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Abstract

This dissertation aims to study the time consistency problem of monetary policy in
two-country model. We raise two research questions: 1) Is the Friedman rule less likely
to be sustained under cooperation than under non-cooperation when the governments lack
commitment technology? 2) Is delegation more effective to solve the time consistency when
the economy becomes more open?

Chapter 1 describes the motivation, research objectives, methodology, and organization.

Chapter 2 investigates the time-consistency problem of monetary policy under open econ-
omy. We first consider the consequences and the solutions in the general macroeconomic
framework, and then examine the role of open economy in solving the time-inconsistent
monetary policies. Three main consequences have been pointed out in the literature: in-
flationary bias, expectation trap, and free rider. To eliminate the problem, different types
of commitment technologies have been suggested: rules, reputation, maturity structures
of public debt, and monetary delegation method. An open economy sheds more light on
resolving the problem.

Chapter 3 uses a microfounded New Keynesian two-country model to revisit the counter-
productive cooperation when governments cannot commit to their future monetary policy.
When monopolistic distortions are large, the optimal policy under commitment is charac-
terized by the global Friedman rule irrespective of policy regime. The counterproductive
cooperation between governments displays in two aspects: under cooperation, the discre-
tionary outcome may be worse, and the global Friedman rule is less likely to be sustained

than under non-cooperation.



Chapter 4 assesses the effects of openness on the effectiveness of delegation in solving the
time-inconsistency problem of monetary policy. We built a micro-founded New Keynesian
two-country model with a government structure including a government and a central bank.
We explicitly formulate delegation process which allows the government to reappoint the
current central bank with a reappointment cost. Our findings are two-fold: when the economy
becomes more open, a lower threshold of reappointment cost parameter is required for
central bank appointment being sustained and when the reappointment cost is less than such
a threshold, the current central bank is less likely to be reappointed.

Chapter 5 provides conclusions and policy implications.
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Chapter 1

Introduction

1.1 Motivation

In recent years, there have been two sources which call for international monetary policy
cooperation. First, the 2008-2009 financial crisis gives rise to a need for coordination
to recover the world economy. Second, the recent behaviors of major currencies generate
growing concern about adverse spillovers from developed countries into developing countries.
The finance minister of Brazil alarms a currency war in which the major currencies depreciate
against emerging ones. The central banker of India criticizes the unconventional policy in
the U.S. and near-zero interest rate policy in some developed nations.

The economists capture the increasing concern in different dimensions. In terms of
shocks, Coenen et al. (2010) use the New Open Economy New Keynesian to compare the
welfare under cooperation and non-cooperation for a range of typical shocks. Corsetti et al.
(2011) treat news as a type of unconventional shocks and investigate the effects of news
on the optimal cooperation. They find that with the presence of private information, news
could aggravate the informational distortion. Regarding distortions, in addition to canonical
sticky price and monopolistic competition, recent papers have focused on other sources.

Engel (2011) and Rodriguez-Lopez (2011) model the pricing to market distortion in the open



economy; Benigno (2009) and Corsetti et al. (2010) consider financial market distortions;
Bianchi (2011) examines the one caused by current account imbalance. For the zero lower
bound, Fujiwara et al. (2010) study optimal monetary policy under cooperation.

The above New Keynesian literature, however, assumes that policymakers own commit-
ment technology to their announced policies. In reality, even in developed countries, the
governments only have a limited commitment ability. The lack of such ability causes a time
consistency problem pioneered by a seminal contribution of Kydland and Prescott (1977). In
the context of monetary policy, Barro and Gordon (1983a) show that this problem leads to an
inflationary bias which then becomes a workhorse of monetary policy analysis as well as a
major concern of modern central bank whose ultimate goal is to fight inflation. Putting this
problem under the open economy, it is natural to ask whether cooperation helps to reduce the
bias. Rogoff (1985a) extends the model of Barro and Gordon to a two-country model and
points out that cooperation might be counterproductive. Although this result is striking, his
theory based on ad hoc objectives for policymakers. It is more reasonable to reflect the actual
goals of monetary authorities by using a more descriptive objective function which is derived
from a micro-founded framework. In response to this requirement, several remedies are
proposed to eliminate or mitigate the inflationary bias by dealing with the ability to commit.
Rogoff (1985b) proposes that delegating monetary policy to a conservative and independent
central banker could remove the inflation bias. Subsequent papers develop this idea and
establish a research line of monetary delegation method (Walsh, 1995; Jensen, 1997). These
papers rely on ad hoc utility function and focus on the closed economy.

Given the growing concern about the international monetary policy cooperation and the
development of literature on the New Keynesian open economy model, this dissertation
aims to revisit the counterproductive cooperation and to access the effectiveness of monetary
delegation method in solving the time consistency problem under a New Keynesian two-

country framework.



1.2 Research objectives

This dissertation consists of three main chapters which have different research objec-
tives. The achievements of these research objectives represent our contributions. Chapter 2
investigates the literature on the time consistency problem in open economy. It shows the
consequences and the solutions to the problem in a closed economy and then compares the
effectiveness of the solutions with those in open economy. This chapter also figures out what
has not yet been done in studying the time consistency in the open economy.

Chapter 3 revisits the counterproductive cooperation. It compares the sustainability
constraints under various policy regimes to see whether the Friedman rule is less likely
to be sustained under cooperation than under non-cooperation when the governments lack
commitment technology.

Chapter 4 assesses the effectiveness of monetary delegation method to solve time consis-
tency problem in open economy in two aspects. First, it examines that effect of openness of
an economy on the lower threshold of reappointment cost parameter to keep the Friedman
rule sustained. Second, it compares the conditions for the Friedman rule being sustainable

when the economy becomes more open.

1.3 Methodology

Chapter 2 of this dissertation surveys a literature on the time consistency problem in
the open economy framework. The last two essays use a Dynamic Stochastic General
Equilibrium method (DSGE). We develop a New Keynesian open economy model with
utility optimizing households, imperfect competition in the goods market, and one-period
sticky price. These models are elaborate in their microfoundation but simple enough to derive
analytical solutions.

In Chapter 3, we use Arseneau (2007, 2012)’s model to derive the conditions for the

Friedman rule being sustained when the governments cannot commit to their future policies



under various policy regimes. These sustainability conditions correspond with some sets
of discount factor. The bigger the set is, the more sustainable the Friedman rule is. By
comparing the sets under different policy regimes, we can show under which regime the
Friedman rule is more likely to be sustained.

In Chapter 4, we extend Basso (2009)’s model to a two-country model. A governmental
structure includes a government and a central bank. Instead of directly setting a monetary
policy, the government initially appoints a central bank and then can replace to a new central
bank with some reappointment cost after prices are set by firms. With an absolute value
reappointment cost function, there exists a lower threshold of reappointment cost parameter
to restore the Friedman rule as a solution under discretion. This threshold is a decreasing
function of openness. When the reappointment cost parameter is lower than such a threshold,
we derive the sustainability constraints of the Friedman rule under the open and show that

these constraints are more likely to hold when the economy becomes more open.

1.4 Organization

Chapter 2, entitled "Time Consistency Problem of Monetary Policy under Open Econ-
omy: A Survey", investigates the time-consistency problem of monetary policy under open
economy. Chapter 3, entitled "Time Consistency and Counterproductive Monetary Policy
Cooperation in a New Keynesian Two-country Model", revisits the counterproductive co-
operation when governments cannot commit to their future monetary policy. Chapter 4,
entitled "Monetary Delegation and Time-inconsistency in a New Keynesian Two-country
Model", studies the effectiveness of delegation in solving the time-inconsistency problem of
monetary policy in a micro-founded New Keynesian two-country model. Chapter 5 contains

conclusions and policy implications.



Chapter 2

Time Consistency Problem of Monetary

Policy under Open Economy: A Survey

2.1 Introduction

Time consistency has been a workhorse in studying the macroeconomic policy. The
literature on time consistency is pioneered by Kydland and Prescott (1977) who regard the
policymaker as a joint decision maker, maximizing a social utility function. The policy
decision is set sequentially instead of once and for all so that they concentrate on the
credibility of various policy rules. Kydland and Prescott indicate that policy rules which are
optimal at the initial period might not be time consistent because the government can change
such policies after private sectors set prices. Hence time inconsistency refers to a lack of
credibility. The rational private sector will not believe an optimal but time-inconsistent policy
rule unless the government is legally obligated to conduct it. Kydland and Prescott provide
an intuitive explanation for policy surprises induced by the government under discretion.
The reason is that of the difference in the interest between the government and private sector.
Then the government implements its policy to affect the behavior of private sector to achieve

its preferred policy plan. Under a dynamic framework, behaviors of the private agents are



contingent upon the future policies’ expectation. As a result, credibility which features the
ability to alter expectation plays an important role in completing a policy successfully. When
making policy decision sequentially, the government is subject to an incentive constraint
which narrows what the government can obtain and thereby lower the welfare compared to

the case in which the commitment technology is available.

2.2 Consequences of time inconsistency

2.2.1 Inflation bias

Kydland and Prescott (1977) demonstrate their argument with a couple of examples in
different contexts. Among them the monetary policy model with a trade-off between inflation
and unemployment has received much attention due to the popularization by the seminal
work of Barro and Gordon (1983a) which analyze an augmented Phillips curve model with
nominal wage rigidity. When government introduces an inflation rate which is higher than
anticipated, it can cut unemployment below the natural rate. This result arises because the
government sets actual policy after nominal wages are contracted. There exists a trade-off
between inflation and unemployment. The optimal policy is to balance the marginal cost of a
rise in inflation with the marginal benefit of a decrease in unemployment. Because the private
sector understands the government’s incentive, they adjust their expectation accordingly. As
a consequence, equilibrium unemployment still equates to the natural rate whereas there
exists an inflationary bias. This inflationary bias is attributed to the lack of credibility of the

government.

2.2.2 Expectation trap

The lack of commitment may lead to the expectation trap (Chari et al., 1998; Albanesi
et al., 2003). They build a general equilibrium model to reflect the cost-benefit trade-off

between unanticipated and realized inflation as in Kydland and Prescott (1977) and Barro
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and Gordon (1983a)’s setting. This type of trade-off causes multiple equilibria in a general
equilibrium model. Private sector can expect high or low inflation, which dictates their
defensive behaviors. As a consequence, policymaker is trapped to validate such expectations.
Indeed, the monetary authorities might find them optimal to verify a high inflation expectation
when a recession arises from not doing that. When the policymaker chooses to validate,
this self-fulling expectation is labeled as an expectation trap. Albanesi and Christiano
(2001) indicate that expectation trap can generate costly volatility in output and employment
allocations which could be used to explain a substantial drop in output of Mexico in 1995
and of several Asian sovereigns in 1998. One of a critical distinction between Chari et al.
(1998) and Albanesi et al. (2003) is the source of expectation trap. The former relies on
trigger strategies, but this is ruled out in the latter. They both conclude that an institutional

setup which provides a partial commitment can help escaping from expectation trap.

2.2.3 Free riding

Chari and Kehoe (2008) show that in a monetary union, a time inconsistency problem
causes a kind of fiscal free riding problem in terms of non-monetary policies and this leads
to a failure in some monetary unions. The general reason is that free-riding countries set
loose non-monetary policies which are prosper-thy-self but beggar-thy-neighbor and thereby
dictates the central bank to induce high inflationary policies for the union. When a direct
solution to the time inconsistency is not available, solving the free-riding problem also
alleviates the time inconsistency problem. The idea to deal with the free-rider problem is to
constrain the non-monetary policies unitedly. As long as the limitations on the non-monetary
policies exist, the central bank has less incentives to introduce inflation. Note that, such
constraints only mitigate the time inconsistency problem and does not remove it. Chari and
Kehoe apply their argument to three types of non-monetary policies. In line with this survey,

we next summarize how the argument is applied to the fiscal policy. Note that departing from



the current literature, the behaviors of forward-looking private sectors trigger the free-riding
problem when the central bank cannot commit to their future policy.

A simple model includes many economies belonging to a monetary union. The govern-
ment in each economy finances its spending by issuing nominal debt to its inhabitants. The
union’s central bank then sets the uniform inflation rate with consideration on a trade-off
between inflation’s benefits and costs. An increase in inflation lowers the real debt and
hence reduces the tax amounts needed to back up the debt. While this reflects the benefits
of inflation, higher inflation also generates cost due to its allocation distortion and output
reduction. In this model, the benefits outweigh the costs, and thus the central bank attempts
to raise inflation when the debt is higher. When setting its spending, each government
only takes into account the costs of higher inflation imposed on its output but not on other
countries’. Hence, compared with the cooperation case, each government issues an excessive
debt, which causes the central bank to generate excessive inflation. The free-riding problem
can be solved by imposing constraints on the level of debt that a government can issue when

commitment technology is infeasible.

2.3 Solution to the time inconsistency problem

2.3.1 Rules

Kydland and Prescott (1977) argue that under discretion, although using policy rules
cannot achieve the efficient level, it does improve the welfare. This idea is related to earlier
contribution by Friedman (1948) who claims that monetary and fiscal policy should comply
with simple and stable rules. However, Friedman’s contribution is neither analytical nor
quantitative. In contrast, Kydland and Prescott’s model is built on the concept of credibility,
time-inconsistency problem, and a formulation of a game theoretic model. More importantly,
the supporting for rules against discretion is based on the understanding of policies’ effect in

terms of timing and size. Indeed, Kydland and Prescott suggest that when people have the



knowledge of the structure of the economy, the government should obey rules rather than

discretion. The reason is that under discretion the government chooses a suboptimal policy.

