of inflation. The private
sector’s action set is comprised of the wage increase it chooses contingent on
inflation expectations, πet . The existence of nominal contracts means that the
private sector cannot revise its wage decision for the duration of the period.

4.2.2 Payoff structure

The defining characteristic of the government’s incentives are two policy ob-
jectives, reduction of inflation, πt and the stimulation of production Yt (Yt
can be interpreted as a proxy for the overall state of real activity so that
in an alternative formulation, a policy objective is also the reduction of un-
employment). The weights the government assigns to the objectives reflect
its willingness to trade-off disinflation for economic stimulation. The macro-
economic trade-off is stylistically derived from aggregate supply relation such
as a Lucas-supply curve function describing the constraint imposed by the
structure of the economy,

Yt = Y N + α(πt − πet ) (4.1)

where Y is output, Y N is the natural rate of output, and πt and πet are actual
and forecasted or expected inflation. Output is therefore a increasing (linear)
function of the discrepancy between actual and expected inflation. Unantic-
ipated inflation is assumed to be socially undesirable for a number of more
or less plausible reasons that have been put forth in the literature: inefficient
redistribution of income and wealth, costs of economizing on money balances
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(so-called “shoe-leather” effects) and costs associated with the modification
of the tax system.16 It thus takes the New Classical standpoint that monetary
policy can only affect the real side of the economy if it is unexpected.

The objectives of the government are made explicit by assuming that it
maximizes a one-period utility function. The general form of this additive
function is

UG
t (πt, Y − Y ∗) = f(πt − π∗) + g(Y − Y ∗) (4.2)

with π∗ and Y ∗ as the government’s preferred rate of inflation and economic
output, respectively. The BG-Type models share the common assumption
that f ′(π−π∗) < 0, meaning that the government dislikes a positive amount
of inflation in excess of the preferred rate. In what follows, the preferred
rate of inflation is to normalized to zero so that f can be formulated as
f(π − π∗) = −aπ2

t with a > 0 as the weight given to the government’s
(nonnegative) inflation rate. 17

An important element in the BG-type model is the assumption that for
a various number of reasons, the preferred output goal of the government,
Y ∗, exceeds the natural rate of output such that Y ∗ = Y N + ∆ with ∆ > 0.
Assuming that Yt ≤ Y ∗ ∀ t then the government prefers an output rate
exceeding the natural rate by ∆.18 This incentive structure imparts a temp-
tation to increase inflation in order to raise output above the natural rate,
with the “bliss” point of government utility being reached when Y = Y ∗.
Accordingly, the g function in the government’s utility is contstructed to in-
sure that g′(Y − Y ∗) < 0. Therefore, with 4.1 we can write the function g

as

g(Y − Y ∗) = −b(Y − Y ∗)2 (4.3)
16

Fischer and Modigliani (1978) provide a discussion of the costs of inflation. Still,
there does not seem to be general agreement in what manner inflation can be socially
costly. Blanchard and Fischer (1989) even note that “despite an impressive array of
models in which inflation is socially costly, there appears to be professional consensus...that
economics cannot justify the weight put on low inflation as a goal of policy” (p. 569, my
italics).

17 In the original formulation of the BG-model, the government’s preferences are set so
that it minimizes a given loss-function. The dual problem, maximization of utility, is used
here which, however, does not alter the final results.

18 The presence of government imposed distortions, such as distortionary taxes on labor
or income, are usually employed as a justification for this crucial assumption. In alterna-
tive presentations of the BG-model, these distortions may be captured by introducing a
constant k such that Y ∗ = kY N . The crucial assumption is that k > 1.



4. Credibility 47

= −b[α(πt − πt)−∆]2 (4.4)

whereby the quadratic term can be interpreted as a quadratic approximation
to the welfare loss (hence the negative sign in the utility term) of being away
from Y ∗. Collecting what has been said so far UG

t can be written as

UG
t = −aπ2

t − b(Y − Y ∗)2 (4.5)

Combined with (4.1) and the fact that ∆ = Y ∗ − Y N the preferences of
the government may be summarized by

UG
t (πt, πet ) = −aπ2

t − b[α(πt − πet )−∆]2 (4.6)

The private sector can be thought of as a monopoly trade union which dic-
tates the wage bargaining process. The public’s preferences are governed
by their unwillingness to be caught by administrative (i.e. inflationary) sur-
prises. Theses preferences may be represented by

UPS
t (πt, πet ) = −(πt − πet )

2 (4.7)

4.2.3 One-shot game

Many contributions to the analysis of a monetary policy game can be traced
back to the canonical structure of the game outlined in the preceding section.
In its simplest manifestation, the game takes the form of a one-stage game
of complete information. Under this scenario neither past nor future con-
frontations between players influence their current strategy selection so that
their objective functions correspond to their one-period utility functions UG

t

and UPS
t . Moreover, both the government and the private sector are fully in-

formed about the preferences (i.e. utility functions) of the other player. The
outcome of the game can be characterized by the strategies that are chosen
in equilibrium, the consequences that these strategies entail for the players
(measured in terms of payoff) as well as the utility for the players associated
with the payoff. In a one-stage game this outcome depends in large part on
the institutional structure within which the government conducts its policy.
In the monetary policy game this structure can be described by the ability
of the government to precommit to a preannounced policy of low inflation.
In section 4.1 it was shown that the this institutional constraint can be set
into game-theoretic language by altering the timing of the game.
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First, consider the case in which precommitment is feasible. The timing
then is such that the government first makes an announcement at the out-
set of period t that it will follow a monetary policy rule compatible with a
low inflation rate. Then as a second step the government enacts a restric-
tive monetary policy (such as an open market transaction) that objectively
conforms with low inflation. Finally, after having observed the government’s
announcement and action, {“π = 0”; π = 0}, the private sector agrees upon
the level of wages that will be kept constant in period t.19 Under this timing
scheme, the government has no way to back away from his announcement
and is therefore playing the role of a von Stackelberg leader, with the private
sector as the follower. Since the actions of the government are observed and
irreversible, announced actual and expected inflation are equal in equilib-
rium. The government’s utility in the precommitment solution is

UG(π = 0, πe = 0) = −b∆2 ≡ U2 (4.8)

which can be derived from the maximization of its objective functions in
4.6 (See Appendix A.1 for details). The subscript denotes that this is a
second-best outcome for the government, as will we see briefly.20

In the absence of a commitment technology the government is said to
possess unrestricted discretion in the choice of policy. Now, the government
plays the role of the follower, enacting policy after private sector decisions
have been made and, importantly, in a position to observe private sector
behavior. The inflation rate chosen in aftermath of private sector action
balances the benefits of increased economic activity in excess of the natural
rate of output (along the Phillips curve in eq. 4.1) with the costs associated
with higher inflation. The discretionary power of the government creates
an incentive for the government to create a positive rate of inflation: if the
private sector can in fact be convinced that the government will stick to its
announcement it will set expectations to πe = 0. But then the government
will be tempted to shift policy from π = 0 to π = πS by a monetary stimulus

19 The notation {“π = 0”; π = 0} adopted here means that the government’s first move
is the announcement of a policy, low inflation “π = 0” and the second move is its action,
which in this case abides by the announcement, π = 0. Note that for convenience the term
“low inflation” is to be taken synonymously with an inflation rate of zero.

20 Since b and ∆ are always positive by definition, it may seem odd that utility U2 is
negative. But this follows directly from the definition of government utility in eq. 4.6. It
can be verified that the range of function UGt is (−∞, 0] and it follows that the “best” the
government can do is zero utility.
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that increases output but invalidates the low expectation of inflation held by
the private sector. This first-best outcome can be calculated21 as

UG(π = πS, πe = 0) = −b∆2
(

a

a+ α2b

)
≡ U1 (4.9)

Essentially, one can say that the government’s incentive to deviate from
the announced policy is driven by the prospect of achieving this superior
outcome.

When the private sector has rational expectations though, it is not pos-
sible to trick it systematically into adjusting their expectations to create an
output response — this “iron-law” of rational expectations was established in
Section 2.4. The “surprise”, first-best outcome is therefore unsustainable in
a (subgame perfect) Nash equilibrium defined by the property that the strat-
egy of each player (taken as given by the other players) is actually optimal
for that player with the information Ω available. Therefore, the assumption
of rational expectations and perfect information rule out any equilibrium in
which expectations do not coincide with actual policy, i.e. πe 6= π cannot be
part of a rational expectations equilibrium. The only time-consistent (Nash-)
equilibrium requires that πe = E[π|Ω] = πD > 0, so that

UG(π = πD, πe = πD) = −b∆2

(
a+ α2b

a

)
(4.10)

= −b∆2

(
1 +

α2b

a

)
≡ U3

The result is a third-best outcome U3 involving excessive inflation but no
gains in output.22 The term α2b

a
is a measure of the disutility of unexpected

inflation, often referred to as the “inflationary bias” of monetary policy. A
policy surprise is therefore self-defeating: facing increased inflationary ex-
pectations, the only utility-maximizing way for the government to react is to
match private sector expectations since the higher πe is, the higher π must
be to minimize the negative effect on output.

Finally, to complete the list of outcomes consider the situation in which
the government can commit to a policy rule of low inflation, but the private

21 See Appendix A.2 for derivation of this result. The coefficients b, ∆, a and α are all
positive. Therefore, 0 < a

a+α2b < 1 and subsequently, U1 > U2 (recalling that utility is
always negative).

22 Output Y remains at the natural level Y N . This can be verified by inserting the values
π = πe = πD in eq. 4.1.
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sector does not hold the commitment to be credible so that it expects the
discretionary outcome of inflation,

{“π = 0”; π = 0} and πe = πD (4.11)

In this “punishment” outcome, the government’s utility is at its lowest be-
cause private sector expectations drive up the price level to π = πD and
the government cannot accommodate these expectations by stimulating real
activity through the inflation rate,

UG(π = 0, πe = πD) = −b∆2

(
a+ α2b

a

)2

≡ U4 (4.12)

Table 4.1 summarizes the results we have gathered thus far. The one-stage
game has four possible equilibria where the result depends on a) the insti-
tutional structure and b) the way in which expectations are formed by the
private sector. Under rational expectations, U2 and U3 were the two respec-
tive outcomes under discretion and precommitment that satisfy the Nash
conditions. To establish an outcome such as U1 requires an expectation for-
mation process that precludes the use of all available information at the time
the decision of the private sector is made (such as adaptive expectations).
Outcome U4 will be unlikely, unless we concede an entirely unpredictable
expectation formation process.

Tab. 4.1: Outcomes of the one-stage game

Moves
Utility G PS Sequence
U1 “π = 0”; π = πS πe = 0 G→ PS → G

U2(∗) “π = 0”; π = 0 πe = 0 G→ G→ PS

U3(∗) “π = 0”; π = πD πe = πD G→ PS → G

U4 “π = 0”; π = 0 πe = πD G→ G→ PS

where 0 > U1 > U2 > U3 > U4. The (*) labels the two rational
expectations equilibria that are the result of precommitment (U2)
and discretion (U3), respectively.

A numerical example of the one-stage game is given in Table 4.2. For
each ordered pair in the matrix the government’s payoffs are labeled first,
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Tab. 4.2: Payoff structure (∆ = 2)

PS

- Action - πe = 0 πe = π∗

U2 U4

“π = 0”,π = 0 -4,0 -16,-4

G U1 U3

“π = 0”,π = π∗ -2,-1 -8,0

where the government has two actions, the announcement “πt = 0” and the
level of inflation, π∗ = πD or πS depending on the type of regime.23 The
payoff to the government can be ranked according from first- to fourth best,
U1 to U4 (labeled in the left-hand corner of each box in the matrix). The
game structure in Table 4.2 is isomorphic to the discretionary game that
was presented in the previous section (Figure 4.1). Like strategy nr in that
game, π = π∗ is a dominant strategy for the government since its payoffs
are larger regardless of what the public does. Since this incentive structure
is common knowledge the public will react to this inflation bias by setting
expected inflation to πe = π∗ also.

The outcome of the game depends in a crucial way on the government’s
incentive to inflate to a level exceeding the natural rate of the economy. These
incentives are captured in ∆ = Y ∗ − Y N . By comparing the outcomes for
different values of ∆ of one can establish that government utility (in all four
cases) is increased as the distortion ∆ is reduced. Also, it can be shown that
as the weight given to inflation a increases, the outcome under discretion U3

23 The parameters are normalized by setting a = b = α = 1 and ∆ = 2. The gov-
ernment’s discretionary and the surprise rate of inflation are then computed from their
derivations in Appendix A.6 and A.8 as πD = 2 and πS = 1. The matrix in Table 4.2
should not be confused with the payoff matrix of game theoretic lore. First, as indicated in
the text, the strategy space of the government is actually continuous (in R+) rather than
discrete. Secondly, the two columns in Table 4.2, πe = 0 and πe = π∗ denote alternative
expectational settings (i.e. rational expectations or other). Therefore, the cells of the
matrix must be understood as outcomes of different game structures, depending on the
monetary regime and expectational setup.
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approaches the precommitment outcome U2, i.e.

lim
a→∞

U3 = U2 (4.13)

The more costly inflation is in terms of utility, the less likely the government
will yield inflation as an expansionary instrument. In effect, very high values
of a change the government’s ex post constraints. This, though, is in its
own interest, since the commitment solution is superior to the discretionary
outcome.24 Changing intertemporal contraints has a similar effect and will
be discussed below.

4.2.4 Trigger mechanisms and reputation

The basic insight of the one-shot model is that if a government is able to
exercise complete and costless discretion in its monetary regime, the econ-
omy will be thrown into an inferior Nash-equilibrium characterized by an
inflationary bias with output still at its natural rate. It is important to note
that monetary policy is time-inconsistent because discretion is costless to
the government. Since the interaction between the government and public
is reduced to a single confrontation, strategies are rendered “memory-less”,
i.e., the actor’s choice of strategy does not take future consequences of this
action into consideration (since there is no future!). The government’s deci-
sion to “surprise” the public under a discretionary regime does not pose a
constraint to its current actions. Therefore, we saw that one way to avoid
the inflation in this one-shot game result is to impose formal restrictions on
the government’s discretionary powers. Another is to ensure that the gov-
ernment places a sufficient weight on the downside effects of inflation (i.e. a
high value of a).

This section expands the analysis be viewing macroeconomic policy as an
ongoing process with repeated actions between the government and the pri-
vate sector. We intuitively expect that over time the powers of government
will be closely monitored by the private sector. Deviations from the gov-
ernment’s preannounced plans have consequences that extend to strategies
chosen in the following periods. Translated in game theoretic terms, rational
agents are engaged in a repeated game (otherwise known as a supergame)
with a finite time horizon. In this dynamic setting both the government and

24 See footnote 22.
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private sector maximize the discounted sum of their respective one-period
(expected) utilities, UG

t and UPS
t :

V G = E
[
T∑
t=0

(1 + r)−tUG
t (πt, πet )

]
(4.14)

V PS = E
[
T∑
t=0

(1 + r)−tUPS
t (πt, πet )

]
(4.15)

where r is the government’s discount rate and E(·) is the conditional expec-
tations operator.

Once we assume that the government is optimizing its utility over time
according to 4.14, a number of interesting questions arise. Are there, e.g.,
informal mechanisms in such a dynamic context that avoid the inefficient
Nash-equilibrium above? In a repeated version of the BG-game the gov-
ernment’s incentive to renege upon the announced policy “π = 0” may be
removed by the threat of being “punished” for such “bad” behavior in a
future period: unexpectedly high inflation in the current period with e.g.
π = πS, brings about higher inflation tomorrow, raising the cost of current
policy surprises. This intertemporal trade-off forces the government to weigh
the current gains from trying to achieve the first-best solution U1 with the
negative effects of subsequent higher expected inflation in the following pe-
riods. By forgoing short-term gains over time the government can, in short,
build up a reputation that will cause the private sector to keep inflation ex-
pectations low. The efficacy of reputation, however, depends on the discount
rate r in (4.14) for since the costs of reneging are incurred in the future they
matter less if the future is heavily discounted.

The important point here is the assumption that the time horizon of the
government is infinite, i.e. T = ∞. Then the intertemporal constraint im-
posed by the private sector’s appropriate trigger would then ensure that a
low inflation commitment equilibrium of π = 0 is maintained. Private agents
could, for example, revise their beliefs according to the following tit-for-tat
rule25: The private sector starts each period by setting wages on the expecta-
tion of low inflation. If actual inflation has been held down in the past, then
expected inflation is held down currently; otherwise, inflationary expectations

25 See Barro and Gordon (1983b), p. 31-33. Rogoff (1987) offers an exhaustive
discussion on a number of alternative “trigger”-mechanisms in the that can act as informal
restraints.
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increase if actual inflation has increased, contrary to the announcement. The
rationale behind this trigger strategy is to make any future deviation from
the announcement costly by having a negative effect on V G. The expecta-
tions mechanism of the private sector is rendered as a function of government
behavior, πet = het(πt) replacing the utility maximizing behavior of eq. (4.7),

het(πt) =
{ 0, if πt−s = 0 ∀s < t;
πD, if πt 6= 0.

(4.16)

Given this expectations mechanism embodied in [4.16], the government op-
timizes an intertemporal tradeoff between the current gains and future costs
of reneging. Consider a government that has in the past produced low in-
flation, i.e. whose aggregate policy history is π = 0, ∀ t ∈ [−∞, 0). At the
beginning of period 1 (current period) the government has two options, (a)
and (b). First, it can choose to generate a surprise inflation in the current
period t = 0 (after private sector decisions), boosting the economy above the
natural rate of output. Current period utility is the first best outcome U1 (see
[reffirst-best]). Unfortunately, option (a) sets the private sectors’ tit-for-tat
rule [4.16] in motion, the government being punished with the sub-optimal
discretionary solution U3(< U1) in all further periods. Having expectations
geared towards this outcome, the best thing the government can do is to
accommodate these expectations with high inflation πD. Alternatively, the
second option (b) of the government has is simply to continue playing low in-
flation in all further periods from t = 1 onwards, thus forgoing any short-run
stimulation of the economy. The options and respective consequences can
be summarized in Table 4.3, where the discounted stream of payoffs (present

Tab. 4.3: Intertemporal policy options

t = 0 t = 1 . . .∞ Present value
(a) π = πS, πe = 0 π = πD, πe = πD

U1 U3 V G,a

(b) π = 0, πe = 0 π = 0, πe = 0
U2 U2 V G,b

value) in the table (from [4.14]) are

V G,a = U1 +
∞∑
t=1

( 1
1 + r

)t
U3 or V G,b =

∞∑
t=1

( 1
1 + r

)t
U2 (4.17)
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depending on what intertemporal policy the government adopts.
To determine whether πt = 0 (under option (a)) is the equilibrium level

of inflation under the trigger-strategy in (4.16) it is necessary to consider
whether the government has any incentive to defect from πt = 0. This
question turns on the magnitude of the present value V G, but it is not entirely
straightforward to see which of these options delivers the highest present
value (since U1 > U2, but then U2 > U3). What can be said is that the
government will prefer the “opportunistic” option (a) to option (b) if V G,a >

V G,b. In Appendix A.3 we can show that from this inequality we can derive
the following condition:

r >
a+ α2b

a
= (1 +

α2b

a
) (4.18)

The government will accordingly behave “myopically” by raising inflation in
period t = 0 (option (a)) if the future is discounted heavily enough (large
values of r) or if the utility loss from unexpected inflation (measured as α2b/a

in [4.18]) is low. Otherwise, option (b) is chosen and the precommitment
equilibrium of the one-stage game is maintained as a Nash equilibrium of
this repeated game.26. Accordingly, the time-inconsistency dilemma of the
government raised in the preceding section may not present a serious issue
provided the government places significant weight on the future (low values
of r).

Without going into too much detail, it can be remarked that reliance on
trigger strategies to overcome the inflationary bias suffer from many con-
ceptual drawbacks. First of all, the trigger strategy [4.16] that was used
above is but one of an infinite number of possible rules and a unique equilib-
rium would depend on the punishment strategy assumed. Secondly, there is
the problem of how the private sector will coordinate upon one equilibrium
without a systematic criterion for discriminating between them. The trigger
strategy approach can be dismissed on these grounds, exactly because “there
is no institution that coordinates the strategies of different individuals on a
single unified strategy” and a free-rider problem prevails because “the pri-
vate costs of monitoring policymakers’ actions are higher than the marginal

26 This result is analogous to the so-called Folk-Theorem that the precommitment equi-
librium U2 can be sustained as a (subgame perfect) Nash equilibrium in this repeated
game provided that the discount rate is not “too high”. See Kreps(1990), p.505-6, and
Rasmusen (1994), p.124 for a more complete elaboration on the Folk-Theorem.
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private benefit.”27 Thirdly, The assumption of full information further limits
the applicability of trigger strategies since this necessitates an infinite hori-
zon. Otherwise, the analogous problem of the “chain-store-paradox” arises:
since the government cannot gain reputation in the last period it will pro-
duce the discretionary outcome, whatever the private sector’s expectations.
By method of backwards induction the discretionary solution then obtains
for all periods up to the first. The assumption of perfect information will be
dispensed with in the following section, where reputation effects are derived
from a certain distribution of information between government and private
sector.

4.3 Alternative concepts of credibility

The discussion of the preceding section serves the puropose of shedding light
upon the concept of credibility. It has relied exclusively upon the the time
consistency, resp. the concept of subgame perfection to describe situations in
which a lack of credibility has effects similar to macroeconomic distortions.
The source of this credibility deficit could be isolated to the discretionary
powers of government: if the government possesses the power to carry out
its policies in a disrectionary manner, then the ensuing discrepancy between
ex ante and ex post policies combined with rational expectations will be self-
defeating. This method of coming to terms with the concept of credibility has
been used quite extensively. But despite its almost canonical nature for the
problem of credibility it must be stressed that this type of analysis, however
elegant, cannot encompass the entire spectrum of macroeconomic reasoning.
Indeed, the problem of credibility is wedged in an area where economics,
political science and psychology intersect. This section would therefore not
be complete if we were not to briefly touch upon some alternative concepts.

4.3.1 Political constraints

One of the intriguing results of the time-consistency argument is that the sub-
optimal outcome under a discretionary regime does not depend on whether
the government is self-serving or benevolent — the government actually max-
imizes social welfare, but the private sector’s expectations prove self-defeating

27 See Cukierman (1992), p. 209-210.
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in the end. Political constraints to credibility arise when there exists a con-
flict of interest between the policymaker and society as a whole because of a
disagreement over the final goals of policy. Nevertheless, the previous models
are not to be denied a strong political flavor by accounting for the objectives
and constraints facing centralized policymakers. It is therefore only a natu-
ral step to model government behavior and the electoral behavior of rational
voters.

Indeed, considerable effort has been conducted into examining the role
played by political factors in determining credibility. A large part of this
research acknowledges the fact that economic policy is influenced by the po-
litical process in democratic societies. In a representative democracy, for
example, the aggregation of atomistic preferences into a collective govern-
ment action takes place via the electoral system. Elections have two main
effects. First, they impose new incentive constraints on the government: in-
stead of maximizing social welfare they are assumed to maximize some index
of popularity or prestige, specifically maximizing their chances of election by
maximizing the number of votes cast for them. The relevance of elections
for the issue of credibility stems basically from a difference between the pre-
and post-election decision problems that a government confronts. Depending
on the timing of elections, a government may have an incentive to deviate
from (social welfare maximizing) optimal behavior in order to secure electoral
gains.28

Secondly, elections may create changes in government and thus lead to
uncertainty about future policies and/or the motives of a newly installed
government. Newly elected governments have an advantage in that they
are not tarnished with the failures of the previous government and may be
therefore more likely to be able to enforce credibility. The advantage of

28 This is the famous ’political business cycle’ line of reasoning, originating in Nordhaus

(1975) which can be succinctly summarized as follows. Prior to an election, a government
expands the economy by exploiting the inflation-employment trade-off in the Philips-curve
relation (in the same way the benevolent government exploits this trade-off to ’surprise’ the
private sector in the Barro-Gordon-type model. This expansionary impulse increases
his popularity (and thus his probability of winning the election). This deviation from op-
timal policy is reversed following the election as the government responds to the inflation.
This story only works if we adhere to the objectionable assumption that a myopic elec-
torate fails to realize the inflationary consequences of a pre-election boom — this clearly
violates any rational expectations framework. See also Gabisch and Lorenz (1987), p.
66-73 for further discussion.
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this informational imperfection on theory has been to allow the political
cycle models to be reconciled with the rational expectations point of view.
Voters are modeled as being rational but imperfectly informed about some
aspects of the economic environment and/or about the characteristics of the
government.

4.3.2 Inconsistent policies

Typically, economic reforms are undertaken in times of dire economic crises.
This makes it highly probable that a conflict will arise between different sets
of policies pursued simultaneously. A pre-announced reform is most likely
then to violate ex ante budget constraints and accounting identities. Because
a rational private sector will eventually realize that the government’s reform
policy is incompatible with its other macroeconomic policies and that this
combination will lead to a crisis. Thus a fundamental aspect of establishing
credibility is related to the perception that the public has of the internal
consistency of the policies being pursued.

The inability to establish consistency between fiscal, exchange rate and
financial policies has been at the root of the credibility dilemma in Latin
America and other developing economies. An example of this problem is
related to the experience of the Southern Cone countries with trade reform
during the 70’s. These countries attempted to keep their exchange rate fixed
to the US dollar while at the same time expanding the fiscal deficit and adher-
ing to backward-looking wage indexation schemes. By maintaining a pegged
exchange rate while pursuing these expansionary policies the governments
were artificially maintaining a high value of their currency and distorting the
price of foreign goods relative to domestic goods, which would eventually to
an unsustainable balance of payments crisis. As the private sector perceived
that trade liberalization was incompatible with its other macroeconomic poli-
cies and thus lacking credibility, expectations of overevaluation, exchange
controls and future devaluations developed. The designs of the government
were aggravated by the optimising behavior of the private sector which opti-
mally diversified its portfolio internationally (e.g. by capital flight). As with
time-inconsistent policies, this type of policy inconsistency coupled with the
expectational moment of the private sector moved the economy in the oppo-
site direction from that intended by reform.29

29 See Schweickert, R. (1994).
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Thus far the rather restrictive has been maintained that the private sector is
completely informed about the government’s preferences and its capacity for
making credible commitments. Once we depart from this assumption and as-
sume instead that the government’s intentions cannot be precisely discerned
by the private sector (e.g. after a new government has taken office), the pro-
cess by which the private sector learns about the government’s “type” takes
on a pivotal role in the analysis. This section introduces a manifestation
of uncertainty into the analysis that will be labeled as intrinsic, defined in
terms of a situation in which private economic agents have only imperfect
information about some particular attribute of the government they are fac-
ing.1 When this kind of uncertainty prevails there is room for manipulation
of expectations and a policymaker can potentially lead private sector beliefs
astray and maneuver them into a position that can eventually be exploited.
Thus, the presence of intrinsic uncertainty not only underscores the role of in-
formation in the monetary game, but also fundamentally alters the behavior
of the government.

Central to the following is the concept of reputation. Under the approach
introduced in the previous section, reputation evolves under perfect informa-
tion when the private sector utilizes its inflationary expectations strategically
(via a trigger) as a device for disciplining the government into maintaining
low inflation. By executing policy consistently (i.e. absent any policy “sur-
prises”) over consecutive periods the government can build up a its repu-
tation, with the future benefits of “good” behavior and current benefit of
discretionary policy holding the scale. It was shown that this temporal link

1 The categorization chosen here follows Blackburn and Christensen (1989), p. 19.
The other type of uncertainty that can prevail in a macroeconomic environment is extrin-
sic to the domestic economy and describes the imperfect information about exogenous,
stochastic shocks that influence the clout of policy. Examples are demand shocks or terms-
of-trade shocks. Extrinsic uncertainty will be introduced in the exchange-rate model of
Section [6].
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from current observed policy to future expected policy can discipline the
government and uphold its credibility, as long as the government places sig-
nificant weight on the future. The link is effective only under the premises
that the time horizon is infinite and there exists an institution that is able to
coordinate the expectations amongst the private sector. In contrast, the term
reputation used in this chapter must be interpreted in a precise way, namely
as a time-dependent variable measuring the private sector’s probabilistic as-
sessment of a governmental trait (such as its payoff structure). Over a finite
string of periods this assessment is revised according to a learning process
involving Bayes’ rule which persuades the government to treat its reputation
much like an“asset” that can be built up, maintained or run down, depending
on its preferences.

Chapter 5 is organized as follows. Before turning to the issue of repu-
tation, Section 5.1 attempts to generalize the strategic interaction between
the government and the private sector undergoing reform. In this so-called
signaling game, one party has information that the other lacks. Differences
in information available to players make their strategies critically dependent
on their beliefs and expectations.2 The presence of asymmetric information
requires a somewhat different refinement of the equilibrium concept which
will be introduced in Section 5.2. Unfortunately, the standard refinement
of perfect Bayesian equilibrium is not enough to guarantee uniqueness and
these signaling games therefore result in a plethora of equilibria. With the
help of some equilibrium refinements based on out-of-equilibrium beliefs it is
possible to rule out outcomes that go against the grain of intuition.

In Section 5.3 we will also resort again to monetary policy as a generic
example of macroeconomic policy to examine how reputation evolves under
intrinsic uncertainty in the dynamic setting of a two-period game. Instead
of relying on the conscious attempt of the private sector to discipline the
government, the notion of reputation used here is based on a learning pro-
cess on the part of the private sector that involves observation of policy to
elicit the private information being held back strategically by the govern-
ment. To be exact, the uninformed private sector is confronted with the

2 The notion that an informed player may act strategically in a setting of intrinsic
uncertainty was first examined in the classic job market signaling model of Spence, A.

(1973), as well as Rothschild and Stiglitz’s (1976) model of an insurance market. See
also Kreps, D. (1990) for a rigorous treatment of both these models, both in traditional
(pp. 629-645) and game-theoretical terms (pp. 645-650).
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problem of extracting information about the identity of a policymaker from
past observations of monetary policy. This information that trickles in over
time is deemed relevant by a rational private sector for predicting inflation
for the subsequent period. The government, in turn, is also well aware of
this learning-process so when deciding whether to invest in any reputational
assets, the government again faces an intertemporal trade-off. In contrast to
the trigger strategy approach, “the learning approach that will be used in the
following parameterizes credibility in terms of the degree of cohesion between
the actions or announcements of policymakers and the beliefs of the govern-
ment.”3 This not only reduces the severity of the time-consistency problem
that we discussed previously, but this framework also avoids the conceptual
problems involved with an infinite time horizon and coordination.

5.1 Signaling and Government Behavior

The economic situation that will be be the focus of this section is that of
a government enacting (or thought to be enacting) some kind of macro-
economic reform. This macroeconomic setting is cast in game-theoretic terms
by presenting an example of a class of signaling games called sender-receiver
games. At the start of the game, the situation is characterized as one of
economic disequilibrium resulting from an external shock or domestic policy
weakness (such as a number of failed attempts at structural reform). A re-
form policy is announced that would, if enacted, alleviate the distortion but
would produce short-term costs on the economy.

In close analogy to the game-settings discussed in Section 4.1, the setup
will resort to a representative agent model which involves the private sector
(PS, the Receiver) and government (G, the Sender). The structure of the
game can be presented in extensive form fashion in Figure 5.1. In terms
of this figure, Nature has chosen to start the game at one of the two nodes
(drawn as open dots) labeled Tw for a weak government and Ts for the strong
type of government. The prior probability that Nature chooses the strong
government (the so-called common prior) is θ and, accordingly, Nature selects
a weak government with probability 1− θ.4 Intrinsic uncertainty enters the

3 See Cukierman (1992), p. 142.
4 Having the “type” of government being chosen as a lottery may seem an oversimpli-

fication. But as Harsanyi (1995) notes “it is our common experience as human beings
that the results of social forces seem to admit only of probabilistic predictions. This ap-
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Fig. 5.1: Government Signalling
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model by assuming that the government possesses private information about
its type, i.e., it is able to observe the move of Nature but the private sector,
on the other hand, is not aware of the type they are facing when the game
commences.

The two dispositions of government, weak Tw and strong Ts, reflect the
policymaker’s attitude towards reform. The government knows (i.e. has pri-
vate information about) his own disposition or type, and its respective utility
is aligned according to its inclination to reform and the investment response
of the private sector. Preferences are aligned in the sense that both types
of government would prefer a a minimum of reform effort, but we assume
that a weak government dislikes the costs of adjustment (that are essential
for the long-term success of reform) even more than a strong government
does.5 Since both types of government share a common interest in a positive

pears to be the case even in situations in which we are exceptionally well informed about
relevant social forces. Even in such situations, the best we can do is to make probabilistic
predictions about the results that these social forces may produce.” (p. 297)

5 One could rationalize these differing attitudes by positing that the weak government
discounts the future more heavily than a strong government does. It follows that to
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investment response of the private sector both derive a positive utility of 2
when the private sector chooses [i]. The fact that a strong government is
more inclined to carry out reform enters the structure of the game by cal-
ibrating the payoff such that the government gets additional utility of 1 if
his “preferred” policy is chosen: a strong government derives an incremental
payoff for the strategy reform [r]. The weak manifestation of government, on
the other hand, receives an additional payoff if the reform is not carried out
[nr]. It follows that for both types of government the policy outcomes can
be ranked from first- to fourth best, U1 to U4 in Table 5.1. It is interesting
to note that the first or second-best outcome can only be achieved if the
investment response [i] is forthcoming, regardless of the type of government
the private sector is facing.

Tab. 5.1: Payoff structure of the government

Government disposition

Ts Tw

r (*) nr r nr (*)

i U1 U2 U2 U1

ni U3 U4 U4 U3

where 1 > U1 > U2 > U3 > U4 > 0 and (*) de-
notes the policymaker’s preferred choice of policy
given his type Ti.

We now turn to the decision-making process of the private sector. There
are two options that the private sector may choose from: either domestic
investment [i] or the “waiting option” [ni] by which we mean the deferment of
any irreversible investment until the uncertainty regarding the sustainability
of reform subsides. When private sector makes its move (corresponding to
the closed dots in Figure 5.1), it does so by observing the government’s choice
was (and the respective payoffs), but not knowing with complete certainty

compensate a weak government for the short-term costs of adjustment would require a
greater positive investment response from the private sector than for a strong government.
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whether the government is committed to reform. This is illustrated by the
dotted lines in Figure 5.1, signifying that the investor does not know which
node she is on when she makes her decision so her information set is Ω =
{Ts, Tw} when she makes the decision. The second player’s utility, UPS,
has been calibrated such that it prefers the option of domestic investment
to waiting option when the government is regarded as “strong” (type Ts),
i.e. when the sustainability of reform is ensured. Therefore we calibrate the
private sector’s utility such that

UPS(i | Ts) = 1 > 0 = UPS(ni | Ts). (5.1)

On the other hand, the private sector must anticipate that the government
could be of the weak sort. In this case it would be better to remain in a
waiting position and observe if the reforms are sustainable or not (one could
also rationalize this response by assuming that the private sector does not
like the choice of irreversible investment under a government not committed
to structural adjustment). Therefore, to reflect these facts it suffices that the
utility of the private sector be chosen such that

UPS(ni | Tw) = 1 > 0 = UPS(i | Tw). (5.2)

The sequence of moves in the game is the essentially same as in the
commitment regime of our model in Section 4.1.2, with the government taking
the role of a von Stackelberg leader. The timing of the game can thus be
summarized as follows:

1. Nature determines the government’s type Ti (i = s, w) with prior prob-
ability prob(T = Ts) = θ (solid dot in the middle of Figure 5.1).

2. The government learns about its type and chooses the action that ini-
tiates a reform policy or not (decision at open dots, [ r ] or [ nr ]).

3. Private investors observe the government’s choice (his “signal”), and
based on this may either choose the “waiting option” [ ni ] or irreversible
investment [ i ] (solid dots).

Before investigating the situation game-theoretically it is perhaps useful to
follow our intuition. It might seem that the investor should observe the gov-
ernment’s signal (reform or waiting-option) and from this signal elicit the
government’s true disposition to reform. It is common knowledge that the
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payoffs an s-type government derives a positive payoff for choosing reform
while a w-type government prefers the option of avoiding reform. Complicat-
ing this matter, though, is the fact that preferences are aligned when it comes
to investment: regardless of the government’s type, it is more important (in
terms of payoff) that the “supply-response” is achieved, i.e., to induce do-
mestic investment. Given this incentive structure, a strong government may
encounter difficulties to convincingly separate itself from the intentions of a
weak government due to the overriding incentive of both types to obtain a
first- or second-best solution (refer to Table 5.1). Accordingly a weak govern-
ment can profit from the prevailing intrinsic uncertainty by playing a “wolf
in sheep’s clothing” by signaling its commitment to carry out reform, even
though this is not his first-best choice.

If the subjective probability (belief) that the government is strong is suf-
ficiently high at the beginning of the game, one can suspect that the investor
should choose the waiting option before investing (ni) if the government does
not signal its commitment to reform (strategy r). Consequently, both types
of government, Ts and Tw, will choose the path of reform. Whereas this is
the “natural” choice of the s-type government, the weak government mas-
querades its commitment in order to elicit a supply-response which he also
profits from.

5.2 Perfect Bayesian equilibrium

An important property of the economic environment of intrinsic uncertainty
is that the rational yet unknowing private sector is unable to ascertain at
which node it is after the government has chosen its strategy. Their infor-
mation Ω = {Tw, Ts} set can apparently not be classified as a singleton,
because the private sector does not observe Nature’s move. It is impossible
to apply the formal criterion of subgame perfection to this case because, in
game-theoretic speak, it is not possible to identify a proper subgame. This
requires the private sector to make a probability assessment of the type of
government they are facing from the observation of the action of the (in-
formed) government. Since the strategies chosen by the private sector are in
effect a function of their beliefs, an equilibrium can no longer be defined on
solely on strategies alone, but must also include the specification of beliefs
such that the strategies are best responses.

But this is not the end of the story. As long as the players play their equi-
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librium strategies, then any equilibrium concept specifying the strategies and
how the private sector rationally revises the beliefs held in equilibrium would
suffice. Such an equilibrium concept would, however be incomplete since it
leaves room for arbirtrary beliefs off the equilibrium path. Although these
off–equilibrium events have a zero probability of occurring in equilibrium,
they must be specified for they have the potential to set in motion the other
player’s out–of–equilibrium strategies and beliefs which may in turn have an
effect on the equilibrium strategies. Thus any solution concept for (dynamic)
games under intrinsic uncertainty also requires “that actions taken off the
path of play must be rationalized by some beliefs about what has happened
up to the point where the actions must be taken.”6

These general considerations lead us to the following definition7,

Definition 5.1: A perfect Bayesian equilibrium in a macroeconomic game
is a strategy profile s and a set of beliefs µ held by the private sector such
that in every period of the game:

1. The strategies for the remainder of the game are optimal for the pri-
vate sector given the belief system µ and given the strategies of the
government.

2. The strategies for the remainder of the game are optimal for the gov-
ernment, given its type and given the strategies of the private sector.

3. Given the equilibrium strategies of the government, the beliefs of the
private sector at each information set are rational given the evidence,
meaning that the posterior beliefs of the private sector are derived
from the observation of the government’s strategy. The beliefs are
updated according to Baye’s rule under the hypothesis that they are in
equilibrium.

Equipped with this equilibrium refinement it is now possible to tackle the
imminent problem of predicting the outcome of the macroeconomic situation
between the informed government and uninformed private sector that was de-
scribed above. Essentially, this involves selecting a plausible strategy profile
and then testing whether the strategies are best responses to each other (in
accordance with (1) and (2) of Definition 5.1). Then, depending on the set

6 See Kreps, D. (1990), p. 432.
7 Aadapted from the general definition provided by Rasmusen (1994), p. 146.
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of beliefs and the probability that Nature will choose a specific government,
the economy can be characterized by two types of equilibrium. In a sepa-
rating both types of government choose their first-best strategy, [r] for the
strong government and [nr] for the weak government. A pooling equilibrium
is characterized with both governments selecting identical actions.

5.2.1 Pooling equilibrium

In a pooling equilibrium both types of government, strong and weak alike, se-
lect identical strategies. Following the definition given above, finding a Nash
equilibrium involves exogenously specifying a common prior θ and beliefs
that are not on the equilibrium path. Then, together with the beliefs held
in equilibrium, a plausible strategy profile is tested as to whether the strate-
gies are best responses to each other. Consider first an equilibrium strategy
profile in which both types of government select the same strategy [r]. As-
sume furthermore that Nature selects a strong government with probability
of θ = 0.9 and this being common knowledge to both players. After observ-
ing the government’s signal [r], the private sector’s probability assessment as
to the type of government it is facing at his information set Ω = {Ts, Tw}
(corresponding to the open nodes in Figure 5.1) should be consistent with
Bayes’ rule.

We now ask what equilibrium beliefs are reasonable for the private sector
to hold after observing the signal [r] in the forefront of its investment decision.
The private sector knows (and the government knows that its knows) that
for a strong government the no-reform strategy [nr] is strictly dominated by
[r], so the private sector can entirely dismiss as implausible beliefs associated
with a strong government choosing to opt out of a reform. Therefore, it is
rational for the private sector to attach to signal [r] the belief µ(r|Ts) = 1. For
a weak government, no dominant strategy is available, rendering the signal
[r] ambiguous: there is the possibility that a weak government may mimic a
strong government. This means that µ(r |Tw) > 0. Given the dissembling
nature of the weak government, the signal [r] does not provide any further
information on which to revise prior belief θ.

The private sector’s beliefs µ(Ts|r) and µ(Tw|r) at information set Ω =
{Ts, Tw} (closed nodes) as to the type of government he is facing after receiv-
ing the signal is determined by Bayes’ rule and the government’s strategy
[r]. The posterior probability µ(Ts|r) is computed the following way. The
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probability that signal [r] will be sent by any of the two governments is

prob(r) = prob(Ts)prob(r|Ts) + prob(Tw)prob(r|Tw) (5.3)

= θ + (1− θ)prob(r|Tw)

Then, using Bayes’ rule in light of the government’s signal of [r] means that
the former likelihood (θ) that the private sector is facing a strong government
is updated in the following fashion,

µ(Ts|r) =
θ · prob(r|Ts)

prob(r)
(5.4)

=
θ

θ + (1− θ) · prob(r|Tw)

The concept of a Perfect Bayesian equilibrium leaves us with a degree of
freedom how the private sector interprets signal [r], as long as these beliefs
do not violate [5.4] . If the government’s type is independent of its decision
to proceed with reform, then the government’s action of r provides no further
information to the investor on which to revise his information and his beliefs
are equal to the prior distribution such that

p ≡ µ(Ts|r) = 0.9 and 1− p ≡ µ(Tw|r) = 0.1 (5.5)

In game-theoretic literature this is referred to as a passive conjecture.8 The
investors best response given these posterior beliefs following [r] is to play [i],
since the expected payoff for playing [i] exceeds that of playing [ni],

p · UPS(i | Ts) + (1− p) · UPS(i | Ts) > p · UPS(ni | Ts) + (1− p) · UPS(ni | Ts)
⇒ 0.9 · 1 + 0.1 · 0 > 0.9 · 0 + 0.1 · 1

Given this response from the private sector the s-type government can achieve
its first-best outcome U1 whereas the w-type must take a second-best outcome
U2, since he does not act true to his beliefs by reforming.

This perfect Bayesian equilibrium must be additionally sustained by the
out–of–equilibrium beliefs of the uninformed player,

q ≡ µ(Ts|nr) and 1− q ≡ µ(Tw|nr) (5.6)
8 Looking at [5.4] it is easy to see that assuming passive conjectures is tantamount to

setting prob(r|Tw) = prob(r|Ts) = 1. If the weak government never sends the signal [r],
then prob(Ts|r) = 1.
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To determine whether both government types are willing to send the same
signal [r], we need to specify how the investor would react if the government
unexpectedly chose not to reform (signal nr). Notice that a weak govern-
ment’s posterior beliefs in [5.6] are not computable using Bayes’s rule (as
was possible for the (r,r) equilibrium), since there is zero prior probability
that the private sector will observe the event [nr] that he is meant to condition
his decision upon.

First, both players know that for a committed government Ts, strategy
[nr] is strictly dominated by strategy [r] so that any belief µ(Ts|nr) would be
consistent with the equilibrium. For the weak government, however, if the
investor’s response to [nr] is [i], then type Tw can achieve a first-best outcome
which is superior to the outcome it can achieve by choosing [r]. For (r, r)
to be an equilibrium the out-of-equilibrium belief 1 − q ≡ µ(Tw|nr) must
possess a value that ensures that the private sector’s best response is [ni ]
after observing signal [nr]. This is the case when the expected payoff for the
private sector for not investing, [ni] exceeds that for strategy [i],

q · UPS(ni | Ts) + (1− q) · UPS(ni | Tw) > q · UPS(i | Ts) + (1− q) · UPS(i | Tw)

⇒ q · 0 + (1− q) · 1 > q · 1 + (1− q) · 0
⇒ q < 0.5

Establishing the equilibrium accordingly involves restricting the weak gov-
ernment’s set of out-of-equilibrium beliefs in a way does not contradict the
proposed equilibrium. It follows that in our case the posterior probability
that a weak government will not reform, 1 − q ≡ µ(Tw|nr) must be greater
than 0.5 for equilibrium (r,r) to be sustained. We can rationalize such a reac-
tion by the private sector to [nr] as follows: the investor interprets signal [nr]
(which is never realized in equilibrium), as a sign that the government is not
committed to reform. The investor revises his probability assessment that
the government is weak to 1 − q > 0.5, which exceeds the prior probability
that Nature has chosen a weak government of 1− θ = 0.1. The outcome of
this pooling equilibrium, together with the respective beliefs that underpin
the equilibrium is summarized in Table 5.2.

There are an infinite number of equilibria in which the weak government
is able masquerade as a strong government by choosing its preferred choice of
policy. The outcome is sustained by a belief system that puts a sufficiently
high probability (1 − q > 0.5) that a weak government would choose not
to reform. The incentive to masquerade depends on the set of beliefs held
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Tab. 5.2: Pooling equilibrium I

θ = 0.9
Government: r if weak r if strong

Private sector: i i
Beliefs: p = 0.9; any q < 0.5

by private agents. The equilibrium is sustained when the private sector
believes that only a weak government would not choose reform. Given these
beliefs it is in the interest of a weak government to choose reform, deny
itself its preferred action in order to elicit the the reaction [i] in equilibrium.
The strong government finds itself in a dilemma situation since it cannot
successfully separate itself from the weak government, its reputation has
been “tarnished” by the presence of intrinsic uncertainty. For q > 0.5, the
weak government prefers not to masquerade as a strong government and the
proposed equilibrium breaks down.

5.2.1.1 The Intuitive Criterion

We will now examine an equilibrium characterized by the outcome of both
governments choosing [nr], associated with common prior of θ = 0.9 and an
out-of-equilibrium signal of [r] (see Table 5.3). Since both governments again

Tab. 5.3: Pooling equilibrium II (a)

θ = 0.9
Government: nr if weak nr if strong

Private sector: i i
Beliefs: any p < 0.5 q = 0.9

“pool” their actions, the private sector learns nothing on which to revise their
beliefs and their posterior assessment q ≡ µ(Ts | r) is equivalent to the prior
θ. Their best response then is to choose [nr]. To underpin a Nash equilibrium
it is necessary to “adjust” the posterior beliefs held off the path of play so
that 1 − p ≡ µ(Tsw | r) > 0.5. Such beliefs would induce the private sector
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to select [ni], thus deterring the strong government from choosing [r] instead
of [nr], the equilibrium action, thereby sustaining the equilibrium.

The outcome in equilibrium is counterintuitive. On closer inspection
we can eliminate this outcome by arguing that the private sector’s out-of-
equilibrium beliefs are not rational: if (nr,nr) is the equilibrium, then a weak
government will net first-best U3 in the equilibrium; choosing [r] would only
net the player second-best U2. The weak government would therefore never
willingly defect to an action of [r], because the best he can do with this out-
of-equilibrium action provides him with lower utility than what is possible
in the equilibrium. By contrast it is in the interest of the strong government
to separate itself from the intentions of a weak government by signaling its
commitment (i.e. by sending [r]), since he only gets U2 in the equilibrium
outcome but could conceivably get U1.

We can rule out this unappealing equilibrium by applying an equilibrium
refinement called the Intuitive Criterion9 which restricts beliefs such that a
pooling result of (nr, nr) cannot be rationalized as a Nash equilibrium. This
refinement makes it entirely rational for the private investor to restrict himself
to a belief in which the weak government never chooses reform, by simply
removing the possibility from the game that a weak government ever could
choose [r]. That means setting 1−p = 0. It follows that the posterior belief is
p = 1 (the government is strong with probability of one if it sends the signal
r) and the strong government, realizing this, applies forward induction in the
knowledge that he can go ahead with reform without fearing that investment
will not follow. But these incentives, of course unravels the presupposed
equilibrium (nr, nr).10

9 This verbal presentation of the Intuitive Criterion does not do justice to the niceties
of formal reasoning that supports it. See Cho and Kreps (1987), p. 202 for a more
elaborate treatment. We will return to this concept and examine its implications in more
detail in Section 7.3.2.

10 Applying the same sequence of reasoning to the previous equilibrium in Table 5.3
does not break the equilibrium, au contraire. Signaling [r], the strong government has
no rational reason to defect from this equilibrium choice, whereas a weak government
could conceivably gain by defecting to [nr]. Subsequently, we should entirely eliminate the
possibility that s strong government will send [nr] under the given payoffs. Hence, we set
q = 0 and 1− q = 1, i.e. the private sector faces a weak government with certainty upon
receiving [nr]. The best response to this out-of-equilibrium signal is [ni], but this response
instead supports the equilibrium rather than destroying it.
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5.2.2 Separating equilibrium

We will turn now to separating equilibria. One separating equilibrium exists
in which the government reforms only if it is strong and does not reform if it
is weak. It derives its equilibrium status by having Nature choose the weak
type with a high probability. The low probability of a strong government
exerts a negative influence on investment behavior since investors do not
want to be caught with the “wrong” government and their optimal choice is
therefore ni. These results are summarized in Table 5.4

Tab. 5.4: Separating equilibrium I

θ = 0.1
Government: nr if weak r if strong

Private sector: ni ni
Beliefs: p = 0.1 q = 0.9

It is possible to rationalize other equilibria in which both governments
separate out in equilibrium by altering the structure of the game. One im-
portant ground rule for modelling is that the description of the game should
include all relevant opportunities for the players. Therefore, if there is a pos-
sibility that the players can communicate with each other then this should
be reflected in the extensive form and in the list of possible strategies. The
standard theory of signaling suggests that communication taking the form of
non-binding messages should be uninformative, when such talk is not accom-
panied by any immediate policy action. However, casual observation suggests
that governments can sometimes move bond and exchange rates with mere
words.

5.2.2.1 Cheap Talk

Recent literature shows that cheap talk “can sometimes convey information
and affect real (payoff-relevant) actions”, even when announcements can be
made at no cost.11 It seems therefore natural to assume that in the macro-
economic signalling game outlined above, a strong government would have
an incentive to emphasize verbally its commitment to reform.

11 See Farrell (1995) p. 186.
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To see this consider again the Pooling equilibrium II (a) above, which was
labelled as “unreasonable”. This outcome fails because if the government
is weak then he will deviate from the prescribed path of play and choose
[r]. A strong government, on the other hand, could get U1 instead of U2

for deviating, if the private sector recognizes the out-of-equilibrium signal
[r] as a signal that he is, indeed, strong. In other words, the equilibrium
in (nr,nr) falls apart if there was a way for a strong government to make
the uninformed player revise his beliefs to µ(Tw|r) = 0 (or equivalently, to
µ(Ts|r) = 1). If we were in this equilibrium and if we imagined that the
government could accompany his signal of cooperation with a little speech
(such as an announcement by government officials prior to carrying out the
reform), one could imagine the government saying something like:

“You, the public, expected me not to carry out reforms. But now you
can see for yourself that by embracing a reform course I am indeed a
strong government committed to reform. The only conceivable ben-
efit to me for reforming comes if I am a strong government. So you
see that this declaration I make (and subsequent deviation from your
expectations) is only conceivably in my interests if I am strong. That
should convince you that I am and justify my deviation.”