2.3.2 Reputation

Backus and Driffill (1985) extend the Kreps and Wilson (1982)’s model to the credibility
problem. In this model, the information is asymmetric in the sense that the private sectors
do not know whether the government induces an inflationary policy or not, and in turn, the
government does not know how persistent the private agent’s wage demand is. The incentive
for cheating prevents any players to reveal their actions credibly. They derived a dynamically
consistent equilibrium that is the solution to the game between government and private agents.
Each player checks the other’s behavior until credibility or lack of credibility is formed. The
interplay between government and private agent generates the output cost of disinflation
which manipulates weak governments as in Barro and Gordon (1983a)’s game to randomize

and hence affect the information obtained by the private sector.

2.3.3 Maturity structures of public debt

Recent papers have used the maturity structures of public debt as a commitment device
to induce an optimal monetary and fiscal policy. Alvarez et al. (2004) and Persson et al.
(2006) put some restrictions on the maturity structure of public debt such that the marginal
benefit of unexpected inflation equals to the marginal cost. These restrictions are modeled to
balance both the temptation of employing inflationary surprise to support public spending and
the temptation of rending a devaluation of the inflation-indexed debt. Liu (2013), however,
shows that this method does not work in a stylized small open economy because how leisure
is formulated in utility function and what process the productivity follows determine the

success of using commitment technology to induce a time consistent solution.



2.3.4 Monetary delegation
Conservative central banker

When a distortion induces a suboptimal market rate of employment, wage setter can
increase wage inflation in order to prevent the central bank from raising employment by
reducing the real wage below its target level. Rogoff (1985b) points out that this time-
consistency problem can be overcome by delegating monetary policy to a central banker
which is conservative but not too conservative. The conservative central banker means the
central bank will put a higher weight than the society does on the inflation in its welfare
function. This appointment lowers the temptation to increase wage inflation whereas distorts
the reactions of the central bank to unexpected shocks such as supply shock. The cost arises
due to the role of central bank in stabilizing inflation and employment around the mean level
determined by the market.

When a central bank imposes an infinite weight on inflation, it can force down the
inflation to the optimal level of the society. However, the central bank unsuitably reacts to
supply shock and then pass the total shock to employment. Hence, a lower weight helps the
society reach a first-order stabilization benefit at the expense of second order inflation. When
supply shock matters, instead of inflation rate another monetary target which is the "most
highly correlated with the society’s ultimate objective function" (Rogoff, 1985b) should be

chosen by the central bank.

Targeting rules

Svensson (1997) proposes the targeting rules in which the government imposes some
penalty on the central bank for defecting from the targeted variable. Under an inflation-
targeting regime, inflation target is explicitly delegated to the central bank whereas em-
ployment target and relative weight on employment stabilization are assigned implicitly. In
the absence of employment persistence, targeting rules dominate the conservative central

banker method in terms of eliminating the inflationary bias. When employment persistence
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is present, this method cannot completely remove the inflationary bias and stabilization bias

by delegating the long-run natural rate.

Contracting method

Walsh (1995) proposes optimal contracts for central bankers based on a principal-agent
problem to eliminate the inflation bias under discretion. The central bank is regarded as the
government’s agent who maximizes an objective function taking as given the government
transferring. The existence of a contract removes the inflationary bias of discretionary policy
whereas guarantees that inflation reacts optimally to supply disturbances. The interpretation
is that since inflationary bias remains constant across the states of the world, a contract
only has to induce a constant amount of the marginal cost of inflation while allowing the
central bank to freely react to economic shocks under discretion. This contract is a kind of
inflation-targeting rule. Equivalently, when the central bank considers both transfer amount
and social welfare, the optimal contract mimics the inflation-targeting rule. By contrast, when
the central bank considers only its transfer amount, the optimal contract acts like a contingent
inflation-targeting rule in which the observed signaling of supply shocks determines the
target. This contracting method implies that targeting rules of the type that is frequently
observed might help to ease inflation bias whereas restoring the strength of discretionary
policy.

However, McCallum (1995) criticizes the monetary delegation method: Delegation
cannot resolve the time consistency, but merely postpones it. There are arguments for and
against this criticism. Proponents are Jensen (1997) and Bilbiie (2011), while opponents are

Driffill and Rotondi (2006) and Basso (2009).
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2.4 The role of the open economy in resolving the time in-
consistency

There is a vast literature on a two-country game-theoretic approach to address the is-
sue of policy cooperation pioneered by Hamada (1976) who analyzes strategic monetary
interdependence under a fixed exchange rate regime. Subsequent studies employed this
technique from the static game theory and found that Nash equilibrium can be over-loosening
or over-tightening relative to the cooperative equilibrium depending on the policy transmis-
sion mechanism, the kind of shocks and the targets of policymakers. The concentration of
research shifts to the dynamic game theory with an intertemporal feature (Oudiz and Sachs,
1984; Currie and Levine, 1985; Miller and Salmon, 1985) and also highlights the importance
of time-consistency issue. Given the development of literature on the two-country model and
the solutions to time consistency, it is of relevance to compare the severity of consequences
and the effectiveness of solutions between closed and open economy, but this has received
less attention from the existing literature.

Laskar (1989) extends the one-country model of Rogoff (1985b) into a two-country
model and documented that conservative central bankers might aggravate the welfare of both
countries without monetary cooperation. The explanation is that the fear of the inflationary
effects generated by the real depreciation hinders the governments from raising money growth
rate high enough. When assigning a higher weight on the inflation objective, conservative
central bankers exacerbate this fear and thus increase the inefficiency of equilibrium under
non-cooperation. Using a similar model, Alesina and Grilli (1991) also point out a welfare
reduction when delegating monetary policy in an international framework.

Moreover, putting together the cooperation problem and time-consistency problem gives
rise to counterproductive cooperation as pointed out by Rogoff (1985a). In a closed economy,
the forward-looking wage setters foresee the government’s incentive to induce inflationary

surprise and then demand a higher inflationary wage. When the economy is open, a deprecia-

12



tion potential of exchange rate imposes an additional constraint on the government’s decision.
However, the cooperation agreement eliminates this exchange rate constraint, and hence both
governments end up with high inflation. This causes higher inflation and lower output under
cooperation than under non-cooperation.

This literature continues growing by taking into account a microfoundation of economic
behaviors as well as modeling of cooperation problem (Arseneau, 2012). Under cooperation,
each government maximizes its residents’ objective function when seeking for the optimal
policy, whereas cooperative governments jointly maximize a weighted average of welfare.
Hence, instead of balancing output-inflation trade-off in an ad hoc model, each government
now has to balance the trade-off between consumption and leisure which is affected by the
movement of the exchange rate. There are two opposing channels in operation when the
government sets policy independently. The first is a standard New Keynesian aggregate
demand channel due to the interaction between sticky prices and monopolistic distortions
which produce an inflationary bias. The second is a strategic terms of trade channel due to a
floating nominal exchange rate which generates a deflationary bias. As mentioned above, the
cooperation agreement removes the free movement of the exchange rate and switches off
the second channel. Thus, cooperative governments end of the global economy with high
inflation. As a consequence, welfare under cooperation may be worse than that under non-
cooperation. Moreover, the same argument can be used to show that the optimal monetary
policy under commitment is less likely to be sustained when governments cooperate than

when they do not.

2.5 Conclusion

This chapter aims to survey the role of the open economy in resolving the time incon-
sistency. In the next two chapters, we will compare the severity of consequences and the

effectiveness of solutions between closed and open economy under the microfounded New
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Keynesian framework. We will show that the open economy has more ground to mitigate the
consequences as well as improve the effectiveness of the solutions to the time inconsistency.

First, in Chapter 3 we compare the inflationary bias and the application of reputation in a
model of Ireland (1997) for a closed economy and of Arseneau (2007) for an open economy.
In the closed economy, there is a standard New Keynesian aggregate demand channel because
of the interaction between sticky prices and monopolistic distortions which produces an
inflationary bias. When the economy is open, in addition to the above channel, strategic
terms of trade channel arises due to a floating nominal exchange rate which generates a
deflationary bias. The existence of two opposite channel reduces each government’s incentive
to increase inflation unexpectedly. Thus, the inflationary bias under open economy is less
severe than that under the closed economy. Moreover, when the second channel dominates
the first one, the time consistency problem even vanishes. This result happens when the size
of monopolistic distortion is sufficiently small so that the benefit of inflationary surprise is
dominated by its cost. With the trigger-type strategies to support the reputation, the optimal
policy under commitment, the Friedman rule, is likely to be sustained under cooperation than
under non-cooperation. The reason is that the two opposing channels lower the government
benefits from deviation thereby dampen government’s temptation to defect from optimal
equilibrium under commitment when such commitment is not possible.

Second, Arseneau (2012) examines the expectation trap in a two-country model and
indicated that under non-cooperation the optimal surprise in one country is independent of
other monetary policy. It means that a country cannot borrow credibility from the foreign
country to restore the optimal policy under commitment. However, Chapter 3 of this
dissertation also shows that when governments work together, unexpected inflation in one
country will trigger another country to induce inflationary surprise and the global economy
ends of high inflation. In this sense, the expectation trap under open economy is worse than

that under closed economy.
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Third, Basso (2009) modifies the governmental structure in Ireland (1997)’s model to
introduce the costly delegation as a way to escape the time consistency. In Chapter 4 of
this dissertation, we will show that the delegation method under open economy is more
effective than that under closed economy. In detail, less punishments by the governments
under open economy are required to restore central bank from deviating from Friedman rule
than under closed economy. We will show that: When governments lack such commitment
abilities, (i) international model requires a lower threshold of reappointment cost parameter
for central bank appointment being sustained, and (ii) when the reappointment cost is less
than the above threshold, the maintenance of central bank is more likely to be sustained in

our open-economy model than in the closed economy model of Basso.
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Chapter 3

Time Consistency and
Counterproductive Monetary Policy
Cooperation in a New Keynesian

Two-country Model

3.1 Introduction

One of the most well-known results that have appeared from the study of international
monetary policy cooperation is the counterproductive cooperation raised by Rogoff (1985a).
He extends the Barro and Gordon (1983a)’s model to a two-country framework and showed
that cooperation in monetary policy is inflationary while having no effect on employment.
Therefore, monetary cooperation only worsens the credibility problem between government
and private sectors. This is a situation of counterproductive cooperation. Rogoff’s argument
is attractive since it seems to fit some stylized facts about policy coordination in three major
developed countries during the 1970s and 1980s, say, the United States, Japan, and Germany.

The first is the Bonn summit agreement in 1978 in which both Japan and Germany agree with
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the United States about expanding their economies and soon afterward the global inflation
takes place. The second is the Louvre Accord in 1987-1988 in which both Japan and Germany
again agree on several loose policies and then the financial bubble happens in Japan as well
as the global stock market collapses. Iida (1999) shows that although there is some statistical
evidence in support of the Rogoft’s result, the evidence of macroeconomic statistics, in
general, is not strong. In fact, the money growth rate under the periods of cooperation is
higher, but the inflation is not distinctly higher than the average of ordinary years for the
period 1973-1996. This evidence can be interpreted that when monetary policy is cooperated,
the implementation of the cooperation agreement generates inflation that is not significantly
greater than without cooperation. These experiences have been regarded as fundamental
mistakes in Japan and Germany refraining them from joining such a cooperation and can
be used to explain somewhat the reduction of monetary cooperation among major industrial
countries during the 1990s and the first half of the 2000s. However, in recent years, there
have been two sources which call for international monetary policy cooperation: First, the
2008-2009 financial crisis gives rise to a need for coordination to recover the world economy;
Second, the recent behaviors of major currencies generate growing concern about adverse
spillovers from major advance countries into emerging and developing countries. Given the
emergence of the demand for international cooperation in monetary policy, we ask whether
monetary cooperation may still be counterproductive when inflation under cooperation is
indifferent from that under non-cooperation, and if yes, to what extent? Answer to this
question seems essential for implementing the international monetary policy cooperation in
reality.

We consider a micro-founded two-country New Keynesian model developed by Arseneau
(2007, 2012) to revisit the problem of counterproductive cooperation. By cooperation, we
mean that the governments of the two countries jointly maximize a weighted average of the
welfare functions, whereas under non-cooperation they unilaterally maximize the utilities of

their respective households taking the other policy as given. We introduce the new aspect
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of counterproductive cooperation by using the concept of a sustainable plan proposed by
Chari and Kehoe (1990). We find that even when commitment equilibria are indifferent
under various regimes and so do the autarky plans after governments’ deviation, cooperation
may be counterproductive to the extent that the sustainability constraints of optimal policy
under commitment, the Friedman rule, is more restrictive under cooperation than under
non-cooperation.