This announcement, together with the supposed actions taken in equilibrium,
should be interpreted as a conscious attempt on the part of the government
to signal that he is strong when he deviates and chooses [r]. Note well that
this speech works only when, compared with supposed equilibrium payoffs,
a strong government would benefit from deviating and choosing signal r. A
weak government would also choose this signal if he thinks that the no reform
option will scare investors into a waiting position [ni]. Signal [r] can be ruled
out for the weak government only by fixing the equilibrium and assuming
that the players believe that they can indeed obtain what the equilibrium
promises. Thus the government’s words, in addition to its actions, can be a
valuable source of information regarding future policies. If mere speech has
the power to influence expectations in such a manner then it is conceivable
that an equilibrium in Table 5.5 could be sustained.

When it comes to the credibility of the speech above, some caveats apply.
If the speech is believed, and if the investor works out that the speech should
be believed, then the absence of the speech should cause him to deduce that
the government is not committed to reform. But we cannot conclude that
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Tab. 5.5: Separating equilibrium II – ”Cheap-Talk”

θ = 0.9
Government: nr if weak r if strong

Private sector: ni ni
Beliefs: p = 1 q = 0

a weak government would not make the speech: failure to do so would not
convince investors of the government’s commitment, consigning the govern-
ment to a third-best outcome compared with second-best he would get by
making the speech. Thus the credibility of this speech turns on the fact that
a weak government would never make it.

5.2.2.2 Correlated strategies

The refinement described above shows how the opportunity of players to tell
each other how to interpret certain actions can affect the outcome of play.
But even if we discount the possibility of such explicit communication be-
tween government and investor, we can imagine that the private sector may
observe exogenous signals on which it can condition its reaction. Very often
decisions related to major reform steps are initiated by foreign creditors or
organizations (World Bank or IMF). A third party could act as a mediator,
offering loans to supplement reform on concessional terms. Since the relevant
institution is probably more informed (after negotiations and mandatory pol-
icy appraisals) than the public as to the government’s type, we can imagine
that it possesses private information that the public does not have. If it were
able to revise the probability that the government is strong to q < 0.5 and
send a signal to the public, then the strong government could successfully
separate itself from a weak government. The players strategies are said to
be correlated with the mediator’s signal.12 We have thus the paradox re-
sult that if the foreign creditor is all to optimistic about the government’s
commitment to reform (by assessing the probability of q > 0.5 that the gov-
ernment is strong), it may in fact disable the ability of a willing reformer to

12 This idea is due to Aumann (1974), which applies more generally to cases in which
the players observe the outcome of a random event, such as a coin flip, before choosing
their strategies. For more details see Holler and Illing (1993), pp. 90-93.
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signal its true commitment.
Of course the presence of supranational mediators could also backfire if

these organizations also offer ”carrot–and–stick” policies to coerce govern-
ments into accepting reform. With many economic reform projects tied to
such conditionality, a weak government may well choose to mimic the strong
government over an extended period of time, because this allows it to have
prolonged access to the financial aid resources. Ironically, by perturbing the
private sector’s ability to accrue information as to the type of government
it is facing, “conditionality makes the well-meaning strong government’s job
harder by causing it to be confused with its less committed weak counter-
parts”, making us reject the separating equilibrium.13

5.2.3 Some remarks on the equilibrium concept

The equilibrium notion that was presented in this section has some major
implications for the remaining sections. First, it involves the assumption of
learning behavior with investors revising their beliefs in the presence of new
information. This notion is captured by Bayes’ Theorem, which allows the
investor to update his prior beliefs (given by θ) after observing the govern-
ment’s choice of signal. The investor thus consciously updates his assessment
of the sustainability of reform and chooses her best response given these pos-
terior beliefs. In a multi-period setting of monetary policy this Bayesian
updating of beliefs gives a meaningful notion of learning and will be exam-
ined in detail in the following Section 5.3.1.

Second, we saw that the formation of posterior beliefs alone does not
suffice to establish an equilibrium. What constitutes a best choice in an
equilibrium is affected by what one supposes will be another’s actions out-of-
equilibrium, i.e. the hypothetical question of how the private sector receives
a signal which should not have been sent by any type according to the pre-
scribed equilibrium play. Since beliefs that are off–the–path of play (in our
case for signal nr) are not computable using Bayes’ rule (zero probability that
PS will observe the event) we are left with a degree of freedom in choosing

13 See Rodrik, D. (1992), p. 91. In the context of trade policy reform, the same author
examines a game between a liberalizing government and a less commited redistributive
type government (Rodrik, D. (1989)). He finds that the existence of foreign aid ”makes
a pooling equilibrium more likely, and increases the probability that a genuinely reform-
minded government will be confused with one whose motives are different.” (p. 767)
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beliefs that rationalize the private sector’s choice of ni (with sufficiently high
probability). Beliefs that are not bound by any prior beliefs thus affect the
shape of the equilibrium itself, i.e. they are endogenously generated by the
equilibrium concept. What this essentially means is that a government, in
choosing a signal, cannot think through equilibrium if he had no idea about
the investor’s beliefs (and hence actions) if he deviated.

Third, there are a multitude of conceivable beliefs: almost any behav-
ior can be rationalized by simply imposing suitable out-of-equilibrium be-
liefs. This makes the tasks of the modeller more difficult. Much of the
effort in recent game-theoretic literature that has been expended in trying to
“fine-tune” equilibrium concepts to eliminate counterintuitive outcomes (like
(nr,nr) above). As above, this involves restricting “suitably” what players
might be expected to do in response to deviations from a given equilibrium.

Fourth, the generalized setting of the game outlined in this section yields
some insights into reputational mechanisms that will be the bread and but-
ter of sections to come. In terms of the signaling example above, the gov-
ernment’s reputation at a certain point in time can be summarized by the
investors’ current beliefs about his type at his decision nodes [p], [1 − p], [q]
and [1 − q]. A government can “accumulate” or “build up” his reputation
by consistently implementing the reforms it announces. With this incoming
information, investors are able to revise their beliefs for every repetition of
the game. If a government follows through on reform in T − 1, then their
Bayesian learning makes investors revise their beliefs in T accordingly. The
main concern here is when and whether a weak government can take ad-
vantage of a small prior probability q (a priori belief that the government
is strong) to effectively commit himself to playing as if he were an s-type
government. Since reputations can be viewed as assets, even a weak govern-
ment with a strong aversion towards reform may be willing to incur short-run
adjustment costs to build up his reputation. In another sense, a government
that is at the end of its term (short horizon) will be less willing to make
investments in reputation, so we should expect that such investments will be
more likely for governments just voted into office.
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5.3 Monetary stabilization policy under intrinsic
uncertainty

This section formalizes the notion of reputation in a monetary policy game.
The necessary element that drives this model is the presence of private in-
formation on the part of the government. The discussion of the preceding
section established that it is possible to model a situation by postulating that
the private agents do not know the characteristics of the government they are
facing. The monetary policy game to be considered here will take this idea
to a higher degree of sophistication in a multi-period setting. This model has
been accredited to the status of a “benchmark” model of stabilization pol-
icy. Although it takes its cue from the one-shot model examined in Section
4.2, there are some stark differences. Instead of a “memory-less” confronta-
tion between a private sector and a government, the monetary authority
(which will simply be referred to as government) and private sector interact
over a finite time horizon. This allows us to analyze the effects of changes
in the policy regime, the consequences of such regime shifts on private be-
havior, and the feedback of private expectations on government incentives.
The analysis will build upon the model presented in Backus and Driffil

(1985a, 1985b), Barro (1986), and Horn and Persson (1988). The game
theoretic notion of reputation used in the following was first introduced for-
mally by Kreps and Wilson (1982) to analyze the market situation of an
incumbent monopolist facing a potential rival.

The analysis builds upon the intrinsic uncertainty we examined above.
When the government announces its intention to fight inflation regardless of
output cost, the public is uncertain whether this is in fact the case, or whether
it is simply an attempt to manipulate expectations. Incomplete information
thus manifests itself in uncertainty about the inflation-employment trade-
off.14 We assume that the government has private information about the
weight given to its output goal, b. It is convenient for the dynamic analysis
to simplify the the government’s preference function in [4.5], making it linear
rather than quadratic in its output goal. 15 Therefore the government’s

14 One could also have uncertainty enter the model by assuming imperfect information
about the government’s attitudes and its bargaining position vis-a-vis interest groups, its
fiscal constraints, etc.

15 The benefit of this reformulation will be seen to be that the inflation rate under
discretion is independent of the expected inflation rate, which substantially simplifies the
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utility in period t can be written as

UG
i,t = −a

2
π2
t + bi[α(πt − πet )−∆] (5.7)

where the public’s scepticism is formally expressed by assuming two types
of government, i = s, w, which differ according to their relative inflationary
preferences. The first type is a “strong” government Ts puts a relative low
weight bs on economic stimulation via surprise inflation (brought forth by a
monetary expansion). The second manifestation of government (Tw) is weak
and its preferences relative to the strong government is reflected in the fact
that bw > bs, i.e. it has a greater concern for output relative to inflation.
Given this form of the utility function we can compute the discretionary
level of inflation by repeating the procedure as in Appendix A.2.16 To focus
on the details of the expectations formation process, we will assume that
bs=0, i.e. there is no trade-off for the s-government between higher inflation
for economic stimulation. Then government type i’s level of discretionary
inflation is

πDs =
αbs
a

= 0 (5.9)

πDw =
αbw
a

(5.10)

where it is easy to see that πDs < πDw as long as bw > 0.

5.3.1 Bayesian learning process of the private sector

The public is unsure which type and therefore payoff structure they are fac-
ing. They will therefore view the government’s motives with scepticism, and
attach a positive probability that the government will renege on its policy
announcement. In the language of Bayesian theory, people assign a positive
prior θt to the event that the government is strong (Ts) given their infor-
mation set Ωt−1. As time passes (i.e. through repeated realizations of the
game), people combine actual realizations of the policy with their prior in

calculations.
16 Taking the derivative of UG with respect to πt, first-order conditions are

∂UGt
∂π

∣∣∣∣
πe=const.

= −aπ − bα != 0 (5.8)

. Isolating πt for alternative values of b result in 5.9 and 5.10.
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order to form a posterior distribution on the policy parameters, which is used
to make forecasts of future policy. Therefore, their beliefs are malleable and
time dependent on previous realizations of policy. Taken together these be-
liefs characterize the learning process of the public over a finite time interval
τ . At the beginning of period t, the private prior probability to the event
that the government is strong is

θt = prob(Ts|πt−j = 0,∀j = 1, ..., t) (5.11)

The private sector assigns a probability

1− θt = prob(Tw|πt−j = 0,∀j = 1, ..., t) (5.12)

to the complementary event that the government is weak. Before the game
starts, Nature chooses a strong government with a probability of θ0. This
prior is common knowledge, but only the government is aware of its type.
Notice that this is a conditional probability: after the government reveals
its actions to the public, it revises θ in light of observed behavior. The a
posteriori probability θt+1 may be classified as an improvement in the public’s
assessment of the type it is facing through the government’s choice of strategy
in t.

As the game is played in consecutive periods, the government’s reputation
evolves. If the private sector observes the policy πt = 0 or πt = πDw , then
Bayes’ rule suggests how the public rationally update their beliefs at the
beginning of t+ 1 with information Ωt = {πt−j},∀j = 1, ..., t:

θt+1 = prob(Ts|πt = 0) (5.13)

=
prob(Ts and πt = 0)

prob(πt = 0)

=
prob(Ts) · prob(πt = 0|Ts)

prob(πt = 0|Ts) · prob(Ts) + prob(πt = 0|Tw) · prob(Tw)

Let ρt ≡ prob(πt = 0|Tw) be the period-t probability assigned by the private
sector that Tw masquerades a non-inflationary government by choosing πt =
0. A strong government always chooses zero inflation with certainty (from
[5.9] we know that πDs = 0), so that prob(πt = 0|Ts) = 1. With θt ≡ prob(Ts),
the posterior probability in t+ 1 therefore simplifies to

θt+1 =
θt

θt + (1− θt)ρt
(5.14)
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Since a weak government has an incentive to inflate (given ∆ > 0), ρt is
greater than zero, reflecting the temptation of surprise inflation πDw . If the
public observes πt = 0 then this signal of past performance will increase the
probability assessment that it is dealing with a strong government. Thus,
θt+1 > θt always holds true even if there is only a slight probability that a
weak government will select a restrictive course of πt = 0. If the weak govern-
ment never chooses zero inflation (ρt = 0) then the private sector is informed
with certainty that it is facing a strong government. The government then
enters period t+ 1 with a maximum of reputation endowed (θt = 1).17

If, on the other hand, the private sector observes the discretionary solu-
tion, πt = πDw , then the government exposes itself as weak and it loses its
ability to influence expectations in future periods. Since an s−type govern-
ment would never choose an inflation rate other than πt = 0, we know that
prob(πt = πD|Ts) = 0 and it follows from [5.13] that

θt+1 =
θt · 0

0 · θt + (1− ρt) · (1− θt)
= 0 (5.15)

For an inflation rate πt 6= 0 or πt 6= πD is observed by private agents we
assume that reputation is destroyed, i.e. θt+1 = 0.18 This description of the
dynamic learning process provides us with a definition of reputation to be
used in the following chapters,

Definition 5.2: Reputation is a time-dependent state variable, θt ∀t ∈ [1, ..., τ ]
that measures the private sector’s probabilistic assessment of a certain trait
in the government’s character. θt evolves over time and finite time horizon τ
according to

θt+1(θt) =


0, if πt 6= 0;

θt
θt + (1− θt)ρt

if πt = 0. (5.16)

As shall be made clearer below, θt+1 as a function of θt is a sufficient statistic
for the history of play up to date t. This simplifies the analysis considerably,

17 One could argue that if the belief structure of the private sector is such that it believes
that a weak government will always masquerade the strong government by choosing πt = 0
and thus ρt = 1 then reputation will be ruined even if the private sector is facing a strong
government. But then, of course, a “weak” government that never chooses its discretionary
inflation rate would be, by definition, strong.

18 As we have already discussed, for actions πt /∈ {0, πD} that are off-the-path of play
Bayes’ Law does not apply. These actions have an a priori probability of zero; therefore
a posteriori beliefs cannot be formed in t+ 1 and the choice of them is arbitrary.
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as all relevant information needed by the players to compute their optimal
decisions in equilibrium is contained in θt.

5.3.2 Incentives of the government

Since the private sector is unsure of the true identity of government, the
weak government has an incentive to conceal its identity for some time by
imitating a strong government (i.e. by playing low inflation). From [5.9] it
can be seen that πDs = 0 the s-type government therefore always chooses
zero inflation in every period, irrespective of private beliefs (discretionary
and commitment levels of inflation are equivalent). In this setting only the
w-type government carries a strategic role since for him the output-inflation
tradeoff holds (because bw > 0) meaning that he may be tempted to create
inflationary surprises over time. We consider his incentive structure in the
following.19

5.3.2.1 Expected inflation

If the weak type of government is to optimize single-period utility in [5.7] it
has two options: it will either choose its short run inflation rate of πt = πD

with probability ρt ≡ prob(πt = 0|Tw) or else play the preferred strategy of
the strong government (the so-called wolf in lamb’s clothes option) by choos-
ing πt = 0 with probability 1 − ρt.20 The reason the Tw-government may
be inclined to choose an action that is suboptimal in t, namely πt = 0 is
because it can derive a positive utility in the following period for behaving
like a strong government. It is therefore assumed that the weak policymaker
possesses a certain amount of current (i.e. period-t) reputation, as summa-
rized by θt. Accordingly, the expected inflation πet is the joint expected value
of zero inflation, prob(πt = 0) = θt + (1 − θt)ρt, and discretionary inflation,
prob(πt = πD) = (1− θt)(1− ρt), so that

πet = prob(πt = 0) · 0 + prob(πt = πD) · πD

= (1− θt)(1− ρt)πD (5.17)
19 The assumption that bs = 0 will be relaxed in Section (7). It can be shown then

that the strong government can undertake a strategic role by choosing a level of inflation
lower than initially expected by the private sector (i.e. lower than 5.9). Vickers (1986)
elaborates on the monetary policy situation in detail.

20 For the sake of clarity, the index for the weak government will be removed so that
πDw ≡ πD.
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is the best forecast of period-t’s inflation rate, given ρt and θt. Combined
with [5.17], the government’s single period utility in [5.7] can be rewritten as

UG
t = −1

2
aπ2

t + bw[α{πt − (1− θt)(1− ρt)πD︸ ︷︷ ︸
πet

} −∆] (5.18)

with
dUG

t

dθt
> 0. Equation [5.18] illustrates that government utility is an

increasing function of θt. This is the source of government reputational in-
centives: its motivation for playing low inflation is to hold down subsequent
inflationary expectations πet , which in turn helps improve future utility.

Consider the situation the weak government faces in the last period τ .
Since it can no longer profit from its reputation, the weak government has
no incentive to keep inflation low, so it will select its discretionary level of
inflation, πτ = πD. The private sector knows about these incentives for the
last period and sets ρt = 0. Expected inflation in period τ from [5.17] is thus

πeτ = (1− θτ )πD (5.19)

Economic stimulation in excess of the natural rate (from [4.1]) due to unex-
pected inflation in the last period τ can be computed as

α(πτ − πeτ ) = α(πD − (1− θτ )πD)

=
α2bw
a

θτ > 0 (5.20)

The weak government’s period-τ utility is

UG
τ = −1

2
a
(
πD
)2

+ bw
[
απDθτ −∆

]
=

α2b2
w

a

[
θτ −

1
2

]
− bw∆ (5.21)

5.3.2.2 Current disutility of reputation

In the current period (τ − 1) the weak government faces an intertemporal
trade-off. It must weigh the short-term output awards of unexpected inflation
in [5.20] against the long-run impact of losing its reputation in the final period
τ . Since the weak government does not choose πτ−1 = 0 with certainty,
expected inflation in period τ − 1 is

πeτ−1 = (1− θτ−1)(1− ρτ−1)πD (5.22)
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from equation [5.17]. If the government mimicks the strong government with
πτ−1 = 0 and 0 < ρτ−1 < 1, its one-period expected utility UG

τ−1 is

UG
τ−1(πτ−1 = 0) = −1

2
a(0)2 + bw[α{0− (1− θτ−1)(1− ρτ−1)πD −∆]

= −α
2b2
w

a
(1− θτ−1)(1− ρτ−1)−∆bw < 0 (5.23)

The above equation represents the current disutility the weak (mimicking)
government must incur to gain reputation in the following period (hence the
negative sign in [5.23]). On the other hand, a weak government’s current
utility for revealing itself (πτ−1 = πD), and securing the short-term benefits
of surprise inflation can be computed as

UG
τ−1(πτ−1 = πD) = −1

2
a(πD)2 + bw[α{πD − (1− θτ−1)(1− ρτ−1)πD −∆]

=
α2b2

w

a

[1
2
− (1− θτ−1)(1− ρτ−1)

]
−∆bw (5.24)

The net current loss of the weak government for choosing to mimic the
strong government (and thus uphold reputation in τ) is the difference between
[5.23] and [5.24]:

UG
τ−1(πτ−1 = 0)− UG

τ−1(πτ−1 = πD) = −α
2b2
w

2a
< 0 (5.25)

5.3.2.3 Future benefit of reputation

The costs of low inflation in the current period are only accepted in order
to enhance one’s reputation for low inflation in the following period. The
weak government must balance the current loss in [5.25] for a policy of zero
inflation in τ −1 with the future benefit of entering period τ with reputation
intact. The weak policymaker sets πτ−1 = 0 with a probability of ρτ−1, which
generates an increase in reputation θτ in the following period τ according to
Bayes’ rule (see [5.16]),

θτ =
θτ−1

θτ−1 + (1− θτ−1)ρτ−1
> θτ−1 (5.26)

The expected present utility of the weak government with positive repu-
tation in τ − 1 is computed by discounting future utility UG

τ from [5.21] with
δ ≡ (1 + r)−τ ,

UG
τ (θτ > 0) = δ

[
−1

2
a(πD)2 + bwα(πD)2 − bwαπeτ − bw∆

]
(5.27)
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Since ρτ = 0, expectations for τ are πeτ = (1 − θτ )πD, so that the above
equation can be rewritten as

δUG
τ (θτ > 0) = δ

α2b2
w

a

[
θτ −

1
2

]
− δbw∆ (5.28)

When, alternatively, the private agents observe the government choosing
short-run optimal inflation, πD in τ − 1, they revise their beliefs accordingly
and reputation is completely destroyed for the final period τ so that θτ = 0.
Therefore, future disutility of having no reputation in the final period is
computed with [5.21] as

δUG
τ (θτ = 0) = −δα

2b2
w

2a
− δbw∆ (5.29)

Thus the discounted net future benefit of entering period τ with a posi-
tive reputation θτ is the difference between [5.28] and [5.30],

δUG
τ (θτ > 0)− δUG

τ (θτ = 0) = δθτ
α2b2

w

a
> 0 (5.30)

From the equation above we can see that

∂(δθτ
α2b2w
a

)
∂θτ

> 0 (5.31)

i.e., net future benefit of reputation increases in θτ : the greater the accumu-
lated reputation up to θτ−1, the greater the discounted benefit in τ that the
weak government can reap for playing low inflation.

5.3.2.4 Indifference curve

The tradeoff between the current loss of investing in reputation and the future
benefits can be visualized by computing an indifference curve for various
values of θτ and πτ−1. The indifference curve can be written in functional
form as

θτ (πτ−1) =
(πτ−1 − πD)2

2δ(πD)2 (5.32)

(see Appendix (A.4) for derivation) where the slope of the indifference curve
can be calculated as

∂θτ
∂πτ−1

∣∣∣∣∣
πeτ−1

=
1
δ

(
πτ−1 − πD

(πD)2

)
(5.33)
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Fig. 5.2: Indifference curve
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The curve depicted in Figure 5.2 shows combinations of inflation and repu-
tation that deliver the same amount of (expected) intertemporal utility to
the weak government. Notice that reputation reaches its minimum when
the government chooses its discretionary policy πD: since playing the discre-
tionary policy destroys reputation completely, any combination of (θτ , πτ−1)
with πτ−1 6= πD is accompanied by a higher utility for the government. The
marginal benefit of an additional increment of surprise inflation is increasing
in πτ−1 to the left of πD (due to the negative slope of the indifference curve)
and decreasing to the left. The indifference curve is flat for πτ−1 = πD since
the marginal gain of higher unexpected is then zero. The prior probability
that the government is strong θτ−1 lies somewhere between 0 and the maxi-
mum amount of reputation to be achieved between period τ − 1 and τ . This
maximum value is 1/2δ and corresponds to an inflation rate of πτ−1 = 0
(where the indifference curve intersects the vertical axis).

5.3.3 Equilibrium policy

By combining the terms for the current loss and future gains of reputation
it is possible to calculate the net present expected utility Vτ−1 of a weak
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government for choosing a policy of low inflation. This overall measure of
utility equals current (dis)utility in period τ − 1 (from 5.25) plus the present
discoutned value of utility in τ computed at τ − 1 (from 5.30),

Vτ−1 = UG
τ−1(πτ−1 = πD)− UG

τ−1(πτ−1 = 0) + δUG
τ (θτ > 0)− δUG

τ (θτ = 0)

=
α2b2

w

a

[
δθτ −

1
2

]
(5.34)

The government has a certain amount of current reputation, as summarized
by the value of θτ−1, if it has not inflated up to τ − 1.21 Note that the sign
of Vτ−1 depends solely on the term inside the brackets, δθτ − 1

2 . Thus the
government’s discount rate, δ, and reputation θτ determine the sign of Vτ−1

in the following way:

Vτ−1



> 0 if θτ >
1
2δ

= 0 if θτ =
1
2δ

< 0 if θτ <
1
2δ

(5.36)

The sign of Vτ−1 is linked with the weak government’s incentives to mimick
or not. Positive values of Vτ−1 would induce the weak government to abstain
from surprise inflation since then the future (discounted) benefit of reputation
outweighs the short-term costs of low inflation. For negative values of Vτ−1,
on the other hand, the weak government lacks the long-term incentive to
“invest” in reputation and plays high inflation in both periods. When Vτ−1 =
0, the government is indifferent between investing in reputation and choosing
the short-term strategy of high inflation. Thus depending on the parameter
values of θτ and the discount factor δ in [5.36] which are common knowledge
to the public, the game will possess alternative outcomes, which we can
interpret as intertemporal equilibria of the game.

21 Rearranging the terms in [5.34] yields

UGτ−1(πτ−1 = 0)− UGτ−1(πτ−1 = πD) = δUGτ (θτ = 0)− δUGτ (θτ > 0) (5.35)

Given this formulation, Barro and Gordon (1983a, p. 107) interpret the LHS as the
’temptation to cheat’,i.e., the gain from an unexpected deviation from πt = 0. The RHS of
the equation is the ’enforcement power’, which motivates the weak government to maintain
a low-inflation reputation in the current period by choosing πτ−1 = 0.
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5.3.3.1 Unique separating equilibrium

The net discounted utility for reputation is negative for parameter values

of δ <
1

2θτ
. Since the reputational variable θτ is defined in the region 0 ≤

θτ ≤ 1, the inequality condition above holds only for values of δ < 0.5. Thus
for a discount factor less the 0.5 (or alternatively speaking, a discount rate
r > 2/3) the short-run benefits of surprise inflation will prevail over any
reputation-building incentives.

The Tw-government chooses πτ−1 = πD with certainty so that ρτ−1 = 0.
The weak government therefore chooses πD from the start of the game and
inflation comes unexpected (since πe = (1 − ρτ−1)πD < πD) from 5.17. But
the public knows with certainty that it is facing a weak government, so in the
second and all following periods adjusts expectations accordingly. The strong
government can successfully reveal its type in this equilibrium by selecting
πτ−1 = 0. The equilibrium is unique in the sense that there can be only
one set of strategies chosen at every point of time in the two-period interval
t = {τ − 1, τ}, as long as the discount factor remains constant,

Ts : πsτ−1 = 0 and πsτ = 0 (5.37)

Tw : πwτ−1 =
αb

a
and πwτ =

αb

a
(5.38)

A exceptional feature of this equilibrium is that its existence does not depend
on any subjective beliefs of the private sector. The future is discounted so
heavily that any long-term considerations are dominated by the ultimate
short-term goal of deriving an output boost in the first period.

5.3.3.2 Pooling equilibrium

For values of δ > 0.5 the future does matter to the weak government. The
decision whether to play πτ = 0 for the benefit of reputation in τ−1 depends
on the initial prior reputation in τ − 1. From [5.36] prior reputation must

suffice the condition θτ >
1
2δ

in the final period τ . If the weak government
chooses πτ−1 = 0 then observed policy does not convey any information about
the identity of the government, so reputation remains unchanged, θτ−1 = θτ .
Therefore, the reputational incentives are large enough for the government

to resist the temptation to inflate in period τ − 1 when θτ−1 = θτ >
1
2δ

. In
period τ , of course, the weak government has no strategic incentive to invest
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in reputation, so that he chooses his preferred strategy πD. For initial values

of θτ−1 >
1
2δ

, an equilibrium exists in t = {τ − 1, τ} such that

Ts : πsτ−1 = 0 and πsτ = 0 (5.39)

Tw : πwτ−1 = 0 and πwτ =
αb

a
(5.40)

This solution illustrates the fact that a sufficient amount of reputation can
sustain a policy of low inflation in the long-run. This is more likely to happen
the higher a government’s reputation is when it enters office at the start of
the game (the larger is θτ−1) and the lower is its discount rate (the higher is
δ).

5.3.4 Reputation over a finite time horizon

The analysis is now generalized for more than two periods. This involves
deriving a time path for θt over a discrete time interval {t = 0 . . . τ}. Recall
that inflationary expectations of the private sector in t are from Eq.[5.17],

πet = (1− θt)(1− ρt)πD (5.41)

The condition for choosing a low inflation policy in t− 1 for increased repu-
tation in t can be computed from [5.36] as

δ

(
b2
wα

2

a
− bwαπe

)
− bwα

2

2a
≥ 0 (5.42)

where τ has been replaced by t ∈ {0 . . . τ} and the general form of Eq. [5.27]
has been used. When the equality sign holds in the condition above the
weak type of government is indifferent between a policy of zero-inflation and
inflation. It therefore randomizes its choice of πt−1 setting πt−1 = 0 with
probability ρt−1 and πt−1 = πD with probability (1 − ρt−1). Therefore, the
w-government is indifferent when private sector expectations are

πet =
bwα

a

(
1− 1

2δ

)
(5.43)

Together with Eq. [5.41] the weak government in t evaluates the following
condition

(1− θt(θt−1))(1− ρt(θt−1)) =
(

1− 1
2δ

)
(5.44)
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where both the probability that the government is strong, θt, and the prob-
ability that a weak government masquerades as a strong government, ρt, are
defined as functions of θt−1. θt(θt−1) is updated according to the Bayesian
formula in [5.16]. Since the RHS of Eq. [5.44] is a constant, the equilibrium
probability ρt(θt−1) must fall as the weak government builds reputation by
following a low inflation policy,

dρt(θt−1)
dθt(θt−1)

< 0 (5.45)

The relationship in [5.44] defines a first-order difference equation for τR ≤
t ≤ τ − 1, where τR is the starting point for the randomization period. The
solution for [5.44] yields a time path for θt and ρt in which the weak gov-
ernment randomizes such that expectations remain constant in this phase.22

Together with the terminal condition ρτ = 0, the time paths for θt and ρt are

θt =
( 1

2δ

)τ+1−t
(5.46)

ρt =

1
2δ
− θt

1− θt
=

1
2δ
−
( 1

2δ

)τ+1−t

1−
( 1

2δ

)τ+1−t (5.47)

With [5.41], private sector expectations are constant during the randomiza-
tion period,

πet (θt, ρt) = 1− 1
2δ

(5.48)

To compute τR note that in the interval 0 ≤ t ≤ τR the weak government sets
πt = 0 with certainty (ρt = 1) and there is no update of beliefs, θ0 = θt since
the private sector cannot differentiate between governments. Randomization
thus occurs in period t+ 1 with ρt = 1 when

θ0 < θt <
( 1

2δ

)τ+1−t
(5.49)

The solution for τR is the largest integer for which this inequality holds,

τR = inf
[
t | θ0 <

( 1
2δ

)t+1
]

(5.50)

22 The weak government never randomizes in the final period τ , but plays πD with
certainty (ρτ = 0).
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At date τR, θτR = θ0 and ρτ satisfies Eq. [5.47].
Summarizing, the equilibrium time path can be characterized as follows.

Reputation develops according to

θt =


θ0 for t ≤ τ − τR if πs = πs−1 ∀s ≤ t− 1( 1

2δ

)τ+1−t
for t > τ − τR if πs = πs−1 ∀s ≤ t− 1

0 otherwise

(5.51)

ρt =


θ0 for t < τ − τR if πs = πs−1 ∀s ≤ t− 1
1
2δ − θt
1− θt

for τ − τR ≤ t < τR if πs = πs−1 ∀s ≤ t− 1

0 otherwise
(5.52)

The private sector follows the same strategy independently of what type
of government it faces. Under rational expectations private agents expect a
discretionary rate of inflation πD with probability (1−θt)(1−ρt), the product
of the probability that the government is Ts and the probability that the weak
government devalues at t.

According to Eqs. [5.51] and [5.52], a weak government’s monetary sta-
bilization program may go through three distinct phases. If τR > 0, then for
a duration of τ − τR (computed from [5.50]), a weak government is sure to
imitate a Ts government. During this phase, the incentive to invest in rep-
utation is strong enough that the weak government abstains from inflating
with certainty. Expected inflation is therefore πet = 0. Following this, there
is a period in which the weak government is indifferent between revealing its
type and mimicking a strong government. It therefore randomizes its strat-
egy during this period so that expected inflation is the probability weighted
average

πet = (1− ρt)πD + ρt · 0 = (1− ρt)πD > 0 (5.53)

The incentive to mimic a strong government decreases over time as the game
approaches τR. Eventually there is a point where the short-run gains from
inflating more than compensate the subsequent costs of losing reputation so
the government may reveal itself in some period prior to τ .



Part II

EXCHANGE–RATE–BASED
STABILIZATION POLICY



INTRODUCTION

The use of the exchange rate to achieve economic goals has, historically
speaking, not always been met with success. An infamous precedent was the
final collapse of the Bretton Woods agreement, in which industrial nations
finally abandoned their efforts to sustain a fixed exchange rate system. In the
aftermath of Bretton Woods and in congruence with the prevailing economic
ideology of the times, many developing countries that adopted more flexible
exchange rate regimes during the 1980’s found their efforts to attain macro-
economic stability thwarted by the debt crisis of 1982. For many, exchange
rate flexibility became another name for chronic inflation. Even for members
of the IMF Executive board, enthusiasm for an active exchange rate policy
”went too far”; according to their view exchange rates should move towards
more rigidity as a way to introduce financial discipline and provide a nominal
anchor.23 It is no wonder then that the tides again have turned in favor of us-
ing the exchange rate as an instrument to attain macroeconomic stability.24.
Responding in part to the failure of monetary (orthodox) stabilization, dis-
inflation policies that include an exchange-rate-based stabilization have been
widely used in the developing economies (especially in Latin America) to
combat chronic inflation.

The main component of an ERBS is the announcement of a reduction
or freeze in the rate of devaluation aimed at curbing inflationary pressures,
whether these originate in excessive budget deficits or in the wage and price-
setting behavior of the private sector. Specifically, an ERBS tackles the

23 See Sebastian Edwards, 1995, p. 2.
24 The rather nostalgic appeal for using a fixed exchange rate as a way to maintain price

stability originates in the pre-World War II period from its undeniably decisive role in
bringing hyperinflation under control (by restoring convertibility of the domestic currency
to the dollar or equivalently to gold). Historical examples in Austria (1924), Germany
(1924), Poland (1924), Greece (1946) and others make a case for fixing the exchange rate
to a nominal anchor. Thomas Sargent (1986), third chapter, offers an extensive and
insightful discussion of the role of the gold standard in hyperinflation of the 20’s.
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problem of inflation by using the exchange rate as the main nominal anchor,
where an inflation-prone country (unilaterally) pegs the exchange rate of its
currency to the currency of another country that has a tradition of low infla-
tion.25 The basic argument is that by importing the anti-inflationary regime
of stable countries through an exchange rate peg, price-setters in the goods,
labor and foreign exchange market adjust their inflationary expectations to
the rate of inflation prevailing in that of the anchor country.

Governments that use the exchange rate in discretionary fashion to ease
their external position tend to abuse this instrument, thus introducing an
inflationary bias into the economy. One major rationale for resorting to a
fixed exchange rate regime is the belief that the mere announcement of an
ERBS program will help to reduce inflationary expectations, thus raising
the probability of the program’s success. The adoption of a predetermined
exchange rate anchor thus serves as a commitment technology and, given a
disreputable history of failed stabilization attempts, represents a fundamen-
tal change in the exchange rate regime of the government. Given a suitable
institutional framework the introduction of a fixed exchange rate acts as a
constraint in the government’s ability to surprise the private sector through
an unanticipated devaluation. The caveat is that a fixed exchange rate rule
is basically a commitment to carry out a given monetary policy and subse-
quently domestic policymakers completely forgo the use of monetary policy
for stabilization purposes.26

An historical example of an ERBS are the orthodox stabilization27 efforts
of Argentina and Chile in the late 70s. The cornerstone of stabilization was
a preannounced exchange rate against the US-dollar, the so-called tablita,
with a decreasing rate of devaluation that was below the ongoing rate of
inflation. If everything had gone according to plan, the inflation rate should

25 Some ERBS programs have alternatively relied on less stringent exchange rate schemes
than a fixed parity. For example some countries implemented a rule-based crawling peg
system with a low rate of depreciation (e.g. Mexico 1987), or a preannounced gradual
reduction in the rate of devaluation.

26 This assumes, of course, the existence of an open capital market. Then it holds
that “a country cannot simultaneously maintain fixed exchange rates and an open capital
market while pursuing a monetary policy oriented toward domestic goals.” (Obstfeld,

M. (1998), p. 14-15.).
27 Labeled as “orthodox” to distinguish stabilization programs from “heterodox” pro-

grams that additionally rely on price or wage controls to cushion the effects on the econ-
omy.
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have converged quite rapidly to the world inflation rate plus the preset rate of
devaluation. In fact, Argentina’s program succeeded in dampening inflation,
but contrary to what the architects had expected, the speed of convergence
of the inflation rate to the preannounced rate of devaluation proved to be
very slow. The ensuing real appreciation of the currency had the less desir-
able effect of deteriorating the current account balance, “reaching a deficit
of around 3% of GDP in 1979 and 1980.”28 The severe imbalance in the
external account fueled expectations of a devaluation and the program was
eventually abandoned in 1981. The same pattern of asynchronous inflation
and devaluation rate, deteriorating current account and subsequent default
were to be observed in the Chile. The real appreciation of the Chilean peso
(over 30% with respect to 197529) led to a dramatic deterioration in the exter-
nal position, with the current account deficit increasing to 14.5% of GDP in
1981.30 The record on inflation front shows that during the initial phase the
Chilean experience was no better than Argentina was in reducing inflation
to tolerable levels.31 As the external environment became hostile (due to the
debt crisis, the fall in copper prices, capital flight and a gaping balance of
payments deficit) the government was forced to renege on its exchange rate
commitment and devalued the currency in 1982.

A similar pattern emerges when observing the more recent historical
record on the use of managed exchange rate policies in Table 5.6. In most
cases the trade balance deteriorated to a considerable degree in the year fol-
lowing the announcement of the exchange rate regime, the sole exception
being Israel’s program of 1985, which also had the unique property among
the selected programs of being quite effective in bringing down inflation. Nei-
ther the Argentine Austral Plan of 1985, nor the Brazilian Cruzado Plan of
1986 succeeded in achieving a lasting stabilization. In Brazil, a deteriorating
external position and large fiscal deficits led to unsustainable imbalances that
finally undermined the stabilization attempt.32.

28
Kiguel and Liviatan (1994), p. 10.

29 Ibid., p. 12.
30

Carlos A. Végh (1992), p. 649. According to this source, the huge current account
deficits were largely financed by large capital inflows.

31 To be fair, the Chilean program did eventually bring inflation down to international
levels, but “this took five years, with the decisive period (of pegging the exchange rate)
lasting two years” (Kiguel and Liviatan (1994), p. 12).

32 As Agénor and Taylor (1992) note, ”The balance of payments deteriorated sharply
as a result of the trade deficit and also because of widespread speculation that corrective
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Argentina’s more recent ERBS program, initiated in 1990 is still up and
running, even despite the aftershocks of the so-called ‘tequila effect’ and
the Asian crisis that followed. It qualifies as a prime example of successful
disinflation using a fixed parity (fixed to the US-dollar in a currency board),
bringing an end to almost four decades of high inflation. The achievement
was markedly more successful than previous attempts with an ERBS. Mexico
used a crawling target zone, where the (preannounced) rate of devaluation
was deliberately set below the rate of ongoing inflation. Until the collapse of
the peg in 1994, the program did quite well in reducing inflation to tolerable
levels, albeit with the familiar side-effect of external imbalance.

Tab. 5.6: ERBS programs in practice

Selected Exchange-rate-based stabilization programs 1985-1990
Country Date Inflation Trade Balance

(-1) (0) (+1) (-1) (0) (+1)
Argentina 6/85 1,189 50 110 1,462 1712 888
Argentina 3/90 20,274 287 18 1038 1935 1151

Brazil 2/86 289 52 481 2,021 2460 585
Israel 1/85 446 24 20 -603 -639 -355

Mexico 12/87 159 52 20 1879 1770 -456

Source: Kamien, S. (1991) and International Financial Statistics, various
issues. Inflation rates measure consumer inflation, month over year-earlier
month. Trade balance is given in millions of US$ for the quarter in which
the program was initiated. (-1) refers to the 12 months prior to the program
announcement, (0) refers to the year in which the announcement was made,
and (+1) refers to the following 12 months.

To summarize then, the empirical evidence suggests that the ERBS were
generally more effective than previous “experiments” with money-based pro-
grams in combatting chronic inflation. But on closer inspection the stylized
facts emerge that reductions in inflation were usually only gradual, with the
inflation rate converging only sluggishly to the new parity, resp. rate of deval-
uation, resulting in a deterioration of the trade balance and current account.
Also, once macroeconomic imbalances went out of control the authorities

action would include a major devaluation of the domestic currency.” (p. 560).
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were more than willing to renege on their previous commitment to the fixed
exchange rate.

What went wrong? With modern macroeconomic views emphasizing ex-
pectations and institutional constraints, the ERBS approach has become
closely linked with the issue of credibility. In this line of reasoning, one com-
pelling explanation representative of many is that “the persistence of inflation
was driven by lack of credibility about the ability or willingness of the au-
thorities to adhere to the exchange rate rule in the event of adverse shocks”33

A central feature of general idea that motivated these ERBS was that the
mere proclamation of a realignment (such as with the tablitas) of exchange
rates could suffice to deaccelerate inflation. As commentator observed, the
program would be able to

. . . break inflationary expectations by announcing in advance an ex-
change rate path . . . It was hoped that confidence in the reform would
be built up month by month as the announced exchange rates we[re]
(sic) successfully maintained, and that the increased confidence in the
reform would provide an ‘expectation bonus’ in terms of reduced infla-
tionary expectations and a consequent reduction in current inflation.34

The “announcement effect” (i.e. the immediate effects occurring when a
change in policy is announced) can be as powerful as the implementation of
policy itself. At the time that an ERBS is announced, however, the public
has only the previous track record of the government on which to formulate
its expectations of future policy. If the public is not persuaded by the procla-
mation to believe in the sustainability of an ERBS then the economy will
not move quickly to a new equilibrium with lower price expectations. Con-
sequently, the reduction in inflation will be lower than the reduction in the
rate of devaluation so that there will be a real appreciation of the currency
which undermines the competitiveness of the economy. If the parity is to be
retained in such a situation there is no automatic mechanism to generate the
real depreciation necessary to reduce the increasing current account deficit.
The consequence will be to default on the ERBS. As the evidence quite strik-
ingly illustrates, “The major flaw with fixed exchange rates is that credibility
usually comes before — not after — policy making has been carried out.”35

33 See Kiguel and Liviatan (1994), p. 16.
34 See Baxter, M. (1985), p. 344.
35 See Colombatto and Macey (1996), p. 197.



6. COMMITMENT VS. DISCRETION
IN A STOCHASTIC MODEL

Ultimately, the mere announcement of an ERBS program should suffice to
exert a downward pressure on inflationary expectations, but this depends
on whether the intentions of the government are aligned with the announce-
ment. Very often we can observe that there is no institutional impediment to
alter the exchange rate once it has been imposed, thus putting into question
the credibility of the government’s initial announcement. By implement-
ing legislation that makes an ex post alteration of the parity costly for the
government, the degree of commitment to an ERBS program can be signifi-
cantly increased. Argentina’s program of 1990, for example, strictly limited
the authorities’ discretion to alter the exchange rate regime once it was es-
tablished. The executive’s power was checked by a convertibility law that
required congressional approval for any change in the parity. Furthermore,
the currency board installed prohibited fiscal deficits to be financed by the
central bank and even “legalized the use of the dollar as a unit of account and
a means of exchange”, further emphasizing the government’s commitment to
the nominal anchor.1

Another question involves the usage of the exchange rate in achieving
real targets, such as when the current account has to be improved (so-called
expenditure-switching). By sacrificing the discretionary use of the exchange
rate in an ERBS regime the policy objective is reduced to the single target of
maintaining a low inflation rate, in effect “tying the hands” of the government
and stifling the real development of the economy. The exchange rate loses
its favorable characteristic as an instrument for regaining macroeconomic
equilibrium especially when random shocks are constantly a threat to the
external balance. “[F]orgoing the use of the exchange rate instrument for
the sake of the anti-inflation target is thus a cost. . . the cost of not being able

1 See Rainer Schweickert (1993), p. 1 and Kiguel and Liviatan (1994), p. 24.
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to use the exchange rate to achieve a real target.” 2 Although establishing
effective institutional constraints may be viewed as the sine qua non for a
successful ERBS program, an ERBS program is difficult to manage in small
economies coping with external imbalances. For these countries maintaining
a nominal anchor in the face of a mounting trade deficit is not a viable option.
Thus although establishing credibility may be view as the major rationale
behind an ERBS, maintaining a nominal anchor is often not a viable option
for countries coping with large and persistent external imbalances.

The following formal analysis will address the role that a nominal ex-
change rate plays in a program of disinflation, both under the aspect of dis-
cretion and flexibility. The approach followed bears a striking resemblance
to the the model of monetary policy in Section (4.2). The analysis is based
on a theoretical framework which again employs the representative agent
model of a government that is concerned about the distortionary effects of
inflation, but also would like to avoid a deterioration in the trade balance.
The model additionally includes a stochastic element to the game-theoretic
discussion, to account for a worsening of the external environment which
impinges negatively on the current account.

6.1 Model structure

The analytical framework is a simple macroeconomic model of a small open
economy producing traded and non-traded goods. The economy’s (log) nom-
inal exchange rate (the price of foreign money in terms of domestic money)
is determined by the government at the beginning of each period t. The gov-
ernment is concerned about the distortionary costs of inflation, πt ≡ pt−pt−1

(where pt is the log of the domestic price level in period t). In addition, the
government is concerned about actual deviations from its external balance
target, b∗ − bt, where b∗ is the target current account balance and bt is the
current account balance at time t. Stabilization of domestic prices can be
achieved by establishing a nominal anchor, i.e. by fixing the domestic cur-
rency to the currency of another country that has a tradition of low inflation.
But whereas a policy of price stabilization calls for a pegging of the nominal
exchange rate, the ability of the government to reduce a current account im-
balance lies in reducing the nominal exchange rate — this is where a potential

2 See Corden, M. (1994), p. 80-81.
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conflict of interests may arise. Consequently, the policymaker’s preferences
entail a tradeoff between internal and external goals.3 This potential conflict
of policy objectives (low inflation versus a balanced current account) is cap-
tured in a simple loss function Lt. Specifically, on any date t a governmental
loss function can be formulated as

Lt(bt, πt) =
{

(bt − b∗)2 + aπ2
t , if b∗ > bt;

aπ2
t , if b∗ ≤ bt.

(6.1)

where the coefficient a > 0 indicates the relative concern of the government
for price stability versus the balance of payments. The loss function in [6.1]
is assumed to correspond to a societal loss function. Once the desired current
account target b∗ is reached (b∗ ≤ bt), the government becomes indifferent
between alternative values of a balance of payments surplus. The aggre-
gate loss Lt depends exclusively upon the variability of inflation around the
socially optimal level π∗, which is set to zero for convenience.

The level balance of payments around the exogenously given target b∗

(equivalent to the current account since there are no capital transfers) is
determined according to the following function:

bt = b∗ +
√
α [(et − wt + π∗t )− ut − k] with α ≥ 0 (6.2)

where wt and is the level of wages in the non-traded sector, et is the nom-
inal exchange rate and π∗t is the inflation rate for tradable goods (foreign
inflation). π∗t is determined on the world market and thus exogenous to the
model. The variable k captures distortions to the economy that cause the
balance of payments to systematically fall short of the target level. The
model assumes that k < 1. This assumption provides the rationale for the
government to seek an improvement of the current account above the socially
optimal level. α is a sensitivity term that relates the size of change of the real
exchange rate to the change in the balance of payments. This could similarly
be a measure of the speed of adjustment of the trade balance to the change
in the real exchange rate.4

3 Models that similarly examine the trade-off between external balance and stabilization
can be found in Agénor (1994), Cukierman, A. M. (1992), p. 83-95, and Devarajan

and Rodrik (1991).
4 After a devaluation it is likely that the trade balance may deteriorate at first only to

improve over the passage of time (J-curve effect). However, empirical evidence suggests
that the effects will be generally more rapid in smaller, more open economies such as the
ones we are considering here, so that a “devaluation could be considered a successful policy
for improving the trade balance of LDCs.” See Bahmani-Oskooee and Malixi (1992).
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Given the formulation in [6.2], deviations of the current account around
its target level can be attributed to variations in the (log of the) real exchange
rate et − wt + π∗t and distortion k as well as ut.5 The random shock ut, is
a random variable symmetrically distributed with mean 0 and variance σ2

(ut can be thought of as a shock to the distortion k). The presence of this
random element in the maximization of societal welfare gives the government
an incentive to counteract its negative influence by adjusting the exchange
rate so as to offset the shock. But the use of the exchange rate in such
compensatory manner is entirely consistent with private sector expectations.

Nominal wages in the non-traded goods sector, wt, are assumed to be
set by a representative (monopoly) trade union encompassing all workers in
that sector. According to standard trade union models of wage formation, a
union aims at a given real wage rate. For simplicity we assume that labor
market equilibrium requires a constant (log) real wage of 0. This means
that, to attain this real wage target, nominal wages wt must grow at the
same rate as the (log) domestic price of foreign goods (et + π∗t ). Under
rational expectations the trade union uses all available information at date
t− 1 to negotiate a wage

wt = E {et|Ωt−1} (6.4)

where information set Ωt−1 includes full and accurate data on the govern-
ment’s incentives, constraints and information as of t− 1.6 Hence the trade

5 Among alternative definitions of the real exchange rate E, the definition chosen here
follows Dornbusch and Helmers (1988), where a measure of the wage index (domestic
cost) is used to deflate the domestic currency,

E =
Price of tradables

Domestic cost
=
En · P ∗

Wd
(6.3)

En is the nominal exchange rate and P ∗ is the price level of foreign goods in foreign
currency. The term et − wt + π∗t used in Eq. [6.2] is the logarithm form. Note that if π∗t
is set to zero, then the (log) real wage and (log) real exchange are identical within this
model.

6 See, e.g., Oswald (1985) on trade union models of wage formation. The wage bar-
gaining behavior of the trade union can be rationalized by formulating a payoff function
for the union,

Vt = − [wt − (et + π∗t )]2

The expected utility maximizing strategy (first-order conditions) of the union results in
[6.4], since certainty equivalence holds when the loss function is quadratic. Furthermore,
the result rules out any indexing in wage settlements by assumption.
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union’s decision is, basically, their unbiased prediction of the nominal ex-
change rate et.

Domestic inflation, πt, is a geometric weighted average of the increases
in the price level of traded goods (measured in domestic currency) and wage
inflation in the non-traded goods sector,

πt = µ(et − et−1 + π∗t − π∗t−1) + (1− µ)(wt − wt−1) (6.5)

where µ measures the degree of openness of the economy and 0 < µ <

1.7 An increase in the nominal exchange rate is assumed to translate into
greater domestic inflation, the greater the small country’s involvement in
international trade. For a country isolated from international transactions
(perhaps through thus use of exchange controls) the nominal exchange rate
will have less impact on inflation.

In selecting its optimal policy, the government chooses a devaluation rule,
taking into account its preferences, the wage level chosen by the union as well
as the random shock at the beginning of the period. Since the government’s
preferences are quadratic (see 6.1), the rule must be linear in the observed
realization of ut and its functional form

ε(ut, k) = κs + κut (6.6)

minimizes the unconditional expectation ELt subject to et − et−1 = ε(ut, k).
The rule reflects the fact that the government observes ut before making the
final decision on the exchange rate in period t. This information lead allows
it to adjust the rate of devaluation by a proportion κ of the random shock.

Fig. 6.1: Timing of the stochastic game
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The policy game has the following timing. First, the policymaker makes
an announcement, S = (1, 2) on its policy intentions. Subsequently, the

7 The expression in [6.5] is in log form and can be derived from the geometric weighted
average of the domestic price level, P = (E ∗ P ∗)µW (1−µ).
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economy-wide nominal wage wt, at which workers agree to supply labor for
all the non-traded firms’ demand, is determined in the labor market. This
negotiated wage is made contingent on the announcement S made by the
government on its exchange rate course without actually observing the choice
or the random shock. Finally, the policymaker observes the shock ut before
making the final decision on the exchange rate et at the beginning of period
t. This informational lead allows it to adjust the exchange rate contingent
on the actual realization of the shock.8 The timing is illustrated in graphical
form in Figure (6.1), where G and PS are the government and private sector,
respectively.

6.2 Equilibrium policy under alternative regimes

This section proceeds to derive the optimal choice of the coefficients κs and
κ under four different settings of the policy environment. The distinguishing
feature of the static equilibrium lies in the varying degree of institutional
constraint that is placed upon the government’s use of the nominal exchange
rate as a policy instrument. For simplicity it has been assumed that real
exchange rate (and thus the current account) is not influenced by world
inflation, i.e. π∗t = 0.