This chapter is related to three strands of literature but differs from the existing work in
crucial ways. First, this chapter is built on the literature on the counterproductive cooperation
which arises when putting the two workhorses in studying the monetary policy-making under
the strategic framework where governments behave strategically with each other and with
their own private sectors. The first workhorse is the time inconsistency of optimal commit-
ment policy raised by Kydland and Prescott (1977) and contributed by many economists.
Among others, Barro and Gordon (1983a) apply this problem in monetary policy with the
well-known inflation bias and Woodford (1999) proposes the timeless perspective optimal
policy with the stabilization bias. The second workhorse is the degree of international coor-
dination between governments in setting the monetary policy proposed by Hamada (1976)
and developed by Benigno (2002) and Benigno and Benigno (2003). Table 3.1 is useful to
understand these alternative cases. There are two possibilities for policy regimes. Govern-
ments can cooperate to set monetary policy jointly or not. In terms of policy precommitment,
there are also two cases in which governments might have the commitment technology or not.
Without the time consistency problem, cooperation may be expected to at least benefit all the
participants weakly or welfare of case A is at least as good as that of case C. Analogously,

the insulated government can never be worse off when making precommitment.
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Commitment technology

Cooperation regime

Commitment Discretion

Cooperation A B

Non-cooperation C D

Table 3.1 Alternative cases of cooperation regime and commitment technology

In his pioneering paper, Rogoff (1985a) compares the equilibrium under discretion and
pointed out that inflation under equilibrium coded by B is higher than under equilibrium
coded by D so that the former might be dominated by the latter in terms of welfare. Rogoff
labels this result counterproductive cooperation. Some following works reinforce Rogoff
(1985a)’s result by using firmer theoretical contexts and numerical simulations. For example,
Kehoe (1989) studies an optimal tax model with benevolent governments whereas Miller
and Salmon (1985) conduct a numerical exercise in an ad hoc open economy framework
with over-shooting of a real exchange rate. These studies model policy cooperation in which
governments jointly agree to fix the nominal exchange rate so that the counterproductive
cooperation was interpreted as follows. The interplay between the workers and the nonbenev-
olent governments generates an inflationary bias. When the economies are open, and both
governments do not cooperate, the effect of a floating exchange rate on inflation constitutes
an additional constraint which alters the inflation-output trade-off and thereby alleviates
the inflationary bias. When governments establish a cooperative agreement fixing their
exchange rate, this agreement eliminates the above constraint faced by each government
under noncooperation. The wage setters again demand higher wages to keep their real wages.
This demand leads to higher inflation and lower output under cooperation than that under
noncooperation. Since the collapse of Bretton Woods system in the late 1960s, there is no
reason to be convinced that different governments can be easily involved in such cooperation
agreement. We apply a microfounded modeling of cooperation such that both governments

jointly maximize the weighted welfare function of the global economy. It, however, turns
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out that under cooperation the nominal exchange rate is independent of policy variables
thereby switching off the strategic terms of trade channel and affecting the trade-off between
consumption and leisure. Hence, this mechanism will be used to explain the occurrence of
counterproductive cooperation in our model.

Second, the early studies of counterproductive cooperation specify the ad hoc welfare
function. Our model is built on the microeconomic foundation along the line of Ireland
(1997)’s closed model and Arseneau (2007, 2012)’s open economy model. With such a
microfoundation, it is intuitive for assigning values to the main parameters. More importantly,
the microfoundation sheds new light on deriving time consistency problem and hence gives
more grounds to analyze the new aspect of counterproductive cooperation.

Third, this chapter is related to works that study sustainable equilibrium in which the set
of sustainable outcome is characterized as in Chari and Kehoe (1990). In a closed economy,
Ireland (1997) and Kurozumi (2008) describe the sustainability condition of Ramsey outcome
in a model with inflation bias and the stabilization bias, respectively. In a simple two-country
economy without time consistency, Jensen (1994) studies the sustainability of policy cooper-
ation by deriving a set of discount factor that supports the success of cooperation. He finds
that the national heterogeneity adversely affects the sustainability of policy cooperation. Both
Ireland and Jensen investigate the model parameters to see when the sustainability constraints
seem to hold. In the latter, the opposite effects of an increase in national heterogeneity on the
terms of trade under various regimes help to explain why sustainable cooperation seems to be
successful among comparable countries. In a recent paper, Fujiwara et al. (2016) examine the
quantitative properties of sustainable cooperative international monetary policies. They show
that a temptation to deviate from cooperation agreement exists when countries are different
in a variance of markup shock and countries’ size, and the responses of macroeconomic
variables under sustainable cooperation regime lie in between those generated by cooperation

and non-cooperation regimes.
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Because this chapter uses Arseneau’s model, it is essential to compare our work with
him. In Arseneau (2007), he investigates the role of inflation tax in an open economy with
imperfect competition and found that the monopolistic distortion reduces the temptation
to introduce inflationary tax strategically and determines whether the welfare gains from
cooperation exist or not. Regarding sustainable equilibrium and the time consistency in an
open economic environment, Arseneau (2012) is the most related paper to ours. He analyzed
the welfare gains from commitment under non-cooperation and the sustainability of the
non-cooperative equilibrium under commitment when the commitment technologies are
infeasible. We instead focus on the study of counterproductive cooperation, thereby have to
examine sustainable equilibrium in cooperative policy regime and utilize those results done
by Arseneau (2012). Moreover, we apply the Chari-Kehoe technique to characterize the set
of sustainable outcomes in various regimes that is abstracted in Arseneau (2012)’s paper.

The main contribution of this chapter is that the monetary policy cooperation may be
counterproductive in terms of sustainable cooperation. This aspect of counterproductive
cooperation arises from comparing the restrictiveness of sustainability constraints between
cooperation and non-cooperation in which the more restrictive constraint requires a higher
discount factor to support the optimal monetary policy under commitment, the Friedman rule,
as a solution in the absence of commitment technology. In an open economy, the equilibrium
can be sustainable under a lower discount factor because the immediate gain (one period
deviation) is lower. The underlying reason is that the coexistence of two opposing channels
under non-cooperation dampens the governments’ temptation to induce inflationary surprise
and thereby lowers the short-run benefits from deviation. Hence, compared with cooperation,
a less discount factor is enough to prevent the governments from deviating from the Friedman
rule.

The chapter is organized as follows: Section 2 presents the model, and Section 3 and

4 consider the monetary policy with and without commitment, respectively. Sustainable
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cooperation is analyzed in Section 5. Section 6 offers some concluding remarks. Derivations

and proofs are relegated to the appendix.

3.2 Model

The economy environment follows the model of Arseneau (2007, 2012) with two coun-
tries, Home and Foreign, and each country consists of (i) a representative household, (i1) a
continuum of monopolistic firms indexed by j € [0, 1] for Home and j* € |0, 1] for Foreign
country respectively, and (iii) a government which sets monetary policy. Except for con-
sumption and labor, all lower case variables are defined as the ratio of nominal variables to
the domestic money supply. Variables with asterisks denote those of Foreign country. We
introduce no shock into the model, so this chapter presents a deterministic analysis.

The representative household maximizes its utility derived from consumption and leisure
subject to a cash-in-advance constraint and a standard budget constraint. The Home household

has the utility function

Yo Ctlia_
Uo=Y B'§ 7= "l (- (3.1

and faces the following constraints:

1 0/(6-1) 1 0/(6-1)
cHy = [/O cH7t(j)(9_1)/9dj} . cpe= [/0 cF,,(j*)w—‘)/@dj*] . (2
¢ = (cus)¥(cr)' 7, (3.3)
o= LG, (3.4)
prce <my+ (x,— 1)+ b — bl;:x’, (3.5)
pici+ bf}*e:x’ tmyp e <myp - (x— 1)+ b+ /01 &(j)dj+wil, (3.6)
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where ¢; is Home’s consumption bundle including aggregate consumption of goods produced
in Home, ¢y ; and in Foreign, cg, (given in (3.2)), I; is the number of hours supplied, m; 1 is
the cash holdings to next period and b, is the bond holding to next period. Parameter y
is the expenditure share of domestic goods in the Home consumption basket. The utility of
Foreign agent j* is similar to (3.1), but Foreign’s consumption bundle is ¢; = (cj;,)¥ (¢}, ) =7,
Hence, preferences over consumption goods are identical both within and across countries:
the elasticity of intertemporal substitution 1/c. The cash-in-advance constraint (3.5) is used
to explain why households hold real balances as well as the welfare cost of expected inflation
since agents inefficiently reduce their money holdings.

R, is the gross interest rate of domestic bond, w, the wage, §; () the profits of firm j
(defined below), and p; = P;/M; in which the aggregate price of the good bundle consumed

by Home residents is given as follows:

1 . N
P = Y—W<PHJ)Y<StPF,t)1 ’, (3.7)

where

} 1/(1-6)
; (3.8)

:|1/(19)

1 1
e i R R )

and YV = yY(1 — y)!=7. As in Ireland (1997), the money growth rate is bounded in both
sides to guarantee a monetary equilibrium, x; € [8,%] and x; € [3,x"]. The lower bound is
imposed so the net nominal interest rate (R; — 1) is non-negative in equilibrium, while the
upper bound ensures that private agents never prohibit the use of money simultaneously a la
Calvo (1978). Let B € (0, 1) denote the subjective discount rate. Let 8 denote the elasticity
of substitution between goods. We impose 6 > 1 to guarantee the existence of equilibria in
the presence of imperfect competition. Also, we impose « € (0, 1) to guarantee the concavity

of the utility function and a well-defined utility at ¢; = 0.
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Firm j production function is y(j) = (). Attime r =0, 1,2, ... each firm sets py (j) to

maximize profits

G(Jj) = [pH,t (/) _Wt]ytD(j)v (3.9

where yP(j) is the global demand for good j

() = cre(7) + ¢t () (3.10)

Free trade implies that the law of one price is satisfied for each good, Py (j) = S Py ,(J)
and Pr,(j*) = S¢Pr,(j*)- This result together with the same preferences of the individuals
across countries indicate that the purchasing power parity (PPP) holds for prices of good

bundle in both countries, Py, = S;Fy; , and Pr; = S:Pf,,, and for the aggregate price
P, =SP. (3.11)

We then define the terms of trade, 7, = Py /(S;Py,), as the ratio of export price to import

price in which prices are measured in Home currency.

3.3 Monetary policy with commitment

When governments can commit to their future policies, the governments make their
decisions at the beginning of time before firms choose their prices. Let x = {x;|[r =0,1,2,...}
and x* = {x|t = 0,1,2,...} denote an infinite sequence of the money growth rates in Home
and Foreign country respectively, where x; € [8,%] and x; € [B,x*] for all t = 0,1,2, ...
Combining both of them, let X (x,x*) = (x,x*) be world monetary policy. We now de-
fine the rules and allocations for Home country; those of Foreign country are analogous.
In Home country, firms and households behavior, given a world policy (x,x*), are char-

acterized by allocation rule 7t/ (x,x*), j € [0,1] and ®(x,x*). The Home representative
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firm’s rule 7/(x,x*) dictates how price, py,(j), t = 0,1,2,..., is chosen for each possi-
ble policy pair (x,x*) . The representative household’s rule @(x,x*) dictates choices for
Q = (cr,chp,cre, e (7)scre(J°), lsmes1,bi1), t =0, 1,2, ... for each possible policy pair
(x,x*). Let 7 refer to the set of function 7/ for all j € [0, 1]. Then 7 and @ map world policy
(x,x*) into allocations (I1,Q), where I1 = {I1/|j € [0, 1]}, TI/ = {pu,(j)|t = 0,1,2,...}, and
Q= {Q|r=0,1,2,...}. Hence, together with those from Foreign country the allocation
(IT, Q,IT*, Q*) portrays the sequence of equilibrium prices and quantities that achieves when
governments implement the policy pair (x,x*), private sectors react based on 7, @, 7*, and
o*.

Given (x,x*), nf(x,x*) for all j# j, 1%/ (x,x*) for all j* € [0,1], @(x,x*), and ®* (x,x*),

the Home representative firm’s choice of 7/ (x, x*) solves

(FO) Maximize (3.9) for each r = 0,1,2, ..., taking w;, w;, pn;, and p}?’t as given for all

t=0,1,2,...

Given (x,x*), 7/ (x,x*) for all j € [0,1] and 7*/" (x,x*) for all j* € [0,1], the Home

representative household’s choice of @(x,x*) solves

(HO) Maximize (3.1) subject to (3.2), (3.3), (3.4), (3.5) and (3.6) for each t =0,1,2,...,
taking as given & (j), {*(j*), ws, wi, Ry and R} for all j, j* € [0,1] andt =0, 1,2, ...

In addition, @ (x,x*) must correspond with the appropriate market clearing conditions

MO) mip1=1,bi41 =0,y =i, yr =cu;+ c;'ZIJ, and the currency exchange market clearing

conditions

. 1—’}/x;

(i ——— (3.12)
t Y X

which comes from the fact that in each country the value of export is equal to that of import

denominated in the domestic currency. In the same fashion, for Foreign country we can
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derive the problem for firm and household, FO* and HO*, respectively together with the
market clearing condition, MO*.

An equilibrium under commitment consists of a world policy (x,x*) and an allocation
(I1,Q,IT*, Q*) that satisfy: (i) For every (x,x*), each IT/ solves (FO) given IV for all
j€0,1], f # j, and (Q,1T*, Q). For every (x,x*), each IT*/" solves (FO*) given IT*/" for
all j* € [0,1], j* # j*, and (T1,Q,Q*); (ii) For every (x,x*), Q solves (HO) given (IT,Q,IT*).
For every (x,x*), Q* solves (HO*) given (IT,Q,IT*); (iii) Q and Q* are consistent with
(MO) and (MO*), respectively. The definition does not require the policy pair to be chosen
optimally. Therefore, this definition allows us to derive the optimal monetary policy by first
featuring the whole set of equilibria under commitment and then choosing the policy pair
that maximizes either separately or jointly the utility functions in both countries.

Arseneau (2007, 2012) derive the necessary and sufficient conditions for a solution to the

household problem (HO and HO*):

v x(1-7) v x(1=7)
X/ X . X/ X,
c,:ym, c=(1-1y) Yt t*(l_y), (3.13)
PH:PF: PrPFy
=1 =t (3.14)
PH Pr;
XXy % xz*x;:tl
wy Bl w; ) (3.15)
Cit1 ﬁcH_l
cl-a c*(l—oc)
lim B’ +— =0, lim B’ -—— =0, (3.16)
t—oo Xy t—o0 X;
and to the the firm’s problem (F O and FO*):
6 . 6 .
PH i = ﬁwn PFt = rwt- (3.17)
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Combining (3.13), (3.14), (3.15), and (3.17) yields a system of difference equations that

must be satisfied in any equilibrium under commitment:

1— *(1— 1— 1— w(]— 1—
vB(0— 1) ey ey T a-ppe -1 eyl YT

Cc, =
0 v x(1-7) o ) v x(1-7)
X1%41 Xep1%41

Cr =

(3.18)

Employing the fact that ¢; = y/(1 — )¢, we can solve these equations forward:

1n<ct>:$1n(”ﬁ< ) Zyl— it 145) — i(l—y)(l
ln(c;")—1 (p i ) i?’ o) In (x4 14i) — i(l_w(

- a)iln(x;kﬂﬂ)»
)

1— o) In(xf, .,
Q P n(xt+1+l)7

(3.19)

where p = y!~(1=@)(1=7) (1 — 9)(1=®)(1=7) and p* = y(1-9)7(1 — )1=(-@)7_ Labors can

also be expressed in terms of policy variables

B(6—1) (cr41)' = PO ()" (3.20)

)
?] Xri1 ?] X[

l[:

We next consider how governments set the optimal monetary policy with consideration for

the interaction between them.

3.3.1 Optimal non-cooperative monetary policy

We start with the natural benchmark case where governments set monetary growth rate
independently. An optimal non-cooperative equilibrium under commitment is an equilibrium
under commitment that satisfies the following: (i) taking as given x*, the Home government
chooses x to maximize the Home welfare function, and (ii) taking as given x, the Foreign
government chooses x* to maximize the Foreign welfare function. We then derive each
government’s best response to any foreign policies, which corresponds to the characterization

of optimal Nash equilibrium policies. Substituting (3.19) and (3.20) into (3.1), we can obtain
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the indirect utility function for Home country, Up(x,x"), as a function of the policy pair that

satisfies allocation rules defined by the equilibrium under commitment.

1
- 1 PBO—1)\* = —y1-a) pp .+~ (1-1(1-a)
:Zﬁt{l_a [( 0 | GUSEERIN Oxt+l+i ]
i o = (3.21)
pe—1) (pﬁ(ﬂ—l))“ () T (-7 (1)
- X . X . s
9xt+1 0 g t+24i 0 t+24i
and similarly, the indirect utility function for the Foreign country is that
1
L (P BOO=D\* 7 ~r(1-a) {7~ (1-7(1-a)
Ug (x,x" Zﬁ { [( ) | | BB sz+1+i : )]
i=0 i=0 (3.22)

BO—1)[(pBO-1)\7 1oy
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In this setting, both countries will engage in a policy competition because of international
spillovers (Corsetti and Pesenti, 2001; Tille, 2001). An expansion in Home country imposes
a tax on consumption or a subsidy to leisure by raising the nominal interest rate above zero,
leading money to be dominated by bond in terms of a rate of return. Home households respond
by inefficiently economizing the money balance and substituting out of consumption and
into leisure. Under the open economy, the consumption tax burden is shared across countries,
and hence consumption in both countries decrease proportionally. Simultaneously, leisure
is non-traded good so the Home household will enjoy all the benefits of leisure subsidy.
As a consequence, although the ratio of goods consumed in both country is unchanged,
Foreign labors have to bear a severer burden compared with Home labors. The Home
government is tempted to expand money supply as long as the welfare benefits from leisure
subsidy exceed the welfare costs by the consumption tax. This action, however, causes a
beggar-thy-neighbor welfare spillover since the Foreign households suffer a proportional
consumption tax but benefit nothing from leisure subsidy. As such an expansion reduces

Foreign welfare, loose monetary policy in the Foreign country and depreciation of Foreign
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currency can raise Foreign welfare by lowering the high disutility of work effort. It is worth
noting that the assumption o € (0, 1) matters here. Higher inflation in Home country makes
the Home-produced goods relatively expensive than Foreign-produced one and therefore
affects Foreign imports negatively. Lower imports affect the Foreign consumers’ marginal
utility of the Foreign good and thereby the choice of optimal policy. In our case where o < 1
implies that two goods are complement, lower imports in Foreign country reduce marginal
utility of the Foreign good, and Foreign government hence faces a lower marginal cost of
anticipated inflation. In effect, under non-cooperation, the Foreign government wants to raise
inflation in response to an expansion in Home country.

However, the presence of monopolistic competition lowers the temptation to involve in
inflation competition as it pushes the consumption lower than the efficient level, so makes
the expected inflation more costly. As we show below, when this dampening impact is strong
enough, it will alter the game structure of two governments such that the Friedman rule is
chosen irrespective of foreign monetary policy. Appendix A.1 shows that the outcome of
optimal non-cooperative equilibrium under commitment can be found by: (i) Home govern-
ment maximizes (3.21) subject to x; € [, %] for all r =0, 1,2,...; (ii) Foreign government
maximizes (3.22) subject to x; € [, %*| forallz =0,1,2,...

A general characterization of optimal non-cooperative policy under commitment is
complicated, so we focus our analysis on a constant money growth rate in each country.
Now we assume that the money growth rates are constant. This assumption is theoretically
justified as the central banks can follow the Friedman rule. In reality, it seems to fit the
stylized facts that some central banks have announced to target a constant money growth
rate. Let x, = £V and x* = £*V, for allt = 0, 1, ... be the solution to the Home’s optimization
problem and the Foreign’s, respectively. Let X" be the optimal non-cooperative policy
pair and define ¥V = (1 + 1%/ a) and ¥*N = (1+ %,Oc) as the magnitude of the strategic
terms of trade distortion in the Home and Foreign country, respectively, and & = % be

the monopolistic distortion (see Appendix A.1.2). Superscript N stands for non-cooperation.
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The optimal non-cooperative monetary policy in each country includes corner or interior
solution contingent on the relative size of monopolistic distortion to that of strategic terms of

trade and can be summarized as follows:
(i) TPV, N <, XN = (B,B).
(i) PN, PN > @, XN = (BYN /D, BV /D).
(iii) IfPN < ® and PN > @, XV = (B, YN /D).
(iv) TN > @ and ¥V < @, XV = (BYVN /@, B).

Arseneau (2007) documents that this optimal policy is a dominant strategy for a given set
of parameters in a non-cooperative setting. When the monopolistic distortion is not large
so that the dampening effects are small in both countries, the benefits from leisure subsidy
exceed the welfare loss from consumption tax. This situation entices governments to enroll
in inflation competition and both governments inflate away from the Friedman rule as in case
(i1) above. Up to now, our analysis mainly bases on Arseneau (2007). In the next subsection,

we extend Arseneau’s work to the case of cooperation.

3.3.2 Optimal cooperative monetary policy

It is common that non-cooperative policies may be undesirable in the world economy
because each government does not take into account the possibility of negative externality
imposed by its policy on other countries. If governments involve in the joint determination
of policies, such externalities would be internalized to the benefit of both. So we analyze
the situation in which governments cooperate on the choice of their money growth rates. An
optimal cooperative equilibrium under commitment is an equilibrium under commitment in

which governments jointly maximize the equally weighted welfare. The weighted welfare
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function is defined as follows:
Up(x,x") + Uy (x,x"). (3.23)

The outcome of optimal cooperative equilibrium under commitment can be found by
maximizing (3.23) subject to x, € [,% and x; € [B, %] forallt =0,1,...". Let X¢ = (¢, £*C)
denote the outcome of monetary policy in the optimization problem (3.23) when the money
growth rate is constant, ¥€ = y~*/(y!=% 4 (1 — y)!=%) and ¥*€ = (1 —y)~%/(y' =% +
(1—7y)'=*)2. Superscript C stands for cooperation. It is worthwhile to stress that under
cooperation the ratio of the optimal money growth rates can be expressed in terms of model
parameters only, and so does the nominal exchange rate. The intuition of this result will be

discussed in later part of this chapter. We derive the following proposition:

Proposition 3.1 The optimal cooperative monetary policy is given by:
(i) I ¥, ¥*C < &, XC = (B,p).
(i) If¥C <D <€, XC = (B,BY*C/D).

(iii) IfP€ > @ > WP XC = (BPC/D,B).

It is straightforward to see that when the monopolistic distortion is sufficiently large,
such that WC, PN W*C @*N < P, the optimal cooperative monetary policy and the optimal
non-cooperative monetary policy coincide and both governments set the money growth rate
equal to discount rate which is labeled as global Friedman rule. In this case, there is no gain
from cooperation, so the cooperative strategy is a self-enforced process. Based on that, we

can draw the following proposition which will be used in later part:

! Appendix A.1.1 shows how we can obtain the outcome of optimal cooperative equilibrium under commit-
ment
2 Appendix A.1.2 provides the result of optimal cooperative monetary policy
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Proposition 3.2 When monopolistic distortions are large, ® > max[¥¢, ¥V, W*C W*N| the
outcome of optimal cooperative equilibrium under commitment coincides with that of optimal

non-cooperative equilibrium under commitment.

According to Arseneau (2007), under commitment, the monopoly power reduces the
government’s incentive to increase inflation as its presence causes an inefficiently low level
of output together with consumption. The marginal utility of consumption is even lower
when the monopolistic distortion increases and thereby makes expected inflation more costly.
As a result, when this dampening effect is sufficiently large, it can be used to reinstate the
global Friedman rule as an outcome of policy under equilibrium in both policy regimes.

The results in this section bases on the assumption that governments own commitment
technology. In reality, governments may lack such an ability and cause a severe consequence.

To feature equilibria in this situation, we provide a useful result as follows:
Proposition 3.3 The worst equilibrium under various regimes is described as follows:

(i) When @ > max(PN,¥*N), the worst non-cooperative equilibrium under commitment

has xN = % and x*N = ¥ forallt =0,1,2...

(ii) When ® > max(¥WC,¥*C), the worst cooperative equilibrium under commitment has

xC =%xand x}¢ =% forallt =0,1,2...

When & > WV, the optimal money growth rate without the bounded restriction in Home
country, £ = B¥YV /®, is smaller than 3. At £ = BV /P, the Home welfare achieves the
maximum. Taking the Foreign money growth rate as given, for x" € [B, %], the Home welfare
function is decreasing in the Home money growth rate because of an inverse U-shape of the
concave function. Thus, at xﬁv = X, the Home welfare reaches the worst possible level. When
X and X¥* become arbitrarily large, equation (3.19) and its Foreign analog reveal that with

xy=xand x; =x" forallt =0,1,..., ¢; and ¢} are approaching zero.
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3.4 Monetary policy without commitment

In the absence of commitment technologies, the optimal monetary policy under com-
mitment faces a time consistency problem. Since governments can observe the prices set
by firms before deciding on policy rates, and since the level of production is insufficiently
low due to imperfect competition, the governments have the incentive to induce an unantic-
ipatedly high money growth rate. In equilibrium, firms perceive this incentive and adjust
their prices accordingly. The governments’ motives to boost production by generating in-
flationary monetary surprises merely cause higher inflation while producing no effect on
the real economy. This is a time consistency problem of monetary policy a la Barro and
Gordon (1983a) due to the coexistence of monopolistic competition and sticky price. We
will start this section by analyzing the equilibrium under discretion. This analysis has two
purposes: first, to show that the counterproductive cooperation as in Rogoff (1985a) still
arises under a micro-founded New Keynesian two-country model; second, to derive the
one-period deviation money growth rates which are set by governments once they decide
to deviate from Friedman rule. These deviation rates will be used to characterize a set of
sustainable outcome through the sustainability constraints, and therefore helps to study the

new aspect of counterproductive cooperation.

3.4.1 Equilibrium under discretion

The lack of commitment ability leads the governments to set policy sequentially so that
under discretion, the governments solve a static problem by taking private expectation as
given. Let scripts d denote discretion. Let X¢ = (x°,x*¢) denote the private expectation of the
world policy which is exogenously given to the governments and X; = (x4,x};) be the world
policy under discretion. An non-cooperative equilibrium under discretion is an equilibrium
under discretion that satisfies (i) taking as given the private expectation, X¢ = (x¢,x*¢), Home

government sets xg such that the private sector in both countries can never be surprised; (ii)
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taking as given the private expectation, X¢ = (x¢,x*¢), Foreign government sets xZN such that
the private sector in both countries can never be surprised. On the other hand, an cooperative
equilibrium under discretion is an equilibrium under discretion in which, taking as given
the private expectation, X¢ = (x¢,x*¢), governments jointly choose the money growth rates,
Xy = (xg,xjic), that do not surprise the global private sector. By saying "never be surprised”,
we mean that the governments validate the private expectation such that xg =x°¢ and lec =x*.
From now on, we assume that the private expectations of inflation are pinned down by the
optimal monetary policy under commitment, the global Friedman rule, instead of being
exogenously given.

Under non-cooperation, the Home government’s problem under discretion is to maximize

-«
. i 1 Y (N (1=7) i
U(pH,tapF,t) = ~maX_ 1 — Y ; *)(1_7,) ) (GD)
Xe[ﬁﬂd a HlpF.l pH,t

by taking as given the Foreign government policy £*¥ = 8 and the prices pH ;s and pg, which
are solutions of (FO) and (FO™), respectively, since the inflation endowments are consistent
with the optimal non-cooperative monetary policy under commitment. The solution to the

problem (GD) is
1
A = B(yd) T, (3.24)
and to its foreign analog is
1
N — B((1—y)®)T-T-nl-a, (3.25)

One needs to check whether it is worthwhile for the governments to deviate from Friedman
rule. As money growth is bounded on by discount factor f3, it prevents the government from
an deflationary surprise which induces the money growth rate below 3 but allows for an

inflationary surprise. Then we can draw the following proposition:
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Proposition 3.4 When ® <min(1/v,1/(1—1)), the global Friedman rule is consistent with

the non-cooperative monetary policy under discretion.