6.2.1 Semi-discretionary regime (C)

First, consider the case in which there exists a commitment technology that
somehow forces the government to reveal its private information truthfully,
i.e., its announcement S corresponds exactly with its exchange rate policy.
This regime could be enforced, e.g., by having the policymaker commit to
a choice of κS ex ante, i.e., before nominal wages are set, and this choice is
known to the union before signing wage contracts. In this way the govern-
ment’s policy choice simultaneously determines wage setter’s expectations.

8
Matthew Canzonieri (1985), p. 1060 makes an important distinction in the infor-

mation structure of stochastic games. Under symmetric information both the wage setters
and the government are assumed to observe ut at the same time, though it is no longer
possible for the wage setters to incorporate this information into the contract wage wt.
Under private information only the government can observe the value or has a correct
forecast of ut at the beginning of the period. It is therefore not possible for the wage set-
ters to decompose the values for κS and κ̄ in the exchange rate rule. The model presented
here will assume that the former information structure exists.
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After realization of the shock ut the government optimizes by choosing a suit-
able κ to offset the shock around the external target b∗. We will characterize
this regime as semi-discretionary (C) because the government’s discretion is
limited to compensating the negative impact of ut in the aftermath of its
realization — other than for this purpose, the government is tied to its com-
mitment not to use the exchange rate in order to improve the current account
above the socially optimal level. Any inflation that does arise is therefore
not unexpected. Optimal devaluation et − et−1 can be derived as

εt(ut) = κs + κut = λut − (1− µ)(et−1 − wt−1) (6.7)

where λ ≡ α/(α+aµ2). It follows that under this regime, the current account
balance and the inflation rate are, respectively,

bt = b∗ −
√
α(ut + k) +

√
αλut (6.8)

πt = µλut (6.9)

(see Appendix B.1 for details). We can characterize this equilibrium in the
following way. Under the exchange rate policy rule given in [6.7], the author-
ity reacts to the random shock ut > 0 in the balance of payments by devalu-
ating the currency at a rate of κut = λut. The flexibility of the exchange rate
at the outset of period t allows a smoothing of the balance of payments in the
face of an unanticipated shock by the positive amount

√
αλut. The rate of

devaluation et−et−1 is inversely related to the level of the real exchange rate
in the penultimate period (et−1 − wt−1). Furthermore, an economy that is
more susceptible from shocks to the balance of payments due to its openness
(large µ), has a higher rate of devaluation (on average).

Under regime C there is an increase inflation, but mean inflation is zero
(Eπt = 0) since the government is bound in this regime to make no attempt to
offset the predictable component k. The benefit of a semi-flexible government
exchange rate policy is bought at the cost of causing some inflation, πt > 0.
As the magnitude of inflation increases with the openness coefficient µ, the
government’s zeal towards stabilizing the external balance is dampened. In
a similar vein, a government that places considerable weight in its policy
objectives on the reduction of inflation will be less prone to devalue the
currency in this compensatory manner. Note that any inflation that arises
in this equilibrium is fully unexpected by the public — the optimal rule is
chosen so as to have zero expected devaluation in equilibrium, i.e. κs = 0.
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The unconditional expected policy loss can be computed as

ELCt = αE {(1− λ)ut + k}2

= α(1− λ)σ2
u + αk2 (6.10)

where σ2
u is the variance of ut.

6.2.2 Fixed exchange rate regime (F)

Under a fixed exchange rate regime (F) the optimal rule would dictate an
adherence to a fixed parity et = et−1, for all t. In this regime the government
irrevocably fixes the exchange rate, so that it cannot react to the random
shock ut (i.e. rule cannot be made contingent on ut). The trade balance in
this regime can be computed as

bt = b∗ −
√
α(ut + k) (6.11)

πt = 0 (6.12)

(see Appendix B.2). Comparing the current account under fixed exchange
rates with the result in regime C , we can see that the trade deficit has
been reduced by the term

√
αλut > 0. This means that exchange rate semi-

flexibility of the exchange rate allows the current account to be less sensitive
to fluctuations in the external environment. Adherence to the strict rule (F)
results in an expected loss of

ELFt = αE(ut + k)2

= αk2 + ασ2
u (6.13)

We can therefore also posit that by “tying its hands” to a rule of fixed
exchange rates the government’s stabilization policy becomes unambiguously
suboptimal in welfare terms: by adhering to a fixed exchange rate it is unable
to compensate a shock via expenditure switching and the current account
must take the full brunt of the shock. If the current account is highly sensitive
to random shocks then it is advisable to use a more flexible exchange rate
regime.

6.2.3 Discretionary regime (D)

In this section the management of the exchange rate is left to the discretion of
the government, i.e., the government does not (or is unable to) commit in ad-
vance to an exchange rate policy rule. The government’s ’reaction function’
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shows the actual devaluation as a function of the union’s wage-setting be-
havior and can be derived from the first-order conditions of the government’s
maximization problem,

ε(ŵ) =
[
1− aµ

α + aµ2

]
ŵ + λ(ut + k)− λ(et−1 − wt−1) (6.14)

where ŵ ≡ wt −wt−1 = E{et|Ωt−1} −wt−1, the (expected) increase in wages
the union selects. In terms of inflation, the reaction function9 is

πrt =
α

aµ
(ut + k)− α

aµ
(et − wt) (6.15)

Without knowledge of the government’s choice at the beginning of period t,
the trade union must make a forecast of the policymaker’s choice of exchange
rate et — the forecast cannot therefore be made conditional on the actual
policy that will be actually be carried out. The forecast E{et|Ωt−1} is made
by the union assuming rational expectations. In Appendix B.3 it can be
shown that this non-cooperative equilibrium is characterized by the following
values for devaluation, inflation and the trade balance,

ε(ut, k) = λut − (1− µ)(et−1 − wt−1) +
α

aµ
k (6.16)

πt = µλut +
α

aµ
k (6.17)

bt = = b∗ −
√
α(ut + k) +

√
αλut (6.18)

A first result is that without a binding commitment to a policy rule, the
government has an incentive to devalue the currency in excess of the amount
necessary to cushion the shock — the optimal discretionary rule prescribes a
devaluation that is greater than when the government can commit to policy.
This is because the union of the non-traded sector correctly interprets the
incentives of the government and accordingly increases wages at the rate

wt − wt−1 = µ(et−1 − wt−1) +
α

aµ
k (6.19)

to compensate for the devaluation bias of (α/aµ)k > 0. Wage setters ori-
entate their wage increases on the previous level of ’surprise’ in the real

9 Appendix B.3 shows how the reaction function can be derived from the first-order
conditions of the minimization problem
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exchange rate, et−1−wt−1. At the rate of wage inflation in [6.19], the govern-
ment is no longer tempted to improve its external balance goal and in fact
accommodates the wage increase in the non-traded sector. At the level of
devaluation given in [6.16] the government is unwilling to trade off a higher
inflation rate for a reduction in the balance of payments and thus incurs a
loss of

ELDt = α(1− λ)E
[
u+

k

(1− λ)

]2

= α(1− λ)σ2
u + αk2 +

(
α2

aµ2

)
k2

︸ ︷︷ ︸
excess loss

(6.20)

where
α2

aµ2k
2 is the excess loss due to the inflationary bias of a discretionary

regime compared with the loss incurred in regime C (see eq. [6.10]).

6.2.4 Surprise regime (M)

Finally, in order to complete the possible cases in the static equilibrium,
consider the discretionary scenario above in which the private sector does not
espouse rational expectations and instead falsely believes the policymaker to
commit to an exchange rate rule. Since the trade union believes the zero-
devaluation announcement, it disregards the inflationary bias and chooses
wt −wt−1 = µ(et−1 −wt−1). To maximize its utility the government sets the
rate of devaluation as in regime D (see eq. [6.16]), but inflation remains at
its precommitment level (πt = µλut). The government avoids the inflation
bias of the previous regime, but improves its external balance goal compared
with the discretionary regime. Government loss in this regime is

ELt = α(λ− 1)σ2
u + αk2 (6.21)

which is equivalent to the loss in the commitment regime: under these cir-
cumstances, private agents can be ’fooled’ for their own good. The defining
characteristics of the four regimes that have been treated above are summa-
rized in Table (6.1).
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Tab. 6.1: Alternative exchange rate regimes

Regime F
The government irrevocably pegs the exchange rate for all t to ε = et−et−1. In
this regime their is no room for any variations in the exchange rate necessary to
offset the random disturbance which the government observes at the beginning
of t.

Regime C
The government binds itself to a conditional exchange rate rule, εt = λut−(1−
µ)(et−1−wt−1). This allows the government to select an appropriate (i.e. loss
minimizing) devaluation in the face of the random shock ut at the beginning
of period t which would otherwise increase the deficit in the current account
by
√
αut. The government does not seek to offset the systematic distortion k.

Regime D
Government cannot commit to an any exchange rate rule. In an attempt to
reduce the current account deficit beyond its target level (due to distortion
k) the government in fact accommodates wage increases that are the result of
higher devaluation expectations and devaluation is augmented by this devalu-
ation bias. The equilibrium level of inflation is augmented by an inflationary
bias compared with the commitment regime’s counterpart.

Regime M
Institutional arrangement analogous to Regime D, but here the trade union
is myopic and does not take into account that the government will have an
incentive ex post to devalue once wages have been set. The government can thus
pursue to offset the distortion k without increasing inflationary expectations.

6.3 Welfare comparison

A comparative static analysis reveals that the excess amount of inflation
in [6.17], (α/aµ)k, is an increasing function of α, the sensitivity parameter
that relates real exchange rate to changes in the current account. Similarly,
the distortion k systematically drives the balance of payments into a larger
deficit. On the other hand, a large preference for stabilizing inflation via
the nominal anchor (large a) reduces ceteris paribus the inflationary bias of
the discretionary regime. When the coefficient of openness µ is below unity
but high, changes in the nominal exchange rate generated by the government
will be effective in terms of the real targets approach, but have the negative
effect of passing through the nominal side of the economy resulting in inflation
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(from [6.18]). The overall effect depends on the parameters. We can see that
in the semi-discretionary regime, the sign of

∂πt
∂µ

=
utα(α− aµ2)

(α + aµ2)2 (6.22)

is negative for α < aµ2. Therefore, if the inflation goal of the government a is
set high enough and the sensitivity coefficient α is low then the government
can end up reducing inflation even after accounting for the compensatory
devaluation.

The results of the static analysis of equilibria under alternative regimes
are listed in Table (6.2). A welfare comparison between the unconditional
fixed exchange rate regime F and the institutionally less restricting regime C
reveals that

E(LCt − LFt ) = −αλσ2
u < 0 (6.23)

This is the unambiguous gain that derives from an optimal stabilization10.
Note also that this gain increases when a is large, i.e., when the potential
gain from stabilization is substantial. Likewise, a comparison between regime
C and D shows that

E(LCt − LDt ) = − α2

aµ2k
2 < 0 (6.24)

which is also negative for all parameter values in their range. The extra
benefit of regime C may be regarded is due to the devaluation bias of pure
discretion.

A comparison between a regime of pure discretion and the simple rule
of a fixed exchange rate does not deliver such clear cut results. Taking the
difference between expected losses shows that

E(LFt − LDt ) = αλσ2
u −

α2

aµ2k
2 (6.25)

where the sign of the equation depends in an obvious way on the values
of α, a, k and σ2

u — the resulting welfare difference remains ambiguous,
depending on the parameter values. If the RHS of (6.25) is positive then
regime D is preferred to regime F in welfare terms, i.e. D � F, and for

10 We refer to this as a “gain” even though the sign is negative because we are comparing
two losses with each other. In this case a negative value reduces the magnitude of the loss,
and is therefore welfare-enhancing.
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Tab. 6.2: Policy outcomes under alternative regimes

Regime bt πt ELt

F b∗ −
√
α(ut + k) 0 ασ2

u + αk2

C b∗ −
√
α(ut + k) +

√
αλut µλut ELFt − αλσ2

u

D b∗ −
√
α(ut + k) +

√
αλut µλut +

α

aµ
k ELFt − αλσ2

u +
α2

aµ2k
2

M b∗ −
√
α(ut + k) +

√
αλut µλut ELFt − αλσ2

u

negative values, F � D. It follows that if the volatility of the random shock
is high enough (measured in σ2

u), then a regime of discretion is the better
choice for improving welfare.

A fixed exchange rate avoids the loss due to the inflation bias of regime D,
measured in terms of k (second term in RHS of [6.25]). On the other hand,
a discretionary regime can offset the negative effects of disturbance u, as
shown in positive term involving σ2

u in the equation above. If random shocks
are large and their random occurrence large, then there exist circumstances
in which the use of discretion would be preferable to the strict rule of a
fixed exchange rate regime. If policymakers are thus granted discretion in
the face of unusually severe shocks (large σ2

u) then social welfare may in fact
be improved. But this comparative welfare gain can only be achieved if the
policymaker is confined to using discretion within the statutory limits of a
semi-flexible exchange rate regime.

6.4 Discussion

Three points can be clarified from the preceding discussion. First of all, the
comparison between eqs. [6.23] and [6.24] show that a the semi-discretionary
regime C always fares better in welfare terms when compared with the fixed
exchange regime F or the discretionary D. This means that flexibility in
the arrangement of an exchange rate regime is a desirable feature in an
environment in which the current account is influenced by unforeseen external
events, such as large swings in the terms of trade. The efficacy of regime C
though, presupposes rigidity in wages and price-setting behavior ex post as
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well as a perceived commitment of this regime. If the use of the exchange rate
can be checked so that any inflation that arises is related to the stabilization
of the current account, then this is the regime of choice. Any excessive anti-
inflation bias (such as in regime F) may be suboptimal in welfare terms.

Secondly, if commitment in regime F or C is not feasible, or not perceived
as credible, then the outcome will be biased towards an inflationary outcome
resulting from the depreciation of the exchange rate. The combination of
limited credibility and a rational private sector inevitably translates into a
devaluation bias when the government discretion cannot be checked appropri-
ately. Any perceived inflationary bias could conceivably be avoided through
institutional discipline, but the rules underpinning this discipline must be
fashioned armor-proof, so that the commitment to a fixed exchange rate
cannot be revoked. The track record of ERBS programs in practice tells us
that there usually are no institutional impediment to alter the exchange rate
when the need arises (the exception being, thus far, Argentina’s program of
1990). Under these circumstances, the adoption of any regime that requires
an amount of restraint regarding the discretionary use of the exchange rate
rates amounts to nothing more than a declaration of good intentions. The
incentive structure under a pegged arrangement may thus lead to periodic
devaluations.

Thirdly, not all regime options may be available to the policymaker. Due
to a combination of specific economic, social and political characteristics of
the country it is conceivable that the exchange rate authority may not have at
its disposal the choice for a semi-discretionary regime. It is then questionable
whether the government can limit the use its exchange rate authority so as
to avoid an imminent devaluation bias. Within the framework of the static
model we observed that the choice between the fixed exchange rate regime F
and one with discretion D is not straightforward since the sign in

E(LFt − LDt ) = αλσ2
u −

α2

aµ2k
2 (6.26)

can be positive or negative, depending on the parameter values. Therefore
the decision which regime to favor is not that clear cut. The greater the
distortion k the government must cope with, the greater will be its temptation
to abuse devaluation, and the less desirable a fixed arrangement will be.
However, under abnormally large swings in the random shock (large σ2

u) a
welfare improvement could be achieved choosing regime D over F if exchange
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rates could temporarily be adjusted to offset the destabilizing effect on the
current account balance. In this scenario then, the goal of disinflation is
secondary to the goal of reducing the external balance. By setting down
an institutional “escape clause” determining exactly when such abnormal
conditions prevail, private agents can adjust expectations accordingly and a
bias can be avoided.11

11 This idea originates from Obstfeld (1997). A regime incorporating escape clauses
may be formulated by assuming that the exchange rate authority follows a simple rule when
the shock ut is small in absolute value and acts with discretion when the absolute value
of the shock is large in order to shield the economy from current account deterioration.



7. REPUTATION

In examining the theoretical implications of ERBS programs, we have thus
far been concerned with a one-time encounter of the private sector and gov-
ernment. Uncertainty entered the model through a random external shock
that influenced the balance of payments in the initial period. This section
adds a different kind of uncertainty by assuming that the government pos-
sesses private information in a game that is enacted over a finite number of
periods. In this model, a weak government uses its information advantage
for strategic purposes by mimicking the optimal policy of a inflation averse
government. The longer the weak government adheres to the fixed exchange
rate, the lower will be the expected rate of devaluation. Under a well-defined
set of expectations, a government committed to low inflation also plays a
strategic role in this model by signaling its commitment through an appro-
priate policy choice. In successive periods, a strong government provides a
valuable signal to the private sector if it sends a signal which its weak nemesis
would not find worthwhile to send.

The incentive to engage in mimicking or signaling activity has implica-
tions on inflation and the external balance and the “reputation effect” that
influence the decisions of both the strong and weak government may allevi-
ate the devaluation bias associated with the time consistency problem faced
by the government in the preceding section. Credibility in an ERBS can
ultimately be achieved if the policymaker worries enough about his reputa-
tion and balances future losses of credibility against immediate prospective
balance-of-payment gains.

7.1 Model structure

The uncertainty that drives the expectation formation process of the private
sector is of the intrinsic sort, i.e., the public is incompletely informed about
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the government’s objectives1. This type of uncertainty is formalized by pos-
tulating that, at the outset of the game, Nature chooses a type of policymaker
with a certain probability. For simplicity there are again only two types of
government which may be categorized by their relative policy objectives, ai
for i = {s, w}. A strong government, labeled Ts, is more concerned with
the distortionary costs of high inflation than a weak government, Tw, whose
objectives are more properly satisfied by a reduction in the current account
deficit. The i-type government’s one-period loss functions in period-t can be
written as

Lit = (b− b∗)2 + aiπ
2
t with i = {s, w} (7.1)

By simplifying notation such that εt = et−et−1 and ŵt = wt−wt−1, these
two policy objectives can be written from [6.2] and [6.5] as

bt = b∗ +
√
α(εt − ŵt − k) (7.2)

πt = µεt + (1− µ)ŵt (7.3)

The nonuniform inflationary preferences of the two governments are mod-
eled by assuming that 0 < aW < aS < ∞. The respective government is
aware of its type throughout the game. It is important to note that in con-
trast with the monetary reputation model, the s-type government values both
a low level of inflation and a balanced external account (i.e., as is non-zero).
Thus by this construction, a strong government can administer a policy re-
sponse inducing a real appreciation of the currency, rather then just fixing
the exchange rate at a preordained level. In this manner it can, under certain
circumstances, successfully separate itself from a weak government.

Wage setters in the non-traded goods sector (organized once again in a
monopolistic trade union) do not know the government’s true identity when
wages are negotiated and the nominal exchange rate is set at the beginning
of period-t. However, the union does possess a prior distribution of the gov-
ernment’s type gleaned from the past record of exchange rate policy captured
in the information set Ωt−1, where Ωt−1 is defined by the past history of the
exchange rate, Ωt−1 = {et−1, et−2, . . .}. The union assesses the probability
that the government is a s-type at t to be θt = prob(Ts|Ωt−1). It is assumed
common knowledge at the start of the game that the private sector attaches
an exogenously determined probability θ0 and 1 − θ0 to the two possible

1 This could be rationalized by assuming that the government has just come to office.
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manifestations of government, Ts and Tw (0 < θ0 < 1)2.
As time proceeds and policy is enacted, θt is revised in light of the ob-

served policy, i.e., if the government sticks to a fixed exchange rate, this
will convey the idea that the government may indeed be strong, which holds
down private sector expectations on inflation. In this way, the government’s
reputation can be identified with the probability θt, with which the union
believes that it is the type which is committed to holding a fixed exchange
rate3.

7.2 Incentives to mimic and signal

This section derives the incentive structure of both the s- and w-type gov-
ernments in a two-period setting. The duration of the game may be thought
of as the period of office of the government. The government’s incentives
are characterized by a policy choice in period one which may deviate from
the optimal, non-strategic level that would otherwise be chosen. This diver-
gence from per period optimal choice involves costs but also benefits in the
form of an increase in reputation. The strong government may try to signal
its preferences in t = 1 to reduce future expected inflation. By choosing
a rate of devaluation, εt = et − et−1, lower than its non-strategic value, a
Ts government can attempt to signal its true preferences. These incentives
make it more difficult (i.e. more costly in terms of welfare loss) for a weak
government to succeed in mimicking the strong government in order to boost
reputation θ2.

In the following, the rate of devaluation for both types of government, εwt
and εst for t = {1, 2} is computed when the respective government completely
disregards the influence that its policy might have on the private sector’s
beliefs about its type. To derive this non-strategic choice of devaluation the
government’s objective function is maximized myopically with respect to the
nominal exchange rate for both periods. From the general form of the two-
period objective function in [4.14] the intertemporal governmental loss V G

w

and V G
s can be derived from the per-period loss functions L1 and L2 in [7.1]

2 To focus on the intrinsic uncertainty aspect of the model, random disturbances do not
occur in the model, so that we set ut = 0, ∀t.

3 Return to Section 5.3.1 for the derivation of θt using Bayes’ rule in the monetary
context.
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as

V G
i = Li1 + δLi2

= α(ε1 − ŵ1 − k)2 + ai(µε1 + (1− µ)ŵ1)2

+ δ
[
α(ε2 − ŵ2 − k)2 + ai(µε2 + (1− µ)ŵ2)2

]
(7.4)

where δ ≡ (1 + r)−1 is the discount factor.4 Since the non-traded sector
fixes wages at the beginning of period t = 1, it is incapable of responding to
the devaluation made after the wage decision. Therefore, setting ŵ1 = 0 for
simplification of algebra does not have any bearing on the following analysis.
Taking first-order conditions of [7.4] and subsequently solving for ε1 and ε2
for both types of government i = s, w delivers the non-strategic policy

εs1 = λsk and εs2 = λ′sŵ2 + λsk (7.5)

for the strong government and

εw1 = λwk and εw2 = λ′wŵ2 + λwk (7.6)

for the weak government. The coefficients are

λi =
α

α + aiµ2 > 0 and λ′i = 1− aiµ

α + aiµ2 (7.7)

for i = s, w. Both governments’ non-strategic choice involve a positive deval-
uation in the first period that tries to offset the distortion k in the current
account, but the strong government devalues the currency to a lesser degree
(since λs < λw), given its relative aversion towards inflation.

In the final period 2, both types of government have nothing to gain
from any strategic activity, since they have then nothing to fear from a lost
reputation. Thus lacking any incentive to mimic or signal, the governments
have a well-defined strategy given by their non-strategic optimal period-2
decision in [7.5] and [7.6] and the wage decision ŵ2 = E(εi2|Ωt−1). In period-
1, on the other hand, the government’s devaluation policy depends on the
information structure it is facing.

4 The simplifying assumption is made here that both types of governments possess the
same discount rate r, resp. discount factor δ. More realistically, one could assume that
the strong, inflation averse government cares more about long-run policy than a weak
government. This would translate into a higher discount factor (i.e. δs > δw).
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7.2.1 Perfect information

Under perfect information the government’s type is known to all players at
the beginning of the game encounter so that the nontradeable sector can
identify unambiguously the type of policymaker it is facing. Rational wage
setting coincides with forming price, or inflationary expectations rationally.
The private sector thus computes wage increases following [7.5] and [7.6] such
that

ŵ2 = Eεs2 =
λsk

1− λ′s
=

αk

µas
for Ts (7.8)

ŵ2 = Eεw2 =
λwk

1− λ′w
=

αk

µaw
for Tw (7.9)

and the full information strategy set can be computed as

εi1 = λik and εi2 =
α

µai
k for i = s, w (7.10)

This result basically replicates the time inconsistent solution of the discre-
tionary regime in the preceding section. In this case, a fixed exchange rate
(ε1 = ε2 = 0) is optimal only if the government gives the inflationary goal an
infinite weight,

lim
ai→∞

εi1 = lim
ai→∞

εi2 = 0 for i = s, w (7.11)

7.2.2 Imperfect information

If intrinsic uncertainty is prevalent, then wage setters are not informed about
the government’s type at the outset of period 2. But both governments enter
period 2 with a posterior distribution θ2 to the event that the government
is strong and this is common knowledge to both players. Since the true
type of government is not known to the public with certainty, the policy
chosen in the first period has potential information value for the wage decision
made in the following period. A weak government, i.e. one that is more
concerned with a balanced current account (aw < as) may use this to its
advantage and tend, at the start of its term in office in t = 1, to act as if
it were not a weak government by nominally devaluing the currency to a
less than full information expectations in [7.9] would warrant. This allows
this type of government to reap the awards of higher reputation in period
1. In order to distinguish itself from its weak nemesis, a strong government
can establish its reputation by opting for a policy that a weak policymaker
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would find too costly to mimic. Thus, both governments’ actions under this
information structure are driven by the desire to obtain a high reputation
θ2 and a concomitant reduction in inflation expectations in period 2. The
outcomes depend on the effects of period-1 actions on the wage decisions of
the private sector. We make the following proposition:

Proposition 7.1: The higher the probability of having a Ts policymaker in
office (i.e., the higher reputation θ2), the lower the rate of increase in wages in
the non-tradable sector. By lowering expectations of a devaluation in period
2 both types of governments reduce their expected loss from an increase in
the privately held belief θ2 that the government is indeed inflation averse
type Ts.

Proof The wage decision for period 2 is made on the basis of

ŵ2 = Eε2 = θ2ε
s
2 + (1− θ2)εw2 (7.12)

Using [7.12] and substituting the second period devaluation levels from
Eqs. [7.5] and [7.6] the wage increase in the non-tradable sector is

ŵ2 =
λw + θ2(λs − λw)

1− λw + θ2(λw − λs)
kµ

=
αk

µ

[
α + asµ

2 + (aw − as)θ2µ
2

aw(α + asµ2) + (as − aw)θ2α

]
(7.13)

For positive values of θ2 the equation above turns negative (when α <

θ2awµ
2 + (1 − θ2)asµ2). The private sector may therefore reduce devalu-

ation expectations and subsequently wage demands in period 2 if there is
even a slight chance that it is facing a strong government. Without any rep-
utation at all on entering period 2, expectations are skewed towards a weak
government. Differentiating this equation with respect to θ2 yields

∂ŵ2

∂θ2
=
αk

µ

[
(aw − as)(α + asµ

2)(α + awµ
2)

(aw(α + asµ2) + θ2α(as − aw))2

]
< 0 (7.14)

By definition we know that as > aw, rendering the expression in [7.14] neg-
ative. Increasing second period reputation has the effect of reducing private
sector inflationary expectations. [q.e.d.]