This proposition implies that when the monopolistic distortion is large such that @ <
min(1/y,1/(1 — 7)), neither government has incentive to deviate from the Friedman rule.
Hence, the global Friedman rule is time-consistent. In contrast, when this condition is not
satisfied, the global Friedman rule is not time consistent. In detail, we can characterize the

non-cooperative monetary policy under discretion in other cases.

W) 1/y>@>1/(1-y), &,&") = (% B),
(i) 1/y<®<1/(1-7), &, &) = (B, %),
(iii) @ >max(1/y,1/(1—7)), (&, &£N) = (x,x).

The interpretation of these results arises from whether the government has the temptation
to induce an inflationary surprise or not. If the government has such a temptation, it will
conduct inflationary surprise. Private agents in this country recognize this temptation and
adjust expectation to a higher inflation level. This adjustment, in turn, strengthens the
incentive for the government to create even bigger monetary surprise, causing inflation
expectation even further. The iterative procedure continues until both inflation expectations
of the private sector and of the government coincide, and the economy ends up with high
inflation. If the government does not have such a temptation, it still chooses the Friedman
rule regardless of other government’s policy.

Note that our deviation rates are different from those of Arseneau (2012) since he is
incorrect to equalize the consumption under commitment and the one achieved after one-shot
deviation when substituting into the first-order condition of the problem (GD). Indeed, when
governments choose to deviate, the former is less than the latter as the deviation rates in
this chapter are higher than Arseneau (2012)’s. Although this difference does not change

the main conclusion of his paper, the consequence of expectation trap is severer under this
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chapter than under Arseneau (2012)’s. The cooperation problem under discretion is given by

1-a
1—o _ -« re(1=7)
. § s i Y+ (1—y Xrx
U(pa s, prs) U (PH s PFy) = max ( ) «(1—7)
Fe[B.d. ¥ €[B %] I-a ph P,
X x*
— _+ " ,
(pH,t pFJ)
(3.26)

where py  and pr, are also solutions of (FO) and (FO"). The solution to the problem (CD)

18

1 1
o @ [1—v (1=a)(1=7)\ @ e d y (1-a)y\ @
= <—lPC " , Xv=B i\ Ty . (3.27)

Contrast to the non-cooperation, the optimal surprise in Home country depends on the
monetary policy of Foreign government and vice versa. Hence, the governments can jointly
deviate from the global Friedman rule so that the world economy ends up with high inflation.

Then, we can derive the following proposition:

Proposition 3.5 The global Friedman rule is not consistent with cooperative monetary

policy under discretion.

The explanation is that when inflation expectations are pinned down by the optimal
monetary policy under commitment, the global Friedman rule, the optimal cooperative
monetary policy under discretion is characterized by the high inflation, (£§,£5C) = (¥, x*).

Propositions 3.4 and 3.5 do not characterize the entire set of equilibrium under discretion
with any private expectation; rather it concentrates on the cases that tempt governments
to increase money growth unexpectedly. These propositions imply that alternative policy
regimes lead to different equilibria under discretion even though optimal monetary policy
under commitment and inflation expectation in both policy regime are all represented by the

global Friedman rule. We draw the following corollary:
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Corollary 3.1 When ® € [max(PV, ¥V, ¥C ¥*C) max(1/y,1/(1 —7))], cooperation can

be counterproductive.

If governments lack commitment technology and optimal monetary policy under commit-
ment is the global Friedman rule in both policy regimes, cooperation is counterproductive in
terms of welfare when monopolistic distortion lies in the interval, @ € [max (PN, ¥*N @€ @*C),
max(1/7,1/(1—=7))].

By focusing on the self-enforced cooperation under commitment, Corollary 3.1 shows
that lack of commitment abilities may lead to the counterproductive cooperation in the
sense that the welfare under cooperation between governments can be worse than that under
non-cooperation (Rogoff, 1985a; Kehoe, 1989). The reason is that the optimal surprise
under non-cooperation is a dominant Nash strategy whereas under cooperation, the optimal
surprises are jointly set and positively related. Cooperation agreement ensures the welfare
gains from deviation in both countries when initially, at least one government has the incentive
to introduce inflationary surprise. Moreover, this corollary together with Proposition 3.2
reveal how large the monopolistic distortion is needed for the occurrence of counterproductive
cooperation, @ € [max (PN, ¥*N WC W) max(1/y,1/(1—17))].

Why does the monopolistic distortion play such an important role? As & lies inside the
interval, this interval is enough to ensure the indifference of equilibrium under commitment.
Under discretion, although unexpected monetary expansion is regarded as a subsidy to
consumption and therefore boost output toward the efficient level, it is not always worthwhile
for the government to do that. Non-cooperative governments face the policy trade-off between
a standard New Keynesian aggregate demand channel and a strategic terms of trade channel
(Arseneau, 2012). The former channel arises due to the interaction between sticky price
and monopolistic distortion and creates an inflationary bias. Meanwhile, a floating nominal
exchange in an open economy gives rise to the latter channel which generates a deflationary
bias. When @ is less than the upper bound of the interval, the former channel is dominated

by the latter in either or both countries. Thus, at most one government attempts to conduct
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inflation surprise. In contrast, when ® is greater than the upper bound of the interval, the
former dominates the latter, and therefore both governments boost the economy toward the
efficient level by creating surprise inflation simultaneously. When it comes to cooperation
regime, such an agreement leads to a fixed nominal exchange rate and hence removes the
strategic terms of trade channel. Rogoff (1985a) simply assumes that governments would fix
their bilateral exchange rate under cooperation, but it is optimal for them to do that under our
framework in which both government jointly maximize a weighted welfare function. As long
as the monopolistic distortion exists, > 1, the cooperative governments always introduce
high inflation unexpectedly, and then the global economy will end up with high inflation. In
brief, the counterproductive cooperative arises when @ is located in the interval mentioned
above.

When governments cannot commit, firms, households, and governments can change their
decisions depending on the history of policy variables up to the point at which the decision
is made. Only the history of policy variables matters whereas neither firm nor household is
aware of the possible effects of its actions on decision making by governments and other
private agents. In contrast, the future market expectations are influenced by the current policy
decisions, which require governments to take into account their reputation. In the following
parts, we apply the Chari and Kehoe (1990)’s approach to feature the set of sustainable
equilibrium outcomes by using its worst sustainable equilibrium. We begin by defining

sustainable equilibrium in various regimes.

3.4.2 Sustainable equilibrium under non-cooperation

In the absence of commitment, firms, households, and governments revise their plans at
each period t =0,1,2, ..., depending on the history of the governments’ history. For each
t=0,1,2..., let EN = (Ey 4, ER,) denote the history pair of government policy up to time
t where &y, = (s =0,1,...,t}, &p, = (XN |s =0,1,...,t}, Eg 1 =0, and Ep 1 = 0. A

policy plan for the Home government is a sequence of function oy = {on |t =0,1,2,...}
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where GH’,(Q]X |) determines the money growth rate at time 7 in Home country conditional
on the history éﬂ | and taking Foreign policy at time ¢ as given; A policy plan for the Foreign
government is a sequence of function o = {oF,|t = 0,1,2,...} where oF,(§" ) determines
the money growth rate at time ¢ in Foreign country conditional on the history §ﬁ | and taking
Home policy at time 7 as given. Let (0, OF;) define a pair of policy plan. Let o}, and
o} denote the continuation of oy and oF at ¢ such that 6}, = {Op ;44|s = 0,1,2...} and
0k = {OFs4s|s =0,1,2...}, respectively.

The representative Home firm, given the history éﬁ |» set prices for period ¢. Let the
firm’s pricing rule be given by 7/ = {x/|r =0, 1,2...}, where 7/ (&) determines the choice
of pu +(j) conditional on the history &V . The allocation rule for the representative Home
household is a sequence of function @ = {ay|t = 0,1,2...}, where (&) determines the
choice of Q; conditional on V. It is worth emphasizing that Home government decides
xN after firms choose their prices for time ¢ and therefore firms’ decisions are subject
to éﬂ ;- Households, however, decide their allocations for time 7 after knowing XtN and
hence are subject to . Given the allocation rules 7/ and ®, define the continuation rules
nlt = {m! |s=0,1,2..} and @y = {@y s =0,1,2...}.

Without commitment, dividends & (j) = & (j,EN), wage rates w, = w,(E]N), interest rates
R, =R,(&N), and the price level py, = pu,(EN |) and p, = p,(EN ) are also functions of the
policy history. At any date ¢ and history 5?1 |» private agents can use oy and O to update the
all possible future histories, &Y = (&N, 01 ,45(EN ), 0r45(EN 1)), s =0,1,2..., and
their knowledge of the functions & (J, éﬁ_s), W,H(éﬁ_s), R,(é,]is), PH t+s = PH,;+5(5,1YH_1)
and p;i5 = pr+ s(ét’i s—l)‘ We can also define a sequence of functions for firms and household
in the Foreign country.

The representative firm enters each period ¢t = 0, 1,2... by taking as given éﬁ |» OH» OF,

nl forall j € [0,1], j# j, %/ for all j* € [0, 1], @, and ®*, and choose 7/ to solve
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(FT) Maximize

Gosd) = [pass(i) —wissly (M) B (”’J“) B ( ; x7+s) |

PH i+s Pit+s Pi+s  Diys
(3.28)

foreachs=0,1,2... taking wy s = Wl‘-i-S(&l]Yi-s)’ PH t+s = PH7t+s(5zlis_1)’ Pi+s = Pt+s(5tlis_1)a

and EN = (EN |, 0n4s(EN 1), OFts(EN, 1)) as given for all s = 0,1,2...

In each period r = 0, 1,2... the representative household takes §IN , Oy, O, / for all

j€10,1], m*" for all j* € [0,1] and @* as given and make a decision on @' to solve

(HT) Maximize

5 e d G

B~ —ls g, (3.29)
s=0 -«

subject to

1 0116 6/(6-1) 1 0116 6/(6-1)
CHt+s = |:/O Ct+s(j>( -1/ d]:| y CFt+s = |:/O Ct+s(j*)( -1/ d]* y

(3.30)
Crrs = (ctraes) (Crass) 7 (3.31)
1

ll+s :/0 l[+S(J)d]7 (3.32)

b X,

t+s
(3.33)

Dt ys+1Xt+s 1 o
Pristies Ry My 1 Xy < Mg+ (X — 1) +brgs + 0 Crrs())dj+wrpslits,
t+s

(3.34)
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for each s = O: 172--" taking Cl-i-s(j) = CI—O—S(]'?@IYH)’ Ctis(f) = Ctis(j*vétlis)’ Wits =
Wt-ﬁ-s(étlyi—s)’ W?—i—s = W?—b—s(étjyi—s)’ RH-S = Rl‘+s(§t]yi—s)’ R?—i—s = R?—i—s(étlyo—s)’ and
5[1Y§—s = ( t]isfla6H7t+s(§[]is71)7GF,H»s(ét]is—l)) as given for all J;]* € [07 1] and s =

0,1,2...

Moreover, for each t = 0,1,2,... and £, the continuation policy @’/ must correspond with

the market clearing conditions:

MT) miysi1=1,b11501 =0, Y115 =lits, Yits = CHp+s+ C[’fIJH and the currency exchange
market clearing conditions

1—
St4s = —YXH—S

'Y xt—i—s

(3.35)

foralls =0,1,2...

In the same manner, for the Foreign country, we can characterize the problem for the firm and

household, FT* and HT*, respectively together with the market clearing condition, MT*.
Eventually, at each date r = 0, 1, ..., under non-cooperation the Home government takes

xf, EN|, / for all j € [0,1], #*/ for all j* € [0,1], ®, and @* as given and decides a

continuation policy o}, to solve

(GT) Maximize

3 iy

B’ =l s (3.36)
= l-o

where ¢;; and I, are determined by 7/ for all j € [0,1], #*/" for all j* € [0, 1], w,
and o* forall s =0,1,...

Let 7 and 7* denote the set of function 7/ for all j € [0,1] and 7*/" for all j* € [0,1],
respectively. As in Chari and Kehoe (1990), we use the concept of sustainable equilibrium to

refer outcome that can predominate when governments cannot commit to their future policies.
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A sustainable equilibrium under non-cooperation is a policy plan 6V = (oy,0r) and a
set of allocation rules (7, ®, 7", 0*) that satisfy: (i) Given oy and op, 7/ for all jelo,1],
j# j, w7 forall j* € [0,1], ®, and *, the continuation 7/ of each 7/ solves (FT) for all
t=0,1,...and £V |. Given oy and oF, 7/ for all j € [0, 1], x*l" forall J* € [0,1], j* # j*,
o, and ©*, the continuation 7%/ of each 7*/" solves (FT*) forallt =0,1,... and ‘g’ﬁ 1; (11)
Given oy and of, ©t/ for all j € [0,1], 7+ for all j* €]0,1], and w*, the continuation @’
of ® solves (HT) forallt =0, 1,... and EN. Given oy and oF, nt/ for all j € [0, 1], &*/" for
all j* € [0,1], and o, the continuation @*’ of ®* solves (HT*) for all t = 0,1,... and &V;
(iii) the continuation of ® and @* are corresponding with (MT) and (MT™), respectively,
forallr =0,1,... and EV; (iv) Given &/ for all j € [0,1], #*/" for all j* € [0, 1], ®, ®*, and
OF, the continuation G,{I of oy solves (GT) for all t =0, 1,... and é]i 1> Given 7/ for all
Jj€[0,1], n*" for all j* € [0,1], @, ®*, and o, the continuation o}, of of solves (GT*) for
allt =0,1,...and £V |.