What are the policies chosen by the two governments when acting strate-
gically? Mimicking a strong government lets a Tw maintain the impression



7. Reputation 118

among wage setters in the nontraded sector that inflation is their primary
target. This increases θ2 and therefore lowers second period expectations.
As long as θ2 is above zero, the optimal policy in period 2 accordingly leads
to a surprise real devaluation5,

εw2 − ŵ2 =
αk

µ

[
(as − aw)θ2µ

aw(α + asµ2) + (as − aw)θ2α

]
> 0 (7.15)

where the magnitude of the ’surprise’ is increasing in reputation θ2. The
high inflation government therefore has an incentive to mimic the inflation
averse government in the first period if this can induce the trade union to
believe that it is indeed a low inflation type (and therefore increase θ2).
Obviously, following a mimicking strategy in period 1 is suboptimal for the
weak government and therefore poses a cost. The decision whether to mimic
or not therefore involves trading off period 1 costs against period 2 (strategic)
benefits.

The incentive structure of the strong government is also influenced by
strategic considerations. As long as the public does not believe it is facing
a strong government with certainty (i.e. as long as θ2 < 1), the optimally
chosen policy leads to a surprise real appreciation of the currency,

εs2 − ŵ2 =
αk

µ

[
(aw − as)(1− θ2)µ

aw(α + asµ2) + (as − aw)θ2α

]
< 0 (7.16)

for θ2 < 0. A higher value of θ2, leading to a lower wage increases, de-
creases the optimal appreciation thus dampening the costs associated with
an enlarged current account deficit. Since the private sector is aware of the
incentives of the weak government, an inflation averse government Ts, when
in office, establishes credibility by revaluing the currency, a measure that
would be too costly for a weak government to mimic. Signaling in such
a manner, however, may not be a desirable option if its costs exceed the
cost of being mistaken for a weak government. Note that if reputation has
been firmly established with θ2 = 1 the strong government refrains from any
surprise appreciation (εs2 − ŵ2 = 0).

5 Recall that et − wt is equivalent to the real exchange rate, since foreign inflation, π∗t
is held at a constant level.
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7.3 Separating equilibrium

The equilibrium concept drawn upon in this policy game is Perfect Bayesian
equilibrium (PBE)6. A strategy profile s̃ ≡ {ε̃st , ε̃wt , w̃t} is a PBE if

1. the strategies chosen during the duration of the game are Nash given
the beliefs and strategies of the other players. This means that in every
period s̃ is chosen optimally for any θt.

2. the posterior beliefs θt are derived from the common prior θ0 and the
observation of government policy. The derivation is based on Bayes’
rule, when it applies.

The first condition implies that wage setters hold rational expectations in
each period:

w̃t = θtε̃
s
t + (1− θt)ρtε̃wt (7.17)

where ε̃st and ε̃wt denote the equilibrium strategies of weak and strong govern-
ment chosen in period t, respectively. Both governments take into account
the effect of its current policy on wage setters’ future beliefs when computing
their optimal policy. This is the source of reputational effects, discussed in
the previous section. The second condition establishes the learning process
in equilibrium. Suppose that in equilibrium, the strong government never
sets the exchange rate above a threshold value ε̄. Let ρ1 ≡ prob(ε1 ≤ ε̄ | Tw)
be the equilibrium probability that the weak type does not devalue below
the threshold value ε̄7. For the two-period case this process can be specified
as

θ2 = 0 if ε1 > ε̄

θ2 =
θ1

θ1 + (1− θ1)ρ1
if ε1 ≤ ε̄ (7.18)

There are two types of equilibrium that can be the result of the game. In a
pooling equilibrium both types send the same first-period signal,

ε̃w1 = ε̃s1 ⇒ θ2 = θ1 if ε1 = ε̃s1 (7.19)
6 See section 3.3.2 for a general discussion
7 The probability ρ could also be characterized as a statistical index. Seen in this light,

this probability would be determined by factors such as the success rate of governments
which historically have maintained a fixed exchange rate.
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Therefore wage setters are not able to update the prior probability θ1, so
that θ1 = θ2. Given the incentive of the weak government to masquerade
as a strong one, the private sector is not able to extract any information
regarding the government’s type by observing ε1. If, on the other hand,
εs1 6= εw1 , then the private learning process implicit in Condition (2) implies
that when

ε̃w1 6= ε̃s1 ⇒
{
θ2 = 1, if ε1 = ε̃s1;
θ2 = 0 if ε1 = ε̃w1 .

(7.20)

From this definition a separating equilibrium emerges in which the private
sector is able to distinguish between the types from the signal ε1 and revise
beliefs accordingly.

The definition of an equilibrium arising from [7.19] and [7.20] specifies
only how the private sector builds its beliefs from events that occur along
the equilibrium path and is therefore incomplete. Since Bayes’ rule does
not apply for zero-probability, out-of-equilibrium events, any exogenously
determined posterior belief can be admissible. To pin down posterior beliefs
in a preliminary manner it will be assumed for simplicity that

θ2 = 0, if any out− of − equilibrium policy is observed. (7.21)

In order to find a suitable candidate s̃ for a separating equilibrium we
derive conditions that an equilibrium must satisfy, given the constraints on
the governments’ incentive structures.

Consider first an inflation averse Ts government. We know from [7.21] that
all other policies other than ε̃s1 (i.e. also those not on the equilibrium path)
induce the private sector to set θ2 = 0. Therefore, with the prospect of having
reputation completely destroyed in period 2, the only viable alternative for
Ts must be to pursue the non-strategic optimal policy εs1 = λsk ≡ ds. So the
policy ε̃s1 is an equilibrium if

V G(ε̃s1, θ2 = 1) ≤ V G(ds, θ2 = 0) (7.22)

We also know that the nominal devaluation chosen in a separating equilib-
rium by the strong government, ε̃s1, is less than the nonstrategic value ds.
Only by depreciating the currency by less than it would have found under
perfect information unambiguously reveals its type and consequently lowers
the incentive for the private sector to increase devaluation expectations in
the future.
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Turning now to the Tw government, we know that in a separating equi-
librium it will always choose its short-run discretionary policy λw ≡ dw, so
that

ẽw1 = dw (7.23)

Since the weak government reveals itself in this equilibrium, wage setters
in the non-traded sector observe ε̃w1 and attach a posterior probability of
zero to the event that the government is a low inflation Ts type, i.e. it sets
θ2 = 0. For ε̃w1 to be an equilibrium there must be no incentive for the
weak government to mimic the perfect information strategy ds of the strong
government. Therefore,

V G
w (ds, θ2 = 1) ≥ V G

w (ε̃w1 , θ2 = 0) (7.24)

must hold in this case. The “truth-telling” constraints” of Eqs. [7.22] and
[7.24] ensure that both governments reveal their true identity in equilibrium.
The existence of a separating equilibrium means that the intertemporal loss
V G
s incurred by a strong government for the sake of signaling its type (i.e.
ε̃s1 < ds) must be less than the loss associated with the non-strategic deval-
uation ds ([7.22]). This inequality sets an upper bound on values for ε1 for
which a separating equilibrium is the result of the game. Appendix B.5.1
shows that the upper bound is a range such that

Smin ≡ λsk(1−Ψs) ≤ ε1 ≤ λsk(1 + Ψs) ≡ Smax (7.25)

In a similar way, condition [7.24] states that for the weak government
the loss associated with an initially lower rate of depreciation for reputation-
building must exceed the short-term benefit of playing the preferred Tw-
strategy, dw. From this inequality Appendix B.5.2 derives a lower bound on
plausible equilibrium strategies,

Wmin ≡ ε1 ≤ λsk(1−Ψw) and ε1 ≥ λsk(1 + Ψw) ≡Wmax (7.26)

where

Ψi ≡

√
aiδ(as − aw)[α(as + aw) + 2asawµ2]

awasµ
> 0 (7.27)

From the definition of as and aw it is known that λw > λs and, therefore,
Ψw < Ψs. It follows that for the range of values

Smin < Wmin < ds < Wmax < Smax (7.28)
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holds. For the strong government the range of values for ε1 defined in [7.25]
the incentives are strong enough for the government to depreciate by less than
would have been chosen under perfect information. Note that the optimal
range for signaling behavior of the Ts-government is an increasing function of
the difference between as and aw. Thus the larger the divergence in inflation
preferences between the two manifestations of government, the less costs the
strong government must incur to signal its type. For the weak government,
[7.27] defines a range of values for which it is optimal for the weak government
to reveal its type by choosing its non-strategic policy choice εw1 = λwk in the
first period.

Possible candidates for a separating equilibrium s̃ are defined by the in-
tersection of the three ranges

[Smin, Smax] ∩ (−∞,Wmin] ∩ [Wmax,+∞) (7.29)

Since as > aw and therefore λs < λw the set in [7.29] is non-empty (see
Appendix B.5.3). This taken together with [7.28] leads to the following
proposition:

Proposition 7.2: Assume that s̃ is a separating equilibrium. Then in this
equilibrium a strong government chooses an exchange rate in the range εs1 ∈
[Smin,Wmin] and a weak government chooses εw1 = λwk.

Proof First, it is necessary to establish that a weak government’s opti-
mal choice in a separating equilibrium is ε̃w1 = dw. To see why, note that in
a separating equilibrium, wage setters expect an exchange rate of

ŵ2 =
αk

µas
(7.30)

and these expectations are correct in equilibrium. But this is the most un-
favorable wage increase for the weak policymaker, because ŵ2 is increasing
in
[
αk
µas
, αk
µaw

]
(from [7.13]). Since expectations and subsequently overall loss

cannot be reduced any further with a value εw1 6= dw, the only viable choice
for a weak government is εw1 = dw.

Now turn to the strong government. It is necessary to show that values of
ε1 in the range [Wmax, Smax] do not constitute a separating equilibrium. For
the strong government, a devaluation in the lower range [Smin,Wmin] strictly
dominates any value of ε1 in the upper range (because the costs of inflation
are excessively high). A devaluation in the higher range of values is therefore
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not viable for a strong government8. Using the same argument from the
preceding paragraph, any value of ε1 ∈ [Smax,Wmax] is suboptimal also for a
weak government, so we can rule out these values from the start.

Secondly, in a separating equilibrium the value of ε̃s1 cannot be less than
Smin. For otherwise it would be more favorable for a Ts-government to choose
the non-strategic value ds, even if he thereby forgoes any strategic advantage
(since the private sector believes him to be weak with certainty, θ2 = 0). This
follows from the way Smin was derived in [7.22]. Also, one can establish the
fact that εs1 cannot exceed Wmin in a separating equilibrium. For otherwise
a weak government would find it profitable to mimick a strong government
by choosing the same first period exchange rate as the strong government.
The private sector would be confident that it faces a strong government with
certainty (θ2 = 1), thus improving its payoff, as can be seen from [7.24].
[q.e.d.]

7.3.1 Indifference curves

The selection process of a particular equilibrium that meets the requirements
of Proposition 7.2 can be illustrated using Figure 7.1. Generally speaking,
an indifference curve V (ε1, θ2) = V̄ depicts all combinations of first-period
exchange rate ε1 and reputation θ2 that deliver the same overall loss. These
can be algebraically derived in Appendix B.7 using [7.4] such that

Vw(ε1, θ2) = V̄w and Vs(ε1, θ2) = V̄s (7.31)

Two particular indifference curves, V̄ 0
s and V̄ 0

s drawn in Figure 7.1 have
the special property that at the levels of loss associated with these indiffer-
ence curves the strong (weak) government is indifferent between its short-run
strategy ds (dw) and the benefits associated with reputation θ2. Note that
when the governments choose their non-strategic policy ds, resp. dw, the
slope of the indifference curve is zero. At these levels of devaluation the
marginal gain of an unexpected revaluation (resp. devaluation) is zero. At
the left of these points the marginal gain of devaluation is positive, reflected

8 In fact, we can see from 7.25 that Wmax > ds, i.e. the lowest possible value of ε1
in this equilibrium ”window” exceeds the optimal short-run strategy ds (by a factor of
(1 + Ψw)). This means that it makes no sense for a strong government to even consider
reputational benefits for values of ε1 > Wmax, since it can always to better by playing ds.
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Fig. 7.1: separating equilibrium

6

-
0

θ2

ds
ε1

dw

1 r r r r r r r r r r r r

r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r
WminSmin x

a b

c

V̄ 0
s V̄ 0

w

in a downward sloping indifference curve. This is the “trade-off” between the
use of the exchange rate for expansionary purposes and reputation9

The two curves as they have been drawn in the figure, possess the im-
portant feature that they cut the θ2-axis above the point where θ1 = 1. If
this were not the case, then both governments would never have any incen-
tive to act strategically, since any level of ε1 would be associated with full
reputation. Bereft of any strategic interaction, the outcome would be trivial.
The intercept values of V̄ 0

s and V̄ 0
s must therefore be greater than 1 for a

meaningful analysis and this depends on the magnitude of the parameters.
Now consider the following proposition:

9 By extension of the argument, the slope of the indifference curve is negative to the right
of ds, resp. dw, where the exchange rate exceeds the non-strategic choices for devaluation.
Both governments therefore would never rationally choose such high rates of devaluation
because then the marginal gain of reducing the rate of devaluation would be negative. We
can therefore exclude this region from our considerations. This is similar to the argument
we used to dismiss [Wmax, Smax] in Proposition 7.2.
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Proposition 7.3: Let x be some number such that Smin ≤ x ≤ Wmin and
ŵ1 = 0. Assuming that expectations are formed rationally there then exists
a separating equilibrium in which

ε̃1
s = x and ŵ2 =

αk

µas
(θ2 = 1) (7.32)

ε̃1
w = dw and ŵ2 = dw (θ2 = 0) (7.33)

Proof The validity of Proposition 7.3 can be established by using the graph-
ical representation of Figure 7.1. The learning process of the private sector
in [7.18] that governs the evolution of reputation θ2 is represented by the
dotted line. We know from Proposition 7.2 that for a separating equilib-
rium to exist a necessary condition is that the strong government’s choice
of exchange rate must be within the range εs1 ∈ [Smin,Wmin]. One possible
candidate that suffices this condition is εs1 = x, drawn in the figure above.
Furthermore, in this equilibrium the weak government separates itself from
the strong government by choosing dw > x. The weak government has no
economic reason for deviating from equilibrium since the loss at point c is
strictly less than the loss associated with point a (i.e. the lower devaluation
ε1 it would have to submit to in order to achieve a positive θ2). Therefore
when wage setters observe ε1 = x they infer that they are facing a strong
government with certainty, setting θ2 = 1 and ρ1 = 0. Alternatively, on
observing ε1 = dw the public knows with certainty that the government is
weak and sets θ2=0. [q.e.d.]

7.3.2 Refinements of the equilibrium

The equilibrium discussed above is not unique. In fact, any x between Smin

and Wmin are possible choices for the strong government in equilibrium. But
it can be clearly seen that the strong government is better off the closer x
is towards Wmin, for the closer εs1 is to Wmin, the smaller the loss in terms
of first-period targets that the strong government incurs to separate himself
from the weak government. What prevents the Ts-government from deviating
from this equilibrium and selecting a different policy in this direction (such
as x′ > x) is that it would be degraded by the public as a weak government
which follows from the ‘pessimistic’ assumption of out-of-equilibrium beliefs
in [7.21]. A refinement of the equilibrium proposed in Proposition 7.3 leads
to the following proposition:
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Proposition 7.4: Assuming that expectations are formed rationally there ex-
ists a unique separating equilibrium in which

ε̃1
s = Wmin and ŵ2 =

αk

µas
(θ2 = 1) (7.34)

ε̃1
w = dw and ŵ2 = dw (θ2 = 0) (7.35)

Proof The beliefs supporting an equilibrium in which x < Wmin are eco-
nomically implausible, in the sense that they are inconsistent with rational
behavior of a weak government. To see this note that the loss for the weak
government is identical at points b and c10. Therefore, under no plausible
circumstances would it make economic sense for the weak government to
deviate from its non-strategic strategy dw to mimic the policy of strong gov-
ernment. The strong government’s only rationale for not signaling its type
at a lower cost with x′ is the existence of out-of-equilibrium beliefs that are
not reasonable on closer examination11.

To formally rule out strategies such as x that are implausible in equi-
librium, the test of equilibrium dominance (also referred to as the Intu-
itive Criterion) can be invoked. Consider the Perfect Bayesian equilibrium
s̃ = {x, dw} that was established in Proposition 7.3. In this particular equilib-
rium any deviation of the weak government is dominated by its equilibrium
value ε̃1

w = dw. This means that any deviation from this value yields a
higher overall loss than in equilibrium s̃ for the weak government, irrespec-
tive of how private beliefs are revised after the deviation. Equilibrium s̃ fails
the test of equilibrium domination if there exists a policy x′ such that

V G
s (x) > V G

s (x′)

V G
w (dw) < V G

w (x′) (7.36)

Thus x cannot be part of a separating equilibrium if there is another
policy choice x′ which gives a better outcome (i.e. lower loss) for Ts, but
is unattractive for Tw even if it could thereby convince the public that it

10 The less-than-heroic assumption is made that when indifferent between separating and
mimicking the Tw-government is always better off not to mimic.

11 Remember that out-of-equilibrium choice of x′ is actually impossible, so when it does
occur there is no obvious way the private sector should set their expectations — any
equilibrium could be justified with an arbitrary set of beliefs. The pessimistic conjecture
of [7.21] therefore actually reduces the number of equilibria to avoid the non-trivial result
of a policy equilibrium characterized by such beliefs.
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is a strong government with probability θs = 1. The leaves ε̃1s = Wmin as
the unique equilibrium value that a strong government chooses in order to
minimize its loss V G

s . [q.e.d.]

The proposition above establishes a separating equilibrium in which the
strong government is able to signal its policy at the lowest possible cost. We
can therefore posit that the constraint in [7.24] should just be binding.12

7.4 Pooling equilibrium

Up to now the analysis has covered only the case of a separating equilibrium
where the government’s true identity (Ts or Tw) is revealed beyond doubt to
the private sector by its period-1 choice of policy. In a pooling equilibrium,
by contrast, both types choose the same level of devaluation εw1 = εs1 so
the public has no further information on which to discriminate between the
possible types. Specifically, in a pooling equilibrium a weak policymaker
prefers to mimic the strong government by selecting an devaluation rate less
than its non-strategic level, εw1 < dw (with the private sector in ignorance
of its type). This strategy is preferred over choosing εw1 = dw (and being
believed to be weak with θ2 = 0). A strong government must be inclined
to select its equilibrium devaluation close to its short-run strategy choice
ds rather than pursuing a signaling strategy significantly below ds which
would alternatively allow it to distinguish itself unambiguously from its weak
counterpart. Therefore, we can posit the conditions that are necessary to
support a pooling equilibrium as,

V G
w (ε̃w1 , θ2) ≤ V G

w (dw, θ2 = 0) (7.38)

V G
s (ε̃s1, θ2) ≤ V G

s (ds, θ2 = 0) (7.39)

for the Tw and Ts government respectively. Since both types select the same
level of devaluation, the public is unable to elicit the type from observation of
first-period devaluation: the government’s type is independent of its action

12 The Appendix shows that when W (ε1) = 0 (i.e. when in [B.25] the equality sign
holds) then

Wmin = λsk

[
1−

√
awδ(as − aw)[α(as + aw) + 2asawµ2]

awasµ

]
(7.37)
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(compared with the separating equilibrium). The exchange rate decision in
period 1 therefore provides no further information on which to revise beliefs.
Assuming passive conjectures (see Section 5.2.1), the prior beliefs remain
unrevised upon entering the second period with θ1 = θ2. Second-period wage
increases that are made on the basis of this measure of reputation are

ŵ2(θ2) =
αk

µ

[
α + asµ

2 + (aw − as)θ1µ
2

aw(α + asµ2) + (as − aw)θ1α

]
(7.40)

from [7.13].
The solution to this problem involves deriving regions of ε1 for which the

above inequalities are true and subsequently, deriving a set of devaluation
rates for which a pooling equilibrium is deemed plausible for both the strong
and weak government. Appendix B.6.1 and B.6.2 derive algebraically a region
P̄ for which both inequalities in [7.38] and [7.39] hold,

P̄ = [Wmin,Wmax] ∩ [Smin, Smax] (7.41)

Furthermore, Appendix B.6.3 shows that the set P̄ is non-empty when

Smax > Wmin (7.42)

This establishes the necessary condition for the existence of a pooling equi-
librium for certain values of θ1. This inequality condition can be written
alternatively as

(λs − λw) + Ψ′(λs
√
as + λw

√
aw) > 0 (7.43)

where

Ψ′ ≡
(α + a2

w)
√
θ1δ(as − aw)[2aw(α + asµ2) + θ1α(as − aw)]
awµ [aw(α + asµ2) + θ1α(as − aw)]

> 0 (7.44)

The first term in [7.43] is always negative (because as > aw by definition) and
the second always positive. Both depend on the difference between as − aw.
Looking at the first term, we can therefore posit that if inflation preferences
of the two types of governments are close to each other (i.e. when λs − λw
is close to 0), then a separating outcome is more likely. In a similar vein,
if the economy exhibits little distortion k, then the incentives for the weak
government to masquerade are diminished and accordingly, it will rather not
invest in reputation.

The following proposition can then be made,
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Proposition 7.5: Assume that s̃(ε̃w1 , ε̃s1) is a pooling equilibrium. Then for a
given prior reputation 0 < θ1 < 1 it holds that ε̃w1 = ε̃s1 ∈ P̄ .

Proof With the governments sending the same signal, the private sector
has no means to infer the government’s type from ε1 and therefore wages are
modified according to [7.40] (which is a function of the prior θ1 = θ2). To
demonstrate that pooling equilibria are uniquely associated with the set P̄
suppose for a contradiction that ε1 /∈ P . In this case, at least one type of
policymaker (i = s, w) would opt to choose his non-strategic policy ε1 = di,
even if in so doing he would expose himself as weak with θ2 = 0 and subse-
quently completely forfeit any reputational advantage (this follows directly
from the conditions in [7.38] and [7.39]). Since either Ts or Tw could reduce
their overall loss by deviating from the equilibrium, a pooling equilibrium
with ε1 /∈ P must be rejected. [q.e.d.]

Fig. 7.2: Pooling Equilibrium I
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A pooling equilibrium can be illustrated in Figure [7.2], which relies on
the same indifference curves, V̄ 0

s and V̄ 0
w that were derived in the preceding

section. Again, the dotted lines depict the learning process of the trade union.



7. Reputation 130

By construction of the indifference curves in [7.2] it can be seen that for any
value of the exchange rate below the threshold Wmin, the weak government
would be better off choosing its non-strategic value dw, so that no pooling
equilibrium is stable belowWmin. Due to the mimicking incentives of the weak
government, a strong government will refrain from choosing an exchange rate
in excess of ds. Therefore, a particular equilibrium corresponding to ε1 = y

qualifies as a candidate for a pooling equilibrium.

Proposition 7.6: Assume that P̄ is non-empty. Let y be some number such
that such that Wmin ≤ y ≤ ds. Then there exists a pooling equilibrium with
the following properties,

ε̃1
s = ε̃1

w = y and θ2 =
{
θ1, if Wmin ≤ ε1 ≤ y;
0 otherwise.

(7.45)

It follows from this proposition that the trade union sets its wages according
to

ŵ2(θ2) =


αk

µ

[
α + asµ

2 + (aw − as)θ1µ
2

aw(α + asµ2) + (as − aw)θ1α

]
, if Wmin ≤ ε1 ≤ y;

αk

awµ
otherwise.

(7.46)

Proof To confirm that y is indeed the exchange rate chosen in equi-
librium, it is necessary to consider whether any type of government would
prefer to deviate from this equilibrium, given the private learning process
implied by ŵ2. Note that the equilibrium exchange rate-reputation (y, θ1)
combination corresponds to point (a) in the figure above. The only viable
deviation for the weak government would be dw, taking the government to
point (c) in the graphic which lies on a higher indifference curve. This would
put the government at a disadvantage compared with the equilibrium com-
bination. In similar terms, a strong government cannot gain by deviating to
a higher level of devaluation since any ε1 > y would cause the private sector
to believe it is weak with (θ1 = 0). [q.e.d.]

The above proposition implicitly defines a set of pooling equilibria for
ε1 ∈ [Wmin, ds]. The question remains whether the beliefs accompanying
the strategies under Proposition [7.6] are intuitively sensible. First, note
that V s

G is strictly decreasing ceteris paribus in ε1 for ε1 ≤ ds. Therefore
it is possible to reason persuasively that irrespective of private beliefs, the
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exchange rate y is strictly dominated by any strategies such that y < ε1 <

ds. By similar reasoning the weak government would incur lower costs by
selecting a ε1 < y < dw. The private beliefs in Proposition [7.6] are therefore
unreasonable, since both governments will gain by pooling at an exchange
rate above y. Following this line of reasoning we can single out ε1 = ds as
the only candidate for a pooling equilibrium. Since both governments choose
the identical exchange rate ds, the private sector cannot infer their type and
private beliefs are

θ2 =
{
θ1, if ε1 = ds;
0 otherwise.

(7.47)

This unique pooling equilibrium is illustrated in Figure [7.3]. By removing
dominated strategies from the list of possible candidates modifying beliefs in
accordance, we have reduced the number of sensible equilibria quite consid-
erably.

We can go further than this. To rule out formally this last equilibrium
(corresponding to point (a) in Figure [7.3]), we invoke once again the Intu-
itive Criterion (see Section 5.2.1.1 for elaboration) to examine whether this
particular equilibrium is supported by implausible beliefs. Consider the
equilibrium corresponding to point (a) where εs1 = εw1 = ds and 0 < θ2 < 1.
Assume now hypothetically that the strong government incurs a lower ex-
pected loss at point (b) than at point (a), i.e.,

V s(εs1 = z, θ2 = 1) < V s(εs1 = ds, θ2 = θ1) (7.48)

Note that the exchange rate corresponding to point (b) occurs off the equi-
librium path, in other words a signal that no government type would send
in equilibrium, given the beliefs as dictated in [7.47]. Then it is possible to
make the following statements:

1. From the definition of [7.48] we can see that a strong government
would fare better by choosing εs1 = z and being believed to be strong
with θ2 = 1 than choosing ds in the proposed equilibrium.

2. The weak government would do worse by choosing z rather than ds,
since point (b) lies on V̄ 0

w , the indifference curve that also goes through
point (c). Thus, regardless of the inferences drawn by the private sector
(i.e. even if he were believed to be strong with θ2 = 1), the weak
government would never choose z.
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Fig. 7.3: Pooling Equilibrium II
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Assuming that [7.48] holds true, it follows that the equilibrium involving
point (a) does not pass the Intuitive Criterion since

V s(ds, θ2 = θ1) > V s(z, θ = 1)

V w(ds, θ2 = θ1) < V w(z, θ = 1)

allowing us to reject this remaining equilibrium13.

7.5 Welfare comparison

In the two-period model examined above we were able to establish that for
a strong government to successfully separate itself from its weak counterpart
it must choose actions that make it entirely unprofitable (i.e. measured in

13 It is worthwhile noting that in the equilibrium associated with point (a), the out-of-
equilibrium signal ε1 = z is strictly dominated for the strong government when we accept
that the original beliefs set forth in [7.47] are valid.
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loss terms) for the weak government to copy. Therefore, even for the even-
tuality that the Ts government is correctly identified by the private sector
after observation of the period-1 exchange rate, the period-2 action taken in
equilibrium involves an exchange rate lower than would have been chosen in
the complete information case. This means that the reputational incentives
tend to reduce the devaluation bias of the strong government, a bias that
made the discretionary regime of the preceding Chapter 6 entirely subop-
timal. Perhaps more apparent, the incentives of the weak government to
mimic a strong government in order to reap the awards of reputation also
put a downward bias on the rate of devaluation. But the fact that reputa-
tion does matter can also work the other way around if it so costly that it
makes it prohibitive for the weak government to invest in, thus breaking a
possible separating equilibrium (with the weak government choosing dw in
both periods). And irrespective of the government’s type, we know that a
lower rate of devaluation will deteriorate the current account balance, thus
reducing welfare.

The observation that the information structure of the game-setting is
decisive for the outcome has a direct bearing on the level of welfare, as
measured in terms of loss. In particular, it can be informative to compare
the government’s losses in a game of incomplete information to the losses
when when complete information is assumed. Returning to Section 7.2, it is
possible to compute the respective intertemporal loss from [7.4] by inserting
the full information strategies of εs1, ε

w
1 , ε

s
2, ε

w
2 and ŵ2 from Eqns. [7.8] to

[7.10]. This results in

V s
C = αk2

[
(α + asµ

2)δ
asµ2 +

asµ
2

α + asµ2

]
(7.49)

V w
C = αk2

[
(α + awµ

2)δ
awµ2 +

awµ
2

α + awµ2

]
(7.50)

where the subscript C denotes complete information.
By the same method the two-period loss associated with the separating

equilibrium (subscript SE) can also be calculated. According to Proposition
[7.3], we know that a strong government will choose εs1 = x ∈ [Smin,Wmin] so
that

V s
SE = αk2

[
(α + asµ

2)δ
asµ2

]
+ α(x− k)2 + xasµ

2 (7.51)
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= V s
C +

[α(x− k)2 + xasµ
2]2

α + asµ2 (7.52)

A weak government’s optimal first period policy is εw1 = dw so we can write
the intertemporal loss as

V w
SE = αk2

[
(α + awµ

2)δ
awµ2 +

awµ
2

α + awµ2

]
(7.53)

= V w
C (7.54)

Eqn. [7.51] illustrates that under the assumptions of the model, a strong
government does not gain from the presence of incomplete information, if a
separating equilibrium is the outcome of the game. The mimicking threat
of the weak government makes it necessary for the strong government to
expand the deficit in the current account by devaluing the currency to a
lesser degree (since x < ds) than it would have done if the private sector
were fully informed about its type. Nevertheless, although this is the price
the government has to pay to break the reputational incentives of the weak
government, the signaling incentive does tend to have the effect of reducing
the first-period inflationary bias of the strong government. This effect can
be seen by noting that first-period inflation under incomplete information,
π1,C , is lower than under complete, π1,S, so that

π1,C − π1,SE = µ(ds − x) > 0 (7.55)

since x < ds under all parameter constellations. The weak government,
on the other hand, does no better in the separating equilibrium, since by
definition this type chooses the short-run first-period strategy ε1 = dw in
both complete and incomplete information settings.

The strong government’s loss associated with the ‘refined’ pooling equi-
librium (subscript P) in which both governments choose εs1 = εw1 = ds with
0 < θ1 < 1 can be derived as

V s
P =

αk2asµ
2

α + asµ2 +
δk2as(α + awµ

2)2(α + asµ
2)

µ2[aw(α + asawµ2 + θ1α(as − aw)]2
(7.56)

To compare this result with the level of welfare achieved under full informa-
tion, it is convenient to take the difference between [7.56] and [7.49]. The
resulting term,

V s
P − V s

C =

(1− θ1)
δk2α2(as − aw)(α + asµ

2)(αθ1(as − aw) + α(as + aw) + 2asawµ2)
asµ2[aw(α + asawµ2 + θ1α(as − aw)]2
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is positive, meaning that the strong government cannot improve upon the
complete information case when the governments separate. But it can be
substantiated that higher the initial reputation θ1 the strong government
enters the game, the better the result for the strong government, since this
lets it approach the full information loss. We can see this by noting that

∂(V s
P − V s

C)
∂θ1

= −2δk2α2as(as − aw)(α + awµ
2)2(α + asµ

2)
µ2[aw(α + asawµ2 + θ1α(as − aw)]2

< 0 (7.57)

Finally, the informational structure that renders a pooling equilibrium
as the plausible outcome can be favorable for the weak government, again
compared with loss it would suffer under complete information. A weak
government’s loss in the pooling equilibrium is

V w
P =

αk2µ2(αaw + a2
sµ

2)
α + asµ2 +

δk2aw(α + asµ
2)2(α + awµ

2)
µ2[aw(α + asawµ2 + θ1α(as − aw)]2

(7.58)

Taking the difference between [7.58] and [7.50] we come to the expression

V w
P − V w

C =
µ4(as − aw)2

(α + asµ2)(α + awµ2)

− θδk2α(as − aw)(α + awµ
2)(αθ1(as − aw) + α(as + aw) + 2asawµ2)

awµ2[aw(α + asawµ2 + θ1α(as − aw)]2

which can be positive or negative, depending on the parameter values. It can
be seen, though, that the difference V w

P − V w
C is decreasing in θ1, which can

be confirmed with

∂(V w
P − V w

C )
∂θ1

= −2δk2α2aw(as − aw)(α + asµ
2)2(α + awµ

2)
µ2[aw(α + asawµ2 + θ1α(as − aw)]2

< 0 (7.59)

Although the overall effect on welfare is ambiguous, the weak government
undeniably benefits from the lowering of devaluation expectations that results
from the possible presence of a strong government.

7.6 Discussion

Let us briefly interpret the main points of this section and add some caveats.
It was shown that the presence of private information entirely alters the in-
centive structure that the government is confronted with prior to carrying out
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its policy. If signaling incentives are strong enough, a government committed
to low inflation will not only refrain from a devaluation, it will ultimately
revalue the currency (see [7.16]). This movement of the exchange rate would
be too costly for the weak government to emulate, but provides a valuable
signal to the private sector that the government is committed to the stabi-
lization of inflation.14 From Proposition 7.3 it follows that the optimal range
and thus the likelihood of signaling behavior is an increasing function of the
difference between as and aw. This means that the larger the divergence in
inflation preferences between the two types of government, the less costs the
strong government must incur to signal its type. Hence the more likely the
separating equilibrium will be the result of the game.

From a theoretical perspective we can also establish that the reputation
mechanism described in this section does create strong incentives for both
types of government to follow a policy of low inflation. Until the true type of
policymaker is revealed in the final period, intrinsic uncertainty ensures that
inflationary expectations are dampened. This holds true as long as the main
prerequisite of intrinsic uncertainty holds, namely that there is even the re-
mote possibility that the government is the strong type (i.e. θ1 > 0). Accord-
ingly, eq. [7.55] illustrates that the inflationary bias of a strong government
is reduced compared with the full information case. Similarly, a policy of
low inflation can be sustained in the initial period even if a weak government
is in office since there exist reputational “assets” to withdraw from its opti-
mal short-run devaluation until the final period is realized. These findings
therefore suggest that reputational mechanisms that harness discretionary
behavior may in fact act as a substitute for the legislative implementation of
a commitment regime.

However, the incentive to mimic a strong government and thus sustain a
low inflation outcome depends on the time preference and initial assessment
about the government’s type. If there is a high degree of confidence that the
government is strong in the initial period (i.e. large θ1) then this increases
the incentives of the weak type to follow a course of low inflation because
the cost of losing reputation and increasing expected inflation is also higher

14 Chile, for example, revalued its currency twice during its ERBS program beginning
in 1976, in an attempt to demonstrate the government’s resolve in fighting inflation. This
unfortunately did not prevent a balance of payments crisis which ultimately led to its
downfall.
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— this makes a pooling outcome more likely.15 On the other hand, a high
discount rate r may inhibit the inflation-dampening effects of signaling in
the separating equilibrium. To see this note that Smin in [7.25] increases as
we reduce δ. In the limiting case where δ = 0, the exchange rate εs1 chosen
in equilibrium by the strong government is equal to the perfect information
value λsk. This happens to be the highest rate of devaluation that the
strong government would rationally choose. Thus as we decrease δ, the signal
that the strong government must send to ensure separation need not be as
”strong” as would be the case if the future did play a greater role in the
decisions of the government.

The mention of some caveats to the above seems appropriate given the
policy implications. First of all, the macroeconomic model used to chart the
development of the balance of payments and inflation is a stark simplifica-
tion of the underlying process which does not take into consideration other
influencing variables. Thus it would be conceivable to postulate that the
signaling activity of the strong government not be limited to the variation
of the exchange rate, as implied by the model. The imposition of capital
controls or fiscal measures could also be regarded as measures that signal
(albeit at a cost) the determination of the government to abide by a policy
of low inflation. These measures could also be used in combination with each
other to generate a positive influence on private sector expectations.16

Another caveat pertains to the empirical gravity of the arguments sub-
sumed in the macroeconomic relationship between exchange rate, inflation
and external balance. In the equations [7.1] to [7.3] we have assumed im-
plicitly a “trade-off” between the alleviation of an external imbalance and
the stabilization of the inflation rate, where the magnitude of this influence
can be measured by

√
α. This means that the model assumes some influ-

ence of the real exchange rate on the evolution of trade flows — this is the
standard argument found in most textbooks. However, newer studies sug-
gest only a weak link between the movement of the exchange rate and trade

15 This can be rationalized be noting that in the weak government’s loss function in 7.58,
loss decreases as θ1 rises.

16 A model that follows this line of reasoning is Persson and van Wijnbergen (1993).
The authors examine the imposition of wage and price controls in conjunction with a
monetary stabilization program. Their results suggest that these incomes policies support
the monetary side of stabilization by enabling a low-inflation government to signal its type
at a lower cost than a stabilization program that relies solely on monetary instruments.
Such dual approach was successful in Israel’s stabilization of 1985.
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flows. For example, in an empirical study of the Argentinian ERBS of 1991,
Wohlmann (1998) establishes that the influence of relative price changes
on trade flows is not as strong as standard theory would suggest. In fact, the
author argues that the real appreciation was not the main cause of the exter-
nal imbalance that ensued after the exchange rate was fixed. Most likely the
deterioration of trade accounts had a number of causes, such as the strong
growth and restructuring of industry as the economy became more market
oriented in the early 1990s. Thus the magnitude of

√
α may be only small,

depending on economic environment in which the ERBS is enacted.



8. CONCLUDING REMARKS

It has become a well–established ritual to explain what goes wrong when
nothing is supposed to go wrong in developing economies by appealing to
the notion of “credibility” or “political instability”. In this thesis I have
adopted the position that these musings may suffice the needs of journalists
and wayfaring policy-brokers, but for the economist interested at getting to
the bottom of things, the metaphor of credibility rings hollow and poses a
kind of puzzlement. A prime motivation for this thesis has therefore been
a dissatisfaction with the causal explanations for policy failures. But also
the simple curiosity about the role of non-economic entities such as speech,
promises and beliefs has been encouraging and I do not doubt that these
pages will also bear witness to the considerable degree of pleasure I derived
from employing the logical consistency of a theoretical apparatus to these
problems (some find this very hard to believe). In fact, if I had never come to
read the microeconomic textbook of Kreps (1990) or the insightful analysis
of credibility in Sobel (1985), I might have chosen an entirely different
route to analyze credibility. Probably for these reasons, a unifying theme
that runs through the entire thesis is basically methodological in nature. My
aspiration is that the reader will have gained a significantly greater insight
into the problems surrounding credibility and reputation, an insight whose
major content may only be of providing a language to discuss that problem.

The issue of credibility has been confronted by proposing a framework
that links the relevant macroeconomic variables with behaviorial assump-
tions about the key actors in a specific policy setting. We set out the discus-
sion by showing that the mechanisms underlying policy formation are best
idealized as a strategic interaction between a government and private sector.
The game theoretic approach derives its momentum from the rational ex-
pectations school and a growing body of thought (such as the public–choice
school) that envisions the government as rational and self-interested like the
rest of the economy and not a mere puppeteer of optimal policies. There is
a fine line to be drawn from the simple model of stabilization and reform in
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Chapter 2 that relied on rational expectations to the highly technical and
intricate reasoning that was employed in Chapter 7 to examine the reputa-
tional effects of an ERBS. The link to ever more sophisticated methods of
evaluating macroeconomic policy was made possible by using refinements of
the basic Nash equilibrium. This points strongly toward the crucial role of
expectations, but it also uncovers the incompleteness of the rational expecta-
tions concept. In elaborating these fine points I have slightly departed from
the convention of many similar contributions by being very explicit about the
game–theoretical notions of equilibrium, information, and subjective beliefs
that underlie the results.

Of course, by emphasizing theoretical reasoning and paying only lip–
service to case-studies and empirical investigations this undertaking runs the
risk of constituting itself as another high priesthood concerned primarily
with tools instead of facts. I want to stress that an in-depth knowledge of
the empirical relationships, the “hard facts” of political and administrative
reality are profound and many of the case studies that I have banished to
the reference section perhaps underemphasize the role they play in coming
to grips with the fine points of analysis. As one observer succinctly puts it,

When it comes to action, economic theory is only one input among
many. It has to be combined with a grasp of political and administra-
tive feasibility and above all has to take advantage of experience and
observation, not rely wholly on logic. As has often been remarked,
logic can be a way of going wrong with confidence.1

Many of the game theoretic approaches that were discussed could not
hide the fact that they derive their heritage from the study of industrial
economics. But the caveat applies that abstractions which may seem plau-
sible in the study of duopolies are not necessarily plausible in the study of
macroeconomic policy. This means that some of the abstractions necessary
to yield a meaningful game-theoretic analysis are a bit “strained” — the
game-theoretic formulations have been stripped down to the point where it
is virtually only expectations that yield interesting dynamics and insight into
the workings of policy and this puts any generalizations in doubt. For exam-
ple, I admit to feeling uncomfortable about the habitual tendency of much
economic research in this field to rely on highly “stylized” macroeconomic
models to underpin the sometimes very complex interdependencies of modern

1
Cairncross (1992), quoted from McCloskey (1994), p. 50.
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(open) economies. The prime example of this is the Lucas-type output re-
lationship and natural rate hypothesis used extensively in monetary models.
In the ERBS model, I relied on a very simplified relationship between the
real exchange rate and the balance of payments (Eq. [6.2]) — I mentioned
that newer studies put this link into question. Of course these simplifications
are vital if there are to be any results at all within the game-theoretic frame-
work. Through my experiences in “fine-tuning” the ERBS model of Chapter
7, I can attest that juxtaposing a more rigorous macroeconomic framework
under the constraints of a game-theoretic formulation adds a large amount
of complexity for a little amount of novel insight.

One last related point. We observed that the results were extremely
sensitive to apparently minor alterations in the information structure. Thus
in a world of uncertainty, almost any outcome can be rationalized. Under
intrinsic uncertainty, prior beliefs have a major influence on the evolution of
the private sector’s actions, but what their origin is open to debate. One
clue to the origin of common priors and thus of the potential success of
any economic policy relies very often on individual traits of the policymakers
themselves. Harberger (1993) relates the success of policy in certain Latin
American countries to key individuals that were responsible positions. The
influence of these personalities was so strong that “the policy would in all
likelihood have failed (or never got started) but for the efforts of a key group
of individuals, and within that group, one or two outstanding leaders.”2. The
origins of common priors are outside the realm of economic analysis, however
sophisticated its methods may be. Economic reasoning brings us no further
here and there is perhaps still a lot to learn from such disparate fields as
political science and psychology on the issue of credibility. This would speak
for a more interdisciplinary approach than was offered here.

2 See Harberger (1993), p. 343
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A. MONETARY POLICY

A.1 Precommitment solution

When commitment is feasible then the government moves first (von Stackel-
berg leader). Common knowledge of this will mean that

πet = πt (A.1)

once the private sector comes to move. The government’s optimization prob-
lem thus treats private sector expectations [A.1] as a constraint in the maxi-
mization of UG

t . By replacing [A.1] in equation [4.6], the government’s utility
simplifies to

UG
t = −aπ2 − b∆2 (A.2)

First-order conditions for a maximum require that

∂UG
t

∂π
= 2aπ != 0 (A.3)

and it follows that the government’s choice of inflation is πC = 0. Replacing
for πt in equation [4.6] utility is UG

t (πC) = −b∆2

A.2 Discretionary solution

Under discretion the policymaker is not bound by his announcement ”πt =
0”, so he is no longer bound by the credibility constraint in [A.1]. First-order
conditions are derived from [4.6] by taking the first derivative with respect
to π,

∂UG
t

∂π

∣∣∣∣∣
πe=const.

= −2aπ − 2bα2(π − πe)− 2bα∆ != 0 (A.4)

We can see that if expectations can be held to πe = 0 then the marginal
benefit of increased production through (surprise) inflations bα2(π − πe).
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The reaction function πt(πet ) can be derived from the first-order conditions
in [A.4] which delivers the utility-maximizing choice of πt for any given πet ,

πt(πet ) =
α2bπe + αb∆
a+ α2b

(A.5)

With rational expectations the private sector uses equation [A.5] in calculat-
ing its inflation forecast. This means that πet = Eπt = π(πet ). Given these
public perceptions, the government’s best response (maximization of utility)
is given by an inflation level of

πD =
αb∆
a

(A.6)

which corresponds to the time consistent outcome. Utility is computed by
substituting πD for πt and πet in government utility [4.6],

UG(πD) = −a
[
αb∆
a

]
− b[0−∆]2

=
−α2b2∆2

a
− ab∆2

a

= −b∆2

(
α2b+ a

a

)
(A.7)

If public perceptions can instead be held at a level associated with the an-
nouncement, πet = 0, then with [A.5] the inflation level will be

πS =
αb∆

a+ α2b
(A.8)

which is the ”surprise” solution to this policy game. Government utility at
this level of inflation is

UG
t (πS) = −a

[
αb∆
a+ α2

]2

− b
[
α

{
αb∆
a+ α2

}
−∆

]2

= −a
[
αb∆
a+ α2

]2

− b
[
α2b∆
a+ α2b

− ∆a
a+ α2b

− α2b∆
a+ α2b

]2

=
∆2ab[−a− α2b]

(a+ α2b)2

= −b∆2
(

a

a+ α2b

)
(A.9)
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A ”punishment” solution obtains when the government sticks to its an-
nouncement of low inflation, but the private sector expects discretionary
inflation πD. In this case, utility is

UG
t (πP ) = −a[0]− b

[
α

(
0− αb∆

a

)
−∆

]2

= −b∆2

(
a+ α2b

a

)2

(A.10)

A.3 Trigger strategy

In our example of a trigger strategy, the government has two options at
the beginning of period t = 0, after private sector inflationary expectations,
πe0 = 0, have been set. The government prefers option (a) over option (b), if

V G,a = U1 +
∞∑
t=1

( 1
1 + r

)t
U3 > V G,b =

∞∑
t=1

( 1
1 + r

)t
U2 = V G,b (A.11)

Substite for U1, U2 and U3 from eqs. (4.9), (4.8) and (4.11), respectively:(
−b∆

2

ξ

)
+
∞∑
t=1

( 1
1 + r

)t (
−b∆2ξ

)
>

∞∑
t=1

( 1
1 + r

)
(−b∆)2 (A.12)

with a+α2b
a
≡ ξ. The LHS of the inequality above can also be written as(

−b∆
2

ξ

)
+
(
−b∆2ξ

)
−
(
−b∆2ξ

)
+
∞∑
t=1

( 1
1 + r

)t (
−b∆2ξ

)
(A.13)

which is equivalent to(
−b∆

2

ξ

)
+
(
−b∆2ξ

)
−
(
−b∆2ξ

)
+
∞∑
t=0

( 1
1 + r

)t (
−b∆2ξ

)
(A.14)

=
−b∆2

ξ
+ b∆2ξ +

∞∑
t=0

( 1
1 + r

)t (
−b∆2ξ

)
(A.15)

Using the definition of a geometric series,
∞∑
t=0

( 1
1 + r

)t
=

1 + r

r
(A.16)

and after dividing both sides by −b∆2, it is possible to write the inequality
in [A.12] as

−1
ξ

+ ξ +
1 + r

r
ξ >

1 + r

r
(A.17)
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which reduces to the condition used in the text,

r > ξ =
a+ α2b

a
(A.18)

A.4 Reputational indifference curves

To compute indifference curves we first compute the current loss of utility
for any level of of current inflation πτ−1 solving for πτ−1 in equation [5.18],

UG
τ−1(πτ−1) = −aπ

2
τ−1

2
+bwαπτ−1−bwα(1−θτ−1)(1−ρτ−1)πD−bw∆ (A.19)

The weak government is indifferent between (net) current and future utility
when

UG
τ−1(πD)− UG

τ−1(πτ−1) != δUG
τ (θτ > 0)− δUG

τ (θ = 0) (A.20)

where the left-hand side gives the short-term gain of a discretionary policy in
τ−1 and the right-hand side represents future benefits of reputation. Solving
for θ in [A.20] allows us to draw the indifference curve in a (θτ , πτ−1) grid,

θτ (πτ−1) =
1
2δ

(
π

πD

)2
− 1
δ

(
π

πD

)
+

1
2δ

=
(πτ−1 − πD)2

2δ(πD)2 (A.21)

recalling that πD =
bwα

a
.

A.5 Time paths for θt and ρt

The time paths for θt and ρt can be derived from the first-order conditions in
[5.44] via backward induction. In the final period τ , the government reveals
its type with certainty, ρτ = 0 so that [5.44]

θτ =
1
2δ

(A.22)

(this is essentially the result derived in [5.36]). The value for ρτ−1 is derived
by replacing θτ in the above equation with the Bayesian update

θτ =
θτ−1

θτ−1 + (1− θτ−1)ρτ−1
(A.23)
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Replacing θτ with [A.23] in [5.44],

1− θτ−1

θτ−1 + (1− θτ−1)ρτ−1
= 1− 1

2δ
(A.24)

and solving for ρτ−1 yields

ρτ−1 =
(2δ − 1)θτ−1

1− θτ−1
(A.25)

In τ − 1 the indifference condition is

(1− θτ−1)(1− ρτ−1) = 1− 1
2δ

(A.26)

Substituting [A.25] for ρτ−1 results in

(1− θτ−1)
(

1− (2δ − 1)θτ−1

1− θτ−1

)
= 1− 1

2δ

⇒ θτ−1 =
1

4δ2 (A.27)

In a similar fashion, θτ−2 and ρτ−2 can be derived as

ρτ−2 =
(4δ − 1)θτ−1

1− θτ−1
(A.28)

θτ−2 =
1

8δ3 (A.29)

Per induction the time paths for θt and ρt for t = {0 . . . τ} are

θt =
( 1

2δ

)τ+1−t
(A.30)

ρt =

1
2δ
− θt

1− θt
=

1
2δ
−
( 1

2δ

)τ+1−t

1−
( 1

2δ

)τ+1−t (A.31)



B. EXCHANGE RATE POLICY

B.1 Semi-discretionary solution

The equilibrium can be computed by working backwards (in time) start-
ing from the optimal wage decision of the private sector, which is equiva-
lent to the rational expectations of devaluation of the representative trade
union. Since policy is binding and ut is not part of the information set at
time t, the union acts rationally by setting their devaluation expectations to
E{et|Ωt−1} − et−1 = wt − et−1 = κS. Substituting these terms in [6.2] and
[6.5] yields

πt = µ(et − et−1 + π∗t − π∗t−1) + (1− µ)(et−1 − wt−1 + κS) (B.1)

bt = b∗ +
√
α [et − et−1 − κS − ut − k] (B.2)

These expressions for πt and bt are plugged into the government’s prefer-
ence function U g

t , which defines the utility function over κS and κ,

Lt = α(κut − et−1 − ut − k)2 − a[κS + µκut + (1− µ)(et−1 − wt−1)]2 (B.3)

The optimal state-contingent policy rule of the government is computed
by taking first-order conditions of Lt with respect to κS and κ,

∂ELt
∂κS

= E {−2a[µκut + κS + (1− µ)(et−1 − wt−1)} != 0

⇒ κS = (µ− 1)(et−1 − wt−1) (B.4)
∂ELt
∂κS

= E {2αut(κut − ut − k) + 2aµut[µκut + κS + (µ− 1)(et−1 − wt−1]} != 0

⇒ κ =
α

α + aµ2 (B.5)

where the property E{ut|It−1} = 0 and Eu2
t = σ2 has been used. Combining

both terms results in the optimal exchange rate rule

εt(ut, k) = κS + κut =
α

α + aµ2︸ ︷︷ ︸
λ

ut − (1− µ)(et−1 − wt−1) (B.6)
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The current account can now be computed by inserting εt for et − et−1 in
equation [6.2] and making use of the fact that κS = (µ − 1)(et−1 − wt−1).
Inflation is computed in a similar fashion by substituting respectively with
equation [6.5]. The aggregate expected loss ELt can be derived by collecting
the terms for bt and πt and inserting them in [6.1].