A sustainable equilibrium under non-cooperation ((oy,0F), T, ®,7*, ®*) induces a
sustainable outcome under non-cooperation, (X", I1, Q,IT*, Q*) which is defined as fol-
lows. From &Y, =0, compute &y = {&p |t =0,1,...}, & = {&py|t = 0,1,...}, and XN =
{(,x™)[r =0,1,...} by employing x' = o+ (§Y ), ;" = 0r, (&Y ), &Y = (& 1, 0u (&Y ),
or(EN ). After that, for all = 0,1, ..., compute IT = {Il/|j € [0,1]}, TV = {pu,(j)|t =
0,1,..}and Q = {Q|t =0,1,...} using pp,(j) = &/ (EN ) forall j € [0,1] and Q, = ey (EN).
Similarly we can get IT* and Q. Hence, the sustainable outcome ((oy,0F), 7, ®, 7%, ©)
portrays the sequence of equilibrium prices and quantities that achieves when Home govern-
ment sets x" and Foreign government sets x;¥ independently and private sectors response
optimally.

We next define the set of autarky plans under non-cooperation ((of;,0f), ©, @*, T, ©*¢).
Let (ofy,0) = {(of;,, 0% )t = 0,1,...} have of ,(§Y ) = ¥ and of (&) = &* for all
t=0,1,..and EV . Given (cf,0%), let each /%, j € [0,1] and ©*/°%, j* € [0,1] be the

allocation rules such that their continuations 7/% and 7*/"“ solve (FT) and (FT*) for all
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t=0,1,...and & ;. Let ®” and ®** be the allocation rules such that their continuations ®®
and @™ solves (HT) and (HT*) and are consistent with (MT) and (MT*), respectively,
forall r =0,1,... and &. It is essential to stress that when & > max(‘I’N ,‘P*N ), the worst
non-cooperative equilibrium under commitment coincides with the autarky plans under non-
cooperation. In addition, when & > max(1/y,(1/(1 — 7)), the autarky plan coincides with
non-cooperative equilibrium under discretion. These autarky plans differ from the existing
literature in some critical ways. The existing literature (Chari and Kehoe, 1990; Ireland,
1997) sets the autarky plans in a closed economy, so these plans are functions of its own
government’s history. The autarky plans in our study are functions of world policy history. In
addition, one government sets its autarky plan by taking the other government’s autarky plan
as given. With the definition of sustainable equilibrium, the following proposition indicates

that the autarky plans induce a sustainable equilibrium.

Proposition 3.6 ((c}},0f), n¢, 0, ©*¢, ®*?) is a sustainable equilibrium under non-cooperation

ifx>B/(y®) and x* > B /((1-7)P).

By construction, any sustainable outcome must be induced by an equilibrium under com-
mitment. When ® > max(WPV, ¥*V), the autarky plan is the worst non-cooperative equilib-
rium under commitment. Hence, Proposition 3.3 and 3.6 refers that if ® > max[1/y,1/(1 —
)], then ((of, 0f), %, 0%, ¢, w**) is a worst sustainable non-cooperative equilibrium.
Chari and Kehoe (1990) suggest that policy inducing the reversion to such a worst outcome
can be employed to feature the outcome with better levels of welfare.

It is worthwhile to discuss the conditions inside the Proposition 3.6. Given the Foreign
government and private sectors following the autarky plan, the Home government may have
incentive to deviate by deflating from the autarky plan to obtain one-period gain and revert
to the autarky plan after that because the private sectors adjust the inflation expectation
accordingly. The conditions, ¥ > 8 /(y®) and £* > B/((1 —y)®), are used to prevent such a

deviation.

44



We now provide the intuition of the revert-to-autarky plans under non-cooperation while
the formal setup is put in the appendix. Given an arbitrary world policy XV = (x", x*") and
an arbitrary allocation (IT,Q,IT*, Q*), the revert-to-autarky plans induce the continuation
of outcome ((x,x*V),I1,Q,IT*, Q*) as long as the world policy (x",x*V) has been chosen
in the past; if either or both governments choose not to follow the announced policy, this
strategy dictates to revert to autarky plans in both countries forever afterward.

Next, let UN* and U*N“ denote the constant value of Home and Foreign utility, respec-

tively, generated by the autarky plans ((of;,of), ¢, 0%, £*¢, @**) with £ = X and £* = x*:

VN L e
ghe — 1 (M) —i(ﬁ) , (3.37)

AN W\ ox
l—o 1
1 ,},WB o 1 ’}’Wﬁ o
*Na __ _
v _1—a(c1>x*> yW(q»z* ' (5-38)

Recall that U (pp 4, p}}J) is the maximum current-period welfare that Home government
achieves by deviating from x"V at time ¢, given that it has followed x" in every period before ¢
and Foreign government has chosen x*" until period # when private sector takes the revert-to-
autarky plan. Notation U*( DH 15 pl*p’t) 1s the maximum current-period welfare that Foreign
government achieves by deviating from x*V at time 7, given that it has followed x*" in every
period before + and Home government has chosen x" until period ¢ when private sector takes
the revert-to-autarky plan.

For an arbitrary policy pair and arbitrary allocation, the next proposition portrays a
necessary and sufficient condition for the existence of a sustainable equilibrium whose

outcome satisfies:

Proposition 3.7 Suppose ® > max[1/y,1/(1 —7)]. Let XN = (xV,x*N) be an arbitrary
policy pair and (I1, Q,IT*, Q*) be an arbitrary allocation. Then (XN I1,Q,IT*, Q*) is the

outcome of a sustainable equilibrium under non-cooperation if and only if:

(SN1) (XN, I1,Q,IT*, Q%) is an outcome of equilibrium under commitment;

45



(SN2) (XN I1,Q,IT*, Q*) satisfies

oo 11—
- i c
UN(pHvaFJ) + %UN& < Z B’ (ltisa —l,+s> , (3.39)
s=0
O (prag.phg) 4+ B vve < ¥ o (G0 3.40
pH7l7pF7t)+1_ﬁ —Zﬁ 1 — t+s | o ( . )
s=0

forallt =0,1..., where ¢;, ci, l;, and I} are determined by Q and Q*, and where py ;

and p., are found by I1 and I1* for allt = 0, 1...

Equation (3.39) and (3.40) are labeled as sustainability constraints which imply that in each
country the welfare generated by any sustainable equilibrium from date # onwards must be at
least as large as the one achieved by generating inflationary surprise at date ¢ and reverting to

the autarky forever after.

3.4.3 Sustainable equilibrium under cooperation

Although we can sequentially apply the same argument as in the previous subsection to
define sustainable equilibrium under cooperation and then to characterize the sustainable
outcome under cooperation, these equilibria and outcomes are different in a number of
aspects.

Foreacht =0,1,2..., let £C denote the history of government policy up to time ¢ where
EC={XE|s=0,1,...,t} and £, = 0. Let a world policy plan o be equal to (o1, 02, ..., ;)
where G,(étc_]) determines the money growth rates at time # conditional on the history thc_]
and let o’ denote the continuation of ¢ at # such that 6’ = {0;1|s = 0,1,2...}. It is clear
to see under cooperation a single policy plan determines the money growth rates in both
countries whereas under non-cooperation, there are two separate plans each of which dictating
the money growth in their own countries taking other country’s plan as given. The allocation
rule of firm now is conditional on the realization history §[€1 while that of household is

conditional on £C. The problem of the firm and household, and the market conditions are
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derived as under non-cooperation. The government problem, however, is that at each date
t=0,1,..., the governments take EC |, 7t/ for all j € [0,1], #*/" for all j* € [0,1], @, and

as given and decides a continuation policy ¢’ to solve

(GT®) Maximize

*1—o
ZB {cf” —lm}+2ﬁ {C“‘a—l;;s}, (341)

where ¢4, ¢4y, lits, and I, are determined by 7/ for all j € [0,1], #*/" for all

*€0,1], o, and w* forall s =0,1,...

Using the same logic, we can define the sustainable equilibrium under cooperation
including a policy plan ¢ and a set of allocation rules (7, @, t*, @*) which, in turn, induces
the sustainable outcome under cooperation, (X €. I1,Q,1T*, Q).

The set of autarky plans (6%, 7%, 0%, n* ®*?) is then defined consistently with the
existing literature. Let 09 = {of'|t = 0,1,...} have 6/(£C |) = (%,%*) forallt =0, 1,... and
EC |. Given 6, let each 7/%, j € [0,1] and 7*/°¢, j* € [0, 1] be the allocation rules such that
their continuations 7/ and 7*/"% solve (FT) and (FT*) for allt =0, 1,... and £C |. Let
®“ and 0** be the allocation rules such that their continuations @* and @** solves (HT)
and (HT*) and are consistent with (MT) and (MT*), respectively, for all = 0,1, ... and EC.
When @ > max(P¢, W*C), the autarky plan coincides with the worst cooperative equilibrium
under commitment. Moreover, the autarky plan coincides with the cooperative equilibrium
under discretion. With the definition of sustainable equilibrium, the following proposition

indicates that the autarky plans induce a sustainable equilibrium.
Proposition 3.8 (c%, %, 0, n** ®*?) is a sustainable equilibrium under cooperation.
By construction, any sustainable outcome of equilibrium under cooperation must be

induced by a cooperative equilibrium under commitment. When & > max (¢, ¥*C), the
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autarky plan is the worst cooperative equilibrium under commitment. Thus, both Proposition
3.3 and 3.8 implies that (c%, 7%, @*, ¢, ©**) is a worst sustainable cooperative equilibrium.
Given an arbitrary world policy X = (x€,x*C) and an arbitrary allocation (TT,Q, IT*, Q*),
the revert-to-autarky plans under cooperation induce the continuation of outcome (X € I1,Q,IT%, QF)
as long as X© has been chosen in the past; otherwise, the strategy specifies to adopt the
autarky plan forever.
Next, let U* and U*¢“ denote the constant value of Home and Foreign utility, respec-
tively, generated by the autarky plans (c¢, 7%, ®, *, 0**), using (3.23) with £ = ¥ and

2 =i"

11— - 1 1
1 ™BY © |, (YB\ * L[ (Y"BN  (Y'B\*
Ca *Ca __ o
R (@x) +(c1>x* W or ) or

(3.42)

Recall that U (py,, P +U *(pu s, PF,) is the maximum current-period weighted
utilities that the governments jointly achieve by defecting from X at time ¢, given that they
have followed X€ in every period before 7, when private sector takes the revert-to-autarky
plans accompanied by the outcome (X©,T1,Q,IT*,Q*). For an arbitrary policy pair and
arbitrary allocation, the next proposition portrays a necessary and sufficient condition for the

existence of a sustainable equilibrium whose outcome satisfies:

Proposition 3.9 Suppose ® > max(WC,¥*C). Let X¢ = (x¢,x*C) be an arbitrary world
policy and (T1,Q,IT*, Q*) be an arbitrary allocation. Then (X€,T1,Q,T1*, Q*) is the outcome

of a sustainable equilibrium if and only if:
(SC1I) (XC, I1,Q,IT*, Q%) is an outcome of equilibrium under commitment;
(SC2) (XC,11,Q,IT*, Q") satisfies

I-a *1—o

7 * 7 * * - ¢ S ¢ 3 *
(UC(PHJ’PF,:) +U C(PH,t,PF,z)) + 1-8 EB (Uca +U Ca) < Zﬁs <1Ta — s+ 7{?06 —l;+s> ;
s=0

(3.43)

48



forallt =0,1..., where ¢;, ¢}, l;, and I are determined by Q and Q*, and where py ;

and p., are found by I1 and I1* for allt = 0, 1...

Equation (3.43) is labeled as a sustainability constraint which implies that the weighted
welfare generated by any sustainable equilibrium from date ¢ forward must be at least as
big as the one obtained by jointly introducing the optimal monetary surprise at date ¢ and

reverting to the autarky forever after.

3.5 Sustainability of the global Friedman rule

Proposition 3.7 and 3.9 portray the set of conditions that must be held for the optimal
monetary policy under commitment in two types of policy regime to be a sustainable outcome.
When the condition in Proposition 3.7, ® > max[1/y,1/(1 —y)], is satisfied, the condition in
Proposition 3.9, ® > max (W<, ¥*C), is also satisfied as we have P¥¢ < 1 and (1 —7)¥*C < 1.
In this part, we consider the new aspect of the counterproductive cooperation by comparing
the restrictiveness of different sustainability constraints. We will show that when governments
cannot commit to their future policies, the sustainability constraint under cooperation may be
more restrictive than the set of two constraints under non-cooperation.