B.2 Fixed exchange rate

In the alternative commitment regime the government’s exchange rate is
fixed (and this can be enforced), with et = et−1 for all t. It follows that κs =
κ = 0 and the government’s loss is Lt = α[−ut − k]2. Taking unconditional
expectations and taking note of the fact that Eut = σ2

u results in the expected
loss formula in the text.

B.3 Discretionary solution

In this equilibrium the government cannot commit in advance to a devalua-
tion rule. In this case an equilibrium is defined by the Nash conditions that
both players select a best strategy response to the strategy of the opponent.
In equilibrium the optimal devaluation rule in this regime is derived from the
minimization of Lt given E{et|Ωt−1}(= wt) and ut. This rule εt is computed
first by inserting [6.6] into [6.5] and [6.2]. The resulting expressions for in-
flation and the current account balance are substituted in the government’s
loss function [6.1]. Taking first-order conditions with respect to et and ut
reveal that equilibrium policy must satisfy

α(et−E(et|Ωt−1)−ut−k)+aµ2(et−et−1)+aµ(1−µ)(E(et|Ωt−1)−wt−1) != 0
(B.7)

The representative union thus forms its expectation of the forthcoming policy
et−et−1 on the basis of [B.7]. As above, private information does not include
the realization of ut. The reaction function is derived from these first-order
conditions by solving [B.7] for et − et−1,

(α + aµ2)et = aµ2E(et|Ωt−1) + ut + k) + aµ2et−1 − aµ(1− µ)(E(et|Ωt−1)− wt−1

⇒ et =
(

α

α + aµ2 +
aµ2

α + aµ2 −
aµ

α + aµ2

)
E(et|Ωt−1)

+
aµ2

α + aµ2 et−1 +
aµ

α + aµ2wt−1 −
aµ2

α + aµ2wt−1 +
α

α + aµ2 (ut + k)
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⇒ et − et−1 =
(
λ− aµ

α + aµ2 + 1− λ
)

E(et|Ωt−1)

−λet−1 +
(

aµ

α + aµ2 − (1− λ)
)
wt−1 + λ(ut + k)

⇒ et − et−1 =
[
1− aµ

α + aµ2

]
(E(et|Ωt−1)− wt−1)

+λ(ut + k)− λ(et−1 − wt−1) (B.8)

Taking unconditional expectation of [B.8], and isolating E(et|Ωt−1) = wt,
the wage setter’s decision is

wt − wt−1 =
α

aµ
k + µ(et−1 − wt−1) (B.9)

which shows that wage inflation will be higher the greater the government’s
target of the current account balance. By the construction of the problem, a
government which faces the expectation as given in [B.9] will be motivated to
choose a rate of devaluation et−et−1 that coincides with wt−wt−1. Replacing
[B.9] in [B.7], the equilibrium policy rule under discretion is computed as

et − et−1 =
α

α + aµ2ut +
α

aµ
k − (1− µ)(et−1 − wt−1) (B.10)

The terms bt, πt can be derived by replacing et and wt in the respective
expressions.

B.4 Expected loss

Expected loss for the various regimes examined in Chapter 6 can be computed
by replacing the respective values for bt and πt in the loss function [6.1]. For
example, the expected loss for the discretionary regime can be computed by
taking the values for the current account ([6.18]) and inflation (6.17]),

ELDt = (bt − b∗)2 + aπ2
t

= E

(b∗ −
√
α(ut + k) +

√
αλut − b∗)2 + a

µλut +
α

aµ
k︸ ︷︷ ︸

πt


2

= E

α(ut(1− λ) + k(λ+ (1− λ))2 + a

(
α(1− λ)

aµ

[
ut + k +

λ

(1− λ)
k

])2

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= E

α(1− λ)2

[
ut + k +

λ

1− λ
k

]2

+
aα2(1− λ)2

a2µ2︸ ︷︷ ︸
=α(1−λ)λ

[
ut + k +

λ

1− λ
k

]2


= E

(1− λ)(α(1− λ) + αλ)
[
ut + k +

λ

1− λ
k

]2


= α(1− λ)E
[
u+

k

(1− λ)

]2

(B.11)

which can be written alternatively as

ELDt = α(1− λ)σ2
u +

α

1− λ
k2 (B.12)

since Eut = σ2
u.

B.5 Separating equilibrium

B.5.1 Separating conditions, strong government

The conditions for a separating equilibrium in the exchange rate game are
derived by formulating the inequalities [7.22] and [7.24] and solving for ε1.
For the Ts government, the LHS of [7.22] is

α(ε1 − k)2 + as(µε1)2 + δ
[
α(ε2 − ŵ2 − k)2 + as(µε2 + (1− µ)ŵ2)2

]
(B.13)

with
θ2 = 1, ŵ2 =

αk

µas
and ε2 = λ′sŵ2 + λsk =

αk

µas
(B.14)

(from [7.12] and [7.10]). In analogous fashion the RHS of the inequality can
be computed as

α(λsk − k)2 + as(µλsk)2 + δ
[
ε2 − ŵ2 − k)2 + as(µε2 + (1− µ)ŵ2)2

]
(B.15)

with

θ2 = 0, ε1 = λsk, ŵ2 =
αk

µaw
and

ε2 = λ′sŵ2 + λsk =
αk(α + asµ(µ− 1)− µ(as − aw))

(α + asµ2)awµ
(B.16)



B. Exchange rate policy 152

Taking these terms together, the inequality [7.22] is then

V G(εs1 < λsk, θ2 = 1)− V G(εs1 = λsk, θ2 = 0) =

(α + asµ
2)ε21 − 2αkε1 + αk2 − α

(
αk

(α + asµ2 − k
)2

− asµ
2α2k2

(α + asµ2)2 −

δα

(
αk(α + asµ

2 − asµ+ µaw)
(α + asµ2)µaw

− αk

µaw
− k

)2

+

δas

(
αk(α + asµ

2 − asµ+ µaw)
(α + asµ2)µaw

− (1− µ)αk
µaw

)2

+

δ

αk2 + as

(
αk

as
+

(1− µ)αk
µas

)2
 ≤ 0

The polynomial above reduces by simplification to

S(ε1) = (α + asµ
2)ε21 − 2αkε1+

k2

(
α +

δα2

asµ2 −
asµ

2

α + asµ2 −
δαas(α + awµ

2)2

(α + asµ2)awµ2

)
≤ 0 (B.17)

Solving for the root of S(ε1) yields Smin and Smax,

ε1,1 ≡ Smin ≥ λsk

1−

√
asδ(as − aw)[α(as + aw) + 2asawµ2]

awasµ

 (B.18)

ε1,2 ≡ Smax ≤ λsk

1 +

√
asδ(as − aw)[α(as + aw) + 2asawµ2]

awasµ

 (B.19)

These are the range of values for ε1 for which the polynomial term S(ε1) is
negative and the separating condition [7.22]) accordingly holds. The strong
government will therefore choose a first-period devaluation rate ε1 that is
lower than its perfect information counterpart in the region

[Smin, Smax] (B.20)

B.5.2 Separating conditions, weak government

For the Tw-government, the LHS of the separating condition [7.24] is

α(ε1 − k)2 + aw(µε1)2 + δ
[
α(ε2 − ŵ2 − k)2 + aw(µε2 + (1− µ)ŵ2)2

]
(B.21)
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with

θ2 = 1, ŵ2 =
αk

µas
and

ε2 = λ′wŵ2 + λwk =
αk(α + awµ(µ− 1)− µ(aw − as))

(α + awµ2)asµ
(B.22)

and the RHS of [7.24] is derived from

α(λwk−k)2 +aw(µλwk)2 +δ
[
ε2 − ŵ2 − k)2 + aw(µε2 + (1− µ)ŵ2)2

]
(B.23)

with

θ2 = 0, ŵ2 =
αk

µaw
and ε2 = λ′wŵ2 + λwk =

αk

µaw
(B.24)

The separating condition for the weak government can then be written as

V G(εw1 < λwk, θ2 = 1)− V G(εw1 = λwk, θ2 = 0) =

(α + awµ
2)ε21 − 2αkε1 + αk2 − α

[
αk

(α + awµ2)
− k

]2

− asµ
2α2k2

(α + asµ2)2 −

δα

[
αk(α + awµ

2 − awµ+ µas)
(α + awµ2)µas

− αk

µas
− k

]2

+

δaw

[
αk(α + awµ

2 − awµ+ µas)
(α + awµ2)µas

+
(1− µ)αk

µas

]2

+

δ

αk2 + aw

(
αk

aw
+

(1− µ)αk
µaw

)2
 ≥ 0

Collecting the terms, this expression simplifies to

W (ε1) = (α + awµ
2)ε21 − 2αkε1+

k2

[
α +

δα2

awµ2 −
awµ

2

α + awµ2 −
δαaw(α + asµ

2)2

(α + awµ2)asµ2

]
≥ 0 (B.25)

Solving for ε1 in W (ε1) yields

ε1,1 ≡ Wmin ≤ λsk

1−

√
awδ(as − aw)[α(as + aw) + 2asawµ2]

awasµ

 (B.26)

ε1,2 ≡ Wmax ≥ λsk

1 +

√
awδ(as − aw)[α(as + aw) + 2asawµ2]

awasµ

 (B.27)

defining two regions of values ε1 for which it is optimal for the weak govern-
ment to reveal its identity,

[−∞,Wmin] and [Wmax,+∞] . (B.28)
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B.5.3 Equilibrium strategies

The intersection of the two regions in [B.20] and [B.28] establishes a class
of separating equilibria. A sufficient condition for the existence of an equi-
librium is that the intersection of the regions is non-empty. This holds true
when either Wmin ≥ Smin or Smax ≥ Wmax. Rearranging the terms in [B.26]
and [B.18] shows that

Wmin ≥ Smin

⇒ λw

(
1−
√
νaw

awasµ

)
≥ λs

(
1−
√
νas

awasµ

)
⇒ aw ≤ as

where ν = δ(as−aw)[α(as+aw)+2asawµ2] ≥ 0. Since as > aw per definition
it follows that the condition is always satisfied. The existence of the upper
region can also be established unambiguously since

Smax ≥ Wmax

⇒ λs

(
1 +
√
νas

awasµ

)
≥ λw

(
1 +
√
νaw

awasµ

)
⇒ as ≥ aw

also holds.

B.6 Pooling equilibrium

The conditions which are necessary to sustain a pooling equilibrium are de-
rived in close analogy to the steps that were used to calculate the separating
conditions.

B.6.1 Pooling conditions, weak government

The condition that is necessary to establish a pooling solution for the weak
government is

V G
w (ε̃w1 , θ2)︸ ︷︷ ︸

LHS

−V G
w (dw, θ2 = 0)︸ ︷︷ ︸

RHS

≤ 0 (B.29)

from [7.38]. The LHS can be solved using the expression for the loss from
[7.4],

α(ε1 − k)2 + aw(µε1)2 + δ
[
α(ε2 − ŵ2 − k)2 + aw(µε2 + (1− µ)ŵ2)2

]
(B.30)
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where it has been established in the text that

θ2 = θ1 ⇒ ŵ2 =
αk

µ

[
α + asµ

2 + (aw − as)θ1µ
2

aw(α + asµ2) + (as − aw)θ1α

]
(B.31)

and accordingly,

ε2 = λ′wŵ2 + λwk (B.32)

=
αk

µ

[
θ1µ(aw − as)(1− µ) + α + asµ

2

θ1α(as − aw) + aw(α + asµ2)

]
(B.33)

After the rearrangement of terms, the LHS can be written as

V G
w (ε̃w1 , θ2) = α(ε1 − k)2 + awµ

2ε21

+
δαa2

w(α + asµ
2)

µ2

[
α + awµ

2

aw(α + asµ2) + (as − aw)θα

]
The RHS is derived by noting that when θ2 = θ1 = 0 then

ŵ2 =
αk

µaw
and ε2 = λ′wŵ2 + λwk =

αk

µaw
(B.34)

and the RHS can then be written as

V G
w (dw, θ2 = 0) = αk

[
δ(α + awµ

2)
awµ2 +

awµ
2

α + awµ2

]
(B.35)

Taking the above terms for LHS and RHS together, the pooling condition
for the weak government in [7.38] can be written as a polynomial in ε1,

W (ε1) ≡ V G
w (ε1, θ2)− V G

w (dw, θ2 = 0)

= α(ε1 − k)2 + awµ
2ε21 −

αk2awµ
2

α + awµ2

+ δk2

[
αaw(α + asµ

2)2(awµ2 + α)
µ2(aw(α + as + µ2) + θα(as − aw))

− α(α + awµ
2)

awµ2

]
≤ 0

Solving this polynomial in ε1 yields the following pooling region of devalua-
tion for the weak government,

ε1,1 ≥ dw
(
1−ΨP

w

)
≡ Wmin

ε1,2 ≤ dw
(
1 + ΨP

w

)
≡ Wmax (B.36)

where

ΨP
w ≡

(α + a2
w)
√

awθ1δ(as − aw)[2aw(α + asµ2) + θ1α(as − aw)]
awµ [aw(α + asµ2) + θ1α(as − aw)]

> 0

(B.37)
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B.6.2 Pooling conditions, strong government

The expression for

V G
s (ε̃s1, θ2)︸ ︷︷ ︸

LHS

−V G
s (ds, θ2 = 0)︸ ︷︷ ︸

RHS

≤ 0 (B.38)

can be similarly derived from the general form of the two-period loss function
in 7.4, with θ2 = θ1. Therefore, after replacing ŵ2, ε2, and ε1 with

ŵ2 =
αk

µaw
; ε2 = λ′s

αk

µaw
+ λsk and ε1 = ds (B.39)

the RHS can be written as

V G
s (ds, θ2 = 0) = αk2as

[
δ(α + awµ

2)
a2
wµ

2 +
µ2

α + asµ2

]
(B.40)

Since the public is entirely unaware of what type of government it is facing
in the game (after both types have chosen the same signal ε1), the same term
for the expectations incorporated in ŵ2 (with θ2 = θ1) from B.31 is used to
derive the pooling condition for the strong government. Hence,

ŵ2 =
αk

µ

[
α + asµ

2 + (aw − as)θ1µ
2

aw(α + asµ2) + (as − aw)θ1α

]
and ε2 = λ′sŵ2 + λsk (B.41)

Collecting all the terms together, the polynomial describing the pooling con-
dition is

S(ε1) = α(ε1 − k)2 + asµ
2ε21 + δα

[
αk(λ′s − 1)ω

µς
+ k(λs − 1)

]2

+ δas

[
µ

(
αkλ′sω

µς
+ kλs

)
+ (1− µ)

αkω

µς

]2

≤ 0

with

ς ≡ aw(α + asµ
2) + (as − aw)θ1α

ω ≡ α + asµ
2 + (aw − as)θ1µ

2

and λs and λ′s as defined in the text. As a final step, the roots of S(ε1) are
solved, resulting in

ε1,1 ≥ ds
(
1−ΨP

s

)
≡ Smin

ε1,2 ≤ ds
(
1 + ΨP

s

)
≡ Smax (B.42)
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where

ΨP
s ≡

(α + a2
w)
√

asθ1δ(as − aw)[2aw(α + asµ2) + θ1α(as − aw)]
awµ [aw(α + asµ2) + θ1α(as − aw)]

> 0 (B.43)

Note that ΨP
s and ΨP

w are identical, except for the isolated as, resp. aw term
within the square root. For the special case θ1 = 1, it can be confirmed that
ΨP
i = ΨS

i for i = s, w.

B.6.3 Equilibrium strategies

The inequalites in [B.36] and [B.42] define two distinct exchange rate regions
for Tw and Ts. Depending on the parameter values a necessary condition
for a pooling equilibrium to be the outcome of the game requires that the
intersection of these two regions,

[Wmin,Wmax] ∩ [Smin, Smax] (B.44)

be non-empty. Since for all parameter values (including θ1) it holds that
Smin < Wmin < Wmax, all that needs to be established for the intersection
above to be non-empty is that Smax > Wmin. An intersection and pooling
equilibrium therefore exist when

Smax − Wmin > 0

⇒ λsk(1 +
√
asΨ′) − λwk(1−

√
awΨ′) > 0

⇒ λs − λw + Ψ′(λs
√
as + λw

√
aw) > 0

where

Ψ′ ≡
(α + a2

w)
√
θ1δ(as − aw)[2aw(α + asµ2) + θ1α(as − aw)]
awµ [aw(α + asµ2) + θ1α(as − aw)]

> 0 (B.45)

B.7 Reputational indifference curves

The general form of the indifference curves V̄s and V̄s introduced in Chapter 7
are derived from [7.4],

V G
s (εs1, θ2)− V̄ =

α(ε1 − ŵ1 − k)2 + as(µε1 + (1− µ)ŵ1)2

+ δ
[
α(ε2 − ŵ2 − k)2 + as(µε2 + (1− µ)ŵ2)2

]
− V̄ = 0 (B.46)
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for the strong government’s indifference curve and

V G
w (εw1 , θ2)− V̄ =

α(ε1 − ŵ1 − k)2 + aw(µε1 + (1− µ)ŵ1)2

+ δ
[
α(ε2 − ŵ2 − k)2 + aw(µε2 + (1− µ)ŵ2)2

]
− V̄ = 0 (B.47)

for the weak government, where V̄ is a constant term. These two expressions
are the implicit functions for the indifference curve function that has the
form θ2(εs1, V̄ ) and θ2(εs1, V̄ ) respectively. For the strong government private
sector expectations expressed in ŵ2 are equivalent to

ŵ2 =
αk

µ

[
α + asµ

2 + (aw − as)θ2µ
2

aw(α + asµ2) + (as − aw)θ2α

]
(B.48)

from [7.13]. Second period exchange rate is accordingly

εs2 =
αk

µ


(
1− asµ

α+asµ2

)
(α + asµ

2 + (aw − as)θ2µ
2)

aw(α + asµ2) + (as − aw)θ2α
+

µ

α + asµ2

 (B.49)

These terms are substituted in [B.46] and setting ŵ1 = 0, the resulting term
is

V G
w (εs1, θ2)− V̄ =

α(εs1 − k)2 + asµ
2(εs1)2 + δα


(
1− asµ

α+asµ2

)
Ξk

µΛ
+

αk

α + asµ2 −
αkΞ
µΛ
− k

2

+δas

µ

(
1− asµ

α+asµ2

)
Ξk

µΛ
+

αk

α + asµ2

+
(1− µ)αkΞ

µΛ

2

− V̄ = 0

where

Λ ≡ aw(α + asµ
2) + (as − aw)θ2α and

Ξ ≡ α + asµ
2 + (aw − as)θ2µ

2

The terms in the expression above can be collected and after isolating θ2 (as
well as a bit of rearranging of terms) the equation for the strong government’s
indifference curve for any utility level V̄ can be written as

θ2(εs1, V̄ , Ts) = (B.50)

aw
as − aw

(α + awµ
2)k

αawµ

√√√√ δasα(α + asµ2)
V̄ − (α + asµ2)(εs1)2 + 2αkεs1 − αk2 −

asµ
2

α
− 1


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The procedure is analogous for the weak government, where the second period
exchange rate can be derived as

εw2 =
αk

µ


(
1− awµ

α+awµ2

)
(α + asµ

2 + (aw − as)θ2µ
2)

aw(α + asµ2) + (as − aw)θ2α
+

µ

α + awµ2

 (B.51)

Substituting [B.48] and εw2 in the loss function [B.47] for a given level of loss
V̄ , the indifference curve is

θ2(εw1 , V̄ , Tw) = (B.52)

aw
as − aw

(α + asµ
2)k

αawµ

√√√√ δawα(α + asµ2)
V̄ − (α + awµ2)(εw1 )2 + 2αkεw1 − αk2 −

asµ
2

α
− 1



B.7.1 Indifference curves V̄ 0

The two special indifference curves of Figure 7.1 can be derived mathemat-
ically the following way. First note that for the Ts-government all other
combinations of ε1 and θ2 on this curve yield the same loss V̄ 0

s as the gov-
ernment’s short-run strategy ds. Second, at ds we know from the text that
the government has a reputation θ2 = 0. Therefore, with εw1 = ds and θ2 = 0
second period expectations are such that

ŵ2 =
αk

µaw
(B.53)

and the exchange rate change is subsequently

εs1 =
αk

µaw

[
α + asµ

2 + (aw − as)µ)
α + asµ2

]
(B.54)

Substituting these terms in the loss, V̄ 0
s is computed as

V̄ 0
s =

asαk
2(a2

wµ
4 + (δ(α2 + awµ

2)2)
a2
wµ

2(α2 + awµ2)
(B.55)

As a final step replace the above expression for V̄ in [B.50] and a preliminary,
rough result is

θ2(εs1, V̄
0
s ) =

αawΓ + awasµ
2Γ− 1

α(aw − as)Γ
(B.56)

with

Γ ≡ 1
aw(α + asµ2)

√√√√1− a2
wµ[α(εs1 − k) + asµ2εs1]2

δαk2as(α + a2
w)2 (B.57)
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After some further simplification, the formula for the strong government’s
indifference curve for loss V̄ 0

s is

θ2(εs1, V̄ = V̄ 0
s ) =

aw
(aw − as)λs

1−

√√√√ δαk2as(α + awµ2)2

δαk2as(α + awµ2)2 − a2
wµ

2[α(εs1 − k) + asµ2εs1]2


Using the same technique it is possible to derive the indifference equation

V̄ 0
w for the weak government. With ε1 = ds and θ2 = 0 second-period decisions

for the weak government are

ŵ2 = ε2 =
αk

µaw
(B.58)

and the weak government’s loss is

V̄ 0
w =

αk2(a2
wµ

4 + (δ(α2 + awµ
2)2)

awµ2(α2 + awµ2)
= V̄ 0

s

aw
as

(B.59)

Similarly, the indifference curve for the weak government used in the figures
is derived by using [B.59] in [B.52] as

θ2(εw1 , V̄ = V̄ 0
w) =

aw
(aw − as)λs

1−

√√√√ δαk2(α + awµ2)2

δαk2(α + awµ2)2 − a2
wµ

2[α(εs1 − k) + awµ2εs1]2


B.7.2 Testing the Intuitive Criterion

The test whether the equilibrium where both types of government pool the
exchange rate ε1 = ds requires the equilibrium refinement of the Intuitive
Criterion. This involves comparing the points in Figure [7.3], (a) and (b)
from the viewpoint of the strong government. As discussed in the text, the
pooling equilibrium must be rejected (by virtue of the Intuitive Criterion) if,

V s(εs1 = z, θ2 = 1)︸ ︷︷ ︸
LHS

< V s(εs1 = ds, θ2 = θ1)︸ ︷︷ ︸
RHS

(B.60)

In order to derive the value of the LHS, it is necessary to first calculate
the exchange rate z (associated with reputation θ2 = 1). This is done by
evaluating the weak government’s indifference curve V 0

w at θ2 = 1, i.e.,

θ2(εw1 , V̄
0
w , Tw) != 1 (B.61)
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and solving for z. This leads to

z =
αk

α + awµ2

1−

√
awδ(as − aw)(α(as + aw) + 2awasµ2)

awasµ

 (B.62)

Now we plug z into the LHS of the inequality [B.60] which yields

V s(εs1 = z, θ2 = 1) =

δαk2

[
(α + asµ

2)(α2(a2
s − a2

w) + asaw(α2 + 2asµ2α + a2
wµ

4)
a2
sawµ

2(α + awµ2)2

]

+ αk2

2αµ2(as − aw)
√
awδ(as − aw)[α(as + aw) + 2asawµ2]
awas(α + awµ2)2


+
αk2µ2(αas + a2

wµ
2)

(α + awµ2)2

The RHS of the inequality is simply computed by inserting εs1 = ds and
θ2 = θ1 in the strong government’s loss function,

V s(εs1 = ds, θ2 = θ1) = αk2

[
δas(α + awµ

2)2(α + asµ
2)

[θα(as − aw) + aw(α + asµ2)]2 µ2
+

asµ
2

(α + asµ2)

]



LIST OF SYMBOLS

Note: Equations or other mathematical expressions that are referred to in
the text body will always be set in brackets, e.g. [5.3]. Sections, figures and
tables will be referred to in parentheses, e.g. Section (4.2). In the following
list the time subscript t does not appear with the symbols. For a more
detailed explanation of the following symbols in their context, refer to the
parts of text in which they first appear.

Greek letters

α Sensitivity parameter for the demand of real money balances (Part
1) or real exchange rate (Part 2).

β Another sensitivity parameter for the demand of real money balances
δ Discount factor (for the government); equals 1/(1 + r)
∆ The amount the government prefers an output rate exceeding the

natural rate (∆ ≡ Y ∗ − Y N)
ε Rate of change of the exchange rate (= et − et−1)
θ Prior probability of Nature choosing a strong government
λ Fraction of forecast error (in Section (2.3));
µ Probability assessment of the private sector (Part I). Degree of

openness of the economy (Part II).
π Inflation rate (or equivalently, the growth rate of domestic price level)
πe Expected inflation rate. With the exception of Chapter 2, πet is

always identical with the mathematical expectation, Eπ
π∗ Foreign inflation
ρ Probability that a weak government will choose a low inflation rate

(thus mimicking a strong government)
σ2 Statistical variance
τ, τ − 1 Future and current time periods (in a two-stage game)
Ω Information set
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Latin letters, small

a Weight given to inflation in the government’s preference function
b Weight given to the output goal by government (Chapters 4 and 5);

or balance of payments (equivalent to current account) (Chapters
6 and 7)

b∗ Balance of payments target
e Nominal exchange rate
h Expectation function dependent on government behavior (inflation)
k Policy induced distortion
m Growth rate of the money stock
r Marginal product of capital, aka marginal return to investment

(Chapter 4). Otherwise, discount rate
r∗ Alternative return to domestic investment (e.g. foreign investment)
u Disturbance term, random variable with probability distribution
w Nominal wage rate in the non-traded sector (ŵt = wt − wt−1)

centered at zero, constant and finite variance σ2
u

Latin letters, capital

AG, APS Action sets of the government and private sector, respectively
E Expectations operator
G Abbreviation for Government
L Government loss
M Money supply
P Domestic price level
P e
t Expectation of the domestic price level
PS Abbreviation for Private Sector
Ts, Tw Strong, resp. weal type of government
UG Single-period utility of the government
UPS Single-period utility of the private sector
V G Intertemporal utility of the government
V PS Intertemporal utility of the private sector
X1, X2 Policy alternatives
Y Output
Y N Natural rate of output (not necessarily equivalent

to the mathematical expectation)
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