To express our argument in a formal form, we rearrange conditions (3.39) and (3.40) as

follows:

B UV -UN) >N -UY, (3.44)

B (U*N _ U*N“> >N _y, (3.45)

where 8 = /(1 — B) is an increasing function of the discount factor, §. The left-hand
side of (3.44) and (3.45) captures the present value of punishment from deviation whereas

the right-hand side of (3.44) and (3.45) captures the current incentive to deviate. These
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conditions can be reduced further

UN_UN N
B > UN —UNa =8 (d,a), (3.46)
U*N_U*N .
B> oy pwa =3 (2,0). (3.47)

When (3.46) and (3.47) hold, the punishment after a deviation is sufficient to preclude the
governments to deviate from the optimal policy under commitment. The higher the incentive
to deviate, or the lower the punishment following a deviation, the higher B (®, o), and hence
the higher ‘B is required to prevent the governments’ deviation. Define ‘By be the set of
the discount factor that satisfies B > B" (P, «) and B be the set of the discount factor
that satisfies B > B*V(®, o). Equilibrium under non-cooperation is sustainable if neither

government has temptation to deviate:

By NBF. (3.48)

The condition under cooperation is analogous:

g UCHU0) - (U +U™)

_ mC
= (UC T U*C) — (UCa 4 UCa) =2 (P, ). (3.49)

Let BY define a set of discount factor that satisfies (3.48) for an optimal non-cooperative
equilibrium under commitment as a solution when government lack of commitment. Also, let
BC define a set of discount factor that satisfies (3.49) for an optimal cooperative equilibrium
as a solution when government lack of commitment.

We focus on the situation in which the optimal monetary policies under commitment in
both policy regimes coincide and are featured by the global Friedman rule. That happens
when the monopolistic distortion is large such that & > ¥V ¥*N WC @p*C Moreover, when
the monopolistic distortion is satisfied, ® > max(1/y,1/(1 — 7)), high inflation outcomes

under discretion are used as punishment after deviating from the global Friedman rule.

50



If (XN JLQ,ITF, Q) is a non-cooperative equilibrium under commitment with XN =
(B,B) forallt =0,1,2,..., then (3.13), (3.14), (3.15), and (3.17) imply that this equilibrium

has py; = Py p}_‘, = 1_);, ¢r,and & forallt =0,1,..., where

P, =B @), i =B(p** 1 @)e, (3.50)
. (P\@ v (PT\"
c_(cp) , ¢ _(q)) . (3.51)

Recall that with py, = p,, and pj, = pj., the solution to (GD) and (GD*) are given by
(3.24) and (3.25). For large monopolistic distortion, & > max(1/y,1/(1—7), the one-period
welfare in Home and Foreign country can be expressed as

- o (@) @
0"(p,,.p}) = ) (3.52)

where

VN € 4l U

:’}/ 1=
BIYJBF(1 Y

(3.53)

is the efficient value of consumption in Home country under non-cooperation. Lastly, the

welfare under autarky plan is given by

, (3.54)

1
where ¢ = <7¥£ ) . Hence, when X" is characterized by the global Friedman rule, the (3.39)

becomes,
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When it comes to the cooperation regime, if (X©,IT, Q,IT*, Q) is a cooperative equilib-
rium under commitment with X¢ = (8, 8) forall# = 0,1,2, ..., then the equilibrium outcome
of consumption and prices are also given by (3.50) and (3.51). With pg; = p,, and Pry = B;’

the solution to (GD) is given by (3.27). Hence, the weighted welfare in the problem (CD) is

c 7+C (@) s
U™ (PyysPp) + U™ (P Py) = (1—a)p¥C "’ (3.56)

where &€ = (YW /WC)!/® is the efficient value of consumption in Home country under
cooperation. The weighted welfare under autarky plan is given by (3.54). Hence, when X is
characterized by the global Friedman rule, (3.43) becomes,

(5C)l—a & gl—a ¢ ol-o é
B (e o) (g pe) Stma o O9

where & = y*(1 — )01 (y!=% 4 (1 —y)1=%) > 1.

Letting X and X* be large, the welfare under autarky plan are all zero. We restrict our
attention to the case in which Y= 1/2, then ¥ = 1 and BY =B8N or BN =By = Bp. Asa
result, we only need to show that the one-period welfare that governments obtain by defecting
under cooperation is larger than those obtained under non-cooperation. Equivalently, if
& > &, then B > B or BE ¢ BY which can be interpreted as (3.43) being less likely to

hold than (3.55). Based on that, we have the following proposition:

Proposition 3.10 Suppose y = 1/2. If ® > 2, the cooperation without commitment is
counterproductive in the sense that the global Friedman rule is less likely to be sustained

under cooperation than under non-cooperation, or 8¢ C BV,

The condition B¢ C B implies that the discount factor under cooperation is required
to be higher than that under non-cooperation so as to keep the sustainability constraints
hold. An increase in the discount factor makes the revert-to-autarky plans more costly. Since
the cooperative governments have higher incentive to deviate, the discount factor under

cooperation must be greater in order to rule out deviation. In essence, when governments co-
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operate, they can jointly set the optimal inflation surprise so as to create short-run production
efficiency and then households consume at the maximum level. By contrast, the competition
mechanism lowers the short-run benefits from inflationary surprise and hence makes the
low-inflation policy under non-cooperation more credible. As a result, governments have
less incentives to deviate from the global Friedman rule when they do not cooperate, and this
makes the sustainability constraint more likely to hold.

We apply Corsetti and Pesenti (2001)’s logic to explain the mechanism of the above
result. An unexpected monetary expansion in Home country causes a depreciation in Home
currency. Such a depreciation increases the price of Home imports, thereby raising Home
inflation. As prices are sticky, Py is fixed within a period, the aggregate price of Home
country indexed by P, goes up by merely a proportion 1 — ¥ of the increase in the money
supply. Hence, the real balance of Home household increases with an unexpected expansion.
Meanwhile, since the real interest rate decreases globally in response with a rise in the money
supply, consumption increases proportionally in Home and Foreign country. This growth in
consumption together with a relatively expensive price of Foreign goods raise the demand
for Home goods, improving the Home output. This transmission is labeled as a standard New
Keynesian demand channel due to the coexistence of sticky nominal price and imperfect
competition in goods market. Briefly, in this channel, an unexpected monetary expansion
in Home country causes a consumption subsidy or a leisure tax that improves welfare by
boosting output toward the efficient level.

At the same time, an inflationary surprise generates an instantaneous depreciation of the
nominal exchange rate due to one-period price rigidity that deteriorates the terms of trade
of Home country in the short run. This deterioration leads to an expenditure shifting from
Foreign goods to Home goods. Because goods are traded, Home households only enjoy part
of consumption subsidy while the remainder is transferred to Foreign households through
the dynamics of the short-run terms of trade. However, Home households suffer the whole

burden of leisure tax because leisure cannot be traded. Hence, while consumption subsidy
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benefits households in both countries proportionally, the Home households must work more
than the Foreign households. This strategic terms of trade channel creates a deflationary bias.
Under cooperation, the New Keynesian demand channel is the only channel in operation
because it is optimal for governments to fix the nominal exchange rate thereby turns off
the strategic terms of trade channel. As a consequence, the unexpected monetary policy
is more expansionary under cooperation where the deflationary bias is absent than under
non-cooperation. Thus the short-run benefits from inflationary surprise under cooperation is

higher than that under non-cooperation.

3.6 Conclusion

The primary result in this chapter is that cooperation may be counterproductive in terms
of credibility. This new aspect of counterproductive cooperation relies on the difference
in the restrictiveness of the sustainability constraints. The central message of this result is
that when governments lack commitment technology, competition among policymakers is

regarded as partial commitment and then might be superior to cooperation.
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Chapter 4

Monetary Delegation and
Time-inconsistency in a New Keynesian

Two-country Model

4.1 Introduction

One of the solutions to the dynamic inconsistency theories of inflation a la Kydland and
Prescott (1977) and Barro and Gordon (1983b) is the monetary delegation approach. What
delegation implies here is to appoint a conservative central banker whose aversion to inflation
outweighs that of society. In line with this research field, Rogoff (1985a) provides a famous
prediction that has received great attention by economists: the more open the economy
becomes, the less inflation it suffers. The reason is that depreciation in real exchange rate
caused by an inflationary surprise will dampen the governments’ incentive to conduct such a
surprise. Romer (1993) provides strong evidence for a negative relationship between inflation
and openness. Based on this observation, it is natural to ask whether or not the openness of

economy affects the effectiveness of delegation approach in solving the inflationary bias.
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This chapter assesses a micro-founded two-country New Keynesian model. The processes
of delegation, reappointment, and monetary policy are formulated explicitly with the primary
assumption being that it is costly for the government to reappoint a central bank. The
international dimension adds the strategic games across countries in addition to those within
a nation. The openness of the economy is captured by the weight put on the foreign goods
in the domestic good bundle. A higher weight implies a more open economy. Our findings
are two folds: first, a more open economy requires a lower threshold of reappointment
cost parameter for the current central bank not to be reappointed. The interpretation is
that when the economy becomes more open, this economy enjoys a less consumption
subsidy as domestic good accounts for a smaller fraction of domestic expenditure. Therefore,
the central bank has less incentive to induce inflationary surprise. As a consequence, a
smaller reappointment cost is required to prevent the government from reappointing the
current central bank; second, when the reappointment cost is less than such a threshold,
the maintenance of central bank is more likely to be sustained in a more open economy.
The explanation is that the competition mechanism under a more open economy lowers the
short-run benefits from inflationary surprise even further, and hence make the commitment
equilibrium more sustainable.

This chapter is related to three strands of literature. First, we build on the monetary
delegation approach that is used to reduce or remove the inflation bias caused by time-
inconsistency problem. There are three forms of delegation: The first is to appoint a
conservative central banker whose inflation aversion is higher than the society’s (Rogoff,
1985a); The second is based on targeting rules in which the government imposes a penalty on
the central banker for any deviation from the targeted variable (Svensson, 1997); The third
is the contracting method (Walsh, 1995; Persson and Tabellini, 1993) in which monetary
policy delegation is regarded as a principal-agent problem. While the first two forms can
reduce the inflationary bias in general, the bias is not totally eliminated because of a trade-off

between inflation and output stabilization. The last form is more appealing as it completely
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removes the inflation bias as well as the stabilization bias. The underlying reason is that
the principal might design a contract such that the agent’s income is subject to its actions,
thereby altering the agent’s incentives. In the context of monetary policy, the institutional
structure of the central bank can affect its incentives when conducting policy. Walsh (1995)
derives the optimal rewards to the central bank so as to achieve the socially optimal policy.
Hence, in this chapter, we study the delegation in the contracting method.

However, this approach is questioned by McCallum (1995). He claims that delegation
does not solve the time-consistency problem, but merely postpones it. This verbal argument
is then formalized by Jensen (1997) with an introduction of a parameter capturing the
cost of reappointing a central bank. Bilbiie (2011) provides a stronger result that optimal
delegation is time inconsistent. However, in the same context, Driffill and Rotondi (2006)
argue against this result by showing that using a tougher contract with initial delegation
parameter being greater than the delegation parameter, delegation helps to ease the time-
consistency problem, but it comes at the cost of continually reappointing the central bank.
This feature is unrealistic as the central banker should be selected for a couple of periods
of time (Waller and Walsh, 1996). Basso (2009) points out that the functional form of
reappointment cost plays a important role. Jensen (1997)’s and Driffill and Rotondi (2006)’s
model use a quadratic function which has a zero reappointment cost at the margin. The
announcement of a central bank contract is regarded as cheap talk and therefore unable to
outweigh the government’s incentive to reappoint the central bank at each period. In reality,
the reappointment can generate non-negligible marginal cost even though the new central
bank is almost identical to the previous one. Basso then proposes an absolute value functional
form in which the marginal cost of reappointment is not equal to zero. Using this form
under a micro-founded model, he proved that there exists a threshold for reappointment cost
parameter such that delegation can be used to solve the time-consistency problem without
constant reappointments when this parameter is higher than the threshold. Otherwise, a

trigger-type strategy is required to sustain the commitment outcome.
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Second, we build on the literature on the effect of openness on inflation in the absence
of commitment ability. Rogoff (1985a) shows that under non-cooperation an unexpected
increase in the money growth rate leads to a depreciation in the real exchange rate discourag-
ing governments from inflating the economies. He claimed further that monetary cooperation
might be counterproductive as cooperation puts two countries into a single economy with
larger size but less open. This reduction in openness decreases the discouraging effect of the
real depreciation on governments’ incentives to conduct an inflationary surprise and hence
boosts inflation in equilibrium. Laskar (1989) extends the work of Rogoff (1985b) into a
two-country model and showed that conservative central bankers might worsen the welfare
in both countries in the absence of monetary cooperation. The reason is that the fear of the
inflationary effects caused by the real depreciation prevents the governments from expanding
monetary policies high enough. When putting a higher weight on the inflation objective, con-
servative central bankers amplify this fear and hence increase the inefficiency of equilibrium
under non-cooperation. Using a similar model, Alesina and Grilli (1991) also find a welfare
reduction when delegating monetary policy in an international framework. These papers
specify an ad hoc utility function to consider the game between two conservative central
bankers. We instead rely on a micro-founded framework to analyze delegation in the form
of Walsh’s contracting method. We compare the effectiveness of delegation approach under
closed economy with that under open economy and provide the interpretation of mechanism
behind the results which are different from previous studies in some meaningful ways. In a
micro-founded New Keynesian open economy, an unanticipated expansion is regarded as a
consumption subsidy or a leisure tax. The costs of leisure tax impose stronger dampening
effects on the governments’ temptation to run an inflationary surprise as goods are traded
across countries so that each state only enjoys a proposition of consumption subsidy whereas
the closed economy takes the whole benefits of such a subsidy.

Third, we apply the sustainable plan proposed by Chari and Kehoe (1990) to characterize

the set of sustainable outcome. Ireland (1997) and Kurozumi (2008) use this method to feature

58



the optimal policy in a canonical New Keynesian model with inflation bias and stabilization
bias, respectively. This chapter investigate the effect of openness on the sustainability
constraints and finds a more restrictive constraint under a more open economy

The remaining of this chapter is organized as follows: Section 2 presents the model and
Section 3 considers monetary delegation with commitment. Delegation and sustainability
of Nash equilibria are analyzed in Section 4. Section 5 offers some concluding remarks.

Derivations and proofs are put at the appendix.

4.2 Model

The economic environment is an extension of Basso (2009)’s closed economy to a model
with two countries, Home and Foreign, and each country consists of (i) a representative
household, (ii) a continuum of monopolistic firms indexed by j € [0,1] for Home and
j* €[0,1] for Foreign country respectively, (iii) a governmental structure which sets monetary
policy. Except for consumption and labor, all lower case variables are defined as the ratio of
nominal variables to the domestic money supply. Variables with asterisks denote for variables
of the Foreign country. We introduce no shock into the model, so this chapter presents a
deterministic analysis.

The representative household maximizes its utility derived from consumption and leisure
subject to a cash-in-advance constraint and a standard budget constraint. The Home household

has the utility function

_\ g (CH,t)a(CF,t)S
Uy —t_ZOﬁ {(W) —lt}, (4.1)

and faces the following constraints:

0/(6-1)

1
, cF,tz{/O ct<j*><9—”/9dj*] . (42)

1 011/ 0/(6-1)
CHi = {/0 e (j) OV d]}
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where Home’s consumption bundle includes goods produced in Home, cy ; and in Foreign,
cr, (given in (4.2)), I; is the number of hours supplied, m; is the cash holdings to next
period, and b, is the bond holding to next period. Parameters & and & are weights put
on domestic and foreign goods, respectively and they are allowed to be different such that

o # 6. We assume &, 0 € (0,1) and 0 < w+ 6 < 1. The Foreign utility function is that

oo % \a (. x \O
leZW{<@%£§iJ—K} (4.6)
t=0

The cash-in-advance constraint (4.4) is used to explain why households hold real balance,
and hence the welfare cost of expected inflation as households inefficiently economize their
money holdings in response to an expected increase in the money growth rate which raises
net nominal interest rate above zero.

R, is the gross interest rate of a domestic bond, w; the wage, §;(j) the profits of firm j

(defined below), and the aggregate price is given as follows:

1 e 1/(1-0)
;PR = { /0 pr:(J7) dj*} . @
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As in Ireland (1997), the money growth rate is bounded on both sides to guarantee a monetary
equilibrium. The lower bound is imposed, so the net nominal interest rate (R, — 1) is non-
negative in equilibrium, while the upper bound ensures that private agents never prohibit the
use of money a la Calvo (1978). Let B € (0,1) be the subjective discount rate and 6 > 1
be the elasticity of substitution between goods produced within a country. The elasticity of
substitution between domestic and foreign goods is unity.

The utility of Home household can be expressed in a recursive form which will be useful

in a later analysis of this chapter:

v (me,x;) =

((cma(cp,z)ﬁ

aa55 > —lt+ﬁVH(mt+1,xt+1). (48)

Firm j production function is y,(j) = ;(j). Attime t =0,1,2,... each firm sets py ()

to maximize profits

G(j)= [PH,z(j> —wi|y: (), 4.9)

where y;(j) = cu(j) +cj;(j). Free trade implies that the law of one price is satisfied for
each good, pr(j) = S:py,(J) and pr,(j*) = Sipf,(j*). We then define the terms of trade,
T = pr./(S:PF,), as the ratio of export price to import price in which prices are measured
in Home currency.

Departing from the single unit of governmental structure in Ireland (1997), our structure
consists of two authorities in each country: a government and a central bank. The government
is responsible for setting an initial delegation contract to the central bank at the beginning of
the period. Following Jensen (1997), the government is then allowed to reappoint the central
bank altering the initial contract, at a determined cost, after observing the prices set by firms.
The initial delegation contracts are summarized by the variable g/ > 1 for the Home country
and g/ > 1 for the Foreign country, which determine the costs of the central banks from

setting the money growth rate greater than 3. The reappointment contract is described by
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the variables ¢;,q; > 1. If ¢/ = q; and ¢/"* = ¢/, then the central banks are not reappointed
while if ¢ # g; and ¢/"* # g}, the central bank contracts are altered at time #. It is worth to
explain that the terminology "reappointment" in this chapter means the current central banker
is dismissed and replaced by a new central banker.

Each central bank controls her money supply and makes a lump-sum transfer to the
respective representative individual at the beginning of date t = 0, 1,2, ... This transfer is
(x; — 1)M for the home central bank and (x* — 1)M;* for the foreign central bank, where M}
and M;* are, respectively, the per capita home money stock and foreign money stock at the
beginning of time ¢ and x; and x; are, respectively, the gross money growth rates in the home
and foreign countries. So M; | = x;M; and M7, = x; M;".

In the home country, the reappointment decision is made to maximize the welfare of the
representative home household minus a penalty if the central bank is in fact reappointed.

Hence, the Home government objective function is

Ve = iﬁt { (—(CH”)Q(CF’I)(S) — L —ogla q“)}- (4.10)
= a®s9d Yt

Function g(.) is a reappointment cost function dependent on the initial delegation contract
captured by variable g{, the reappointment contract represented by variable g;, and the
reappointment cost parameter denoted by ¢. Parameter ¢, which is assumed to be positive,
determines the weight of the reappointment cost relative to the economy’s welfare in the
home government’s objective function. A higher ¢ increases the difficulty in adjusting the
monetary conditions after the setting of the nominal prices. This parameter is set to be
nonnegative to capture the idea that the government will be punished for any deviation from
its announcement.

The central bank sets the actual monetary policy to maximize the household welfare
minus a linear adjustment cost, determined by the government, which punishes the central

bank if the money supply is higher than the optimal commitment level, x;, = 3. Thus, the
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central bank’s objective function is

- c zaC 15 t—
VCB:ZBt{<%>—lt—q l(xt_B)}. (4.11)
t=0

PH

4.3 Monetary delegation with commitment

Under commitment, the optimization of government and central bank are expressed as

follows. The Home government’s delegation problem (GRO)) is

- cu)*(cry J
Vo= max Y B { (M) —zt—¢g<q;,q?>}, 4.12)

(e} 05 %50

taking k§ and pg as given. Let g = {q:};2.

The initial appointment decision is also made to maximize the welfare of the household;
however, this decision is made before prices are set. As the government acts strategically,
it already predicts that it might reappoint the central bank in the future and takes that
into account when setting the initial delegation parameter. Thus, the government’s initial

delegation problem (GDO) is

o 1)
o= s £ { (L) |

{q }t =0r=

Let ¢* = {q{'};> ;.- Define the government action at time t as Q; = {g{',¢;} and Q = {Q;|t =
0,1,..}.

The central bank’s problem in the Home country (CBO) is given by

1 hiZ01=0 H

c cray)%(c t6 t
Ve = max Zﬁt{(%)—lt—"p 1<xt—ﬁ>}, (4.14)

taking the current period delegation, g, and prices, pp o, as given. There exist counterpart

optimization for the government and central bank in the foreign country.
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When governments can commit to their future policies, the governments set policies once
and for all and then firms, central banks and households make their decisions sequentially.
As a consequence, reappointments do not happen or at time zero the governments can
pre-commit to appoint the central banks with delegation parameter § = ¢ = g; in Home
country and §* = g;* = ¢; in Foreign country for all 7 = {0, 1,2...}. For the central banks, let
x={x|t=0,1,2,...} and x* = {x]|t = 0,1,2, ...} denote an infinite sequence of the money
growth rates in Home and Foreign country respectively, where x; € [, %] and x; € [B,x] for
allz =0,1,2,... Combining all of them, let G = (x, Q,x*, 0*) be the world money policy of
the entire governmental structure. It is worthwhile to note that when ¢f = ¢; and ¢/“ = ¢,
the delegation problem is equivalent to an extension along an international dimension of the
Ramsey problem documented by Ireland (1997) in which government sets money growth
directly, but in this chapter, it sets delegation parameters to maximize households’ objective
function.

We now define the rules and allocations for Home country, and those of Foreign country
are analogous. In Home country, firms and households behavior, given a world policy
G = (x,Q,x*,Q"), are characterized by allocation rule 7/ (G), j € [0, 1] and @(G). The Home
representative firm’s rule 7/(G) dictates how price, py (), t = 0,1,2,..., is chosen for each
possible set of policy G . The representative household’s rule @(G) dictates choices for
Q = (cus,creca(J)scre(G°)s lr,mi1,bi41), t =0,1,2, ... for each possible world policy
G. Let 7 refer to the set of function 7/ for all j € [0,1]. Then & and @ map world policy
G into allocations (I1,Q), where IT = {Il/|j € [0,1]}, TV = {pu,(j)|t = 0,1,2,...}, and
Q= {Q|r=0,1,2,...}. Hence, together with those from Foreign country the allocation
(IT, Q,IT*, Q*) portrays the sequence of equilibrium prices and quantities that achieve when
governments implement the policy set, G, private sectors react based on 7, @, ©*, and ®*.

Given G, th(G) for all j # j, 7%/ (G) for all j* € [0,1], ®(G), and ®*(G), the Home

representative firm’s choice of 7/(G) solves
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(FO) Maximize (4.9) for each t = 0,1,2, ..., taking w;, w;, pn;, and p}’t as given for all

t=0,1,2,...

Given G, n/(G) for all j € [0,1] and &/ (G) for all j* € [0, 1], the Home representative

household’s choice of ®(G) solves

(HO) Maximize (4.1) subject to (4.2), (4.3), (4.4) and (4.5) foreacht =0, 1,2, ..., taking as
given & (), & (j*), wi, w), Ry and Ry for all j, j* € [0,1] and7 =0, 1,2,...

In addition, ®(G) must correspond with the appropriate market clearing conditions

MO) miy1=1,b;41 =0,y =i, yr =cus+ C1*-1,t and the currency exchange market clearing

conditions

Xt

S, = (4.15)

x—;ﬂ
which comes from the fact that in each country the value of export is equal to that of import
denominated in the domestic currency. In the same fashion, for Foreign country we can
derive the problem for firm and household, FO* and HO*, respectively together with the
market clearing condition, MO*.

An equilibrium under commitment consists for a set of world policy G and an allocation
(IT, Q,IT*, Q*) that satisfy: (i) Given G, I for all j € [0,1], J # j, and (Q,TT*,Q*), each
IV solves (FO). Given G, IT*/" for all j* € [0,1], 7* # j*, and (IT,Q,Q*), each IT*/" solves
(FO*); (ii) Given G and (IL IT*,Q*), Q solves (HO). Given G and (IT,Q,IT*), Q* solves
(HO™); (iii) Q and Q* correspond with (MO) and (MO*), respectively. The definition does
not require the policy set to be chosen optimally. Therefore, this definition allows us to derive
the optimal monetary policy by first featuring the whole set of equilibria under commitment
and then choosing the policy set that independently maximizes the utility functions in each

country.
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The necessary and sufficient conditions for a solution to the Household problem (HO

and HO") collapse to:!

o Xt 5 Xt
_ E . 2 4.16
CHJ a—|—5pH7t7 CFJ (X—'—SPFJ, ( )
% o x;" . I x;
_ K _ 4.17
CF,[ a+6p;‘[7 CHJ a+6p>]k{[7 ( )
=1 — (4.18)
PH PFry
W = AR . W= MATE . (4.19)
3(06+5)/(06“55)C?1,z+1027t+1 ﬁ(a+5)/(aa55)c}?+lc§7t+l
os6 o ) o+ a®S%) (¢t V% (c*, )0
i @B e (er)® L (@908 ) i,
f—o0 X f—o0 x;
(4.20)

For the firm’s problem (F O and F' O*), the unique solution means that all firms charge
the same of a fixed markup of price over marginal cost so that

0 o .

PH: = 72— Wr, PFi = " (4.21)

We now study the natural benchmark where governments set monetary policy inde-
pendently. An optimal non-cooperative equilibrium under commitment is an equilibrium
under commitment that satisfies the following: (i) taking as given ¢*“, the Home government
chooses g“ to maximize the Home welfare function minus initial delegation cost; taking as
given ¢*, the Home government chooses ¢ to optimize the Home welfare function minus
reappointment cost; taking as given x*, the Home central bank chooses x to optimize the

Home welfare function minus linear adjustment cost, and (ii) taking as given ¢, the Foreign

Isee Appendix B.1 for derivation
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government chooses ¢*¢ to maximize the Foreign welfare function minus initial delegation
cost; taking as given g, the Foreign government chooses ¢* to maximize the Foreign welfare
function minus reappointment cost; taking as given x, the Foreign central bank chooses x* to
maximize the Foreign welfare function minus linear adjustment cost.

Plugging the household’s first-order conditions (4.16) and (4.18) into the Home central

bank’s objective function yields

1)
> 1 x \* [ xt X —1
Ves =Y B ! ) S N —B) S @422
CB E(,)B (a+6)a+6 < <p}<7.,l) (x B) ( )

PH t PH ¢ PH ¢

The money growth rate in Home country at time t =0, 1,2, ... is set such that

1)

L% N T
v— ((0+8)% /ag )™ (” F) prs, for B <x < (4.23)
X

t

Similarly, the money growth in the Foreign country is as follows:

)
L a1
v = ((a+ 8% /ag)) ™" (%) Pis, for B <x! <% (4.24)

t

We assume that under commitment central banks set a constant money growth rate, x; = X
and x; = X* for all t = 0, 1,2,.... This assumption is theoretically justified as the central
banks can follow the Friedman rule. In reality, it seems to fit the stylized facts that some
central banks have announced to target a constant money growth rate. This assumption with

(4.19) and (4.21) give the following difference equations:

0(a+8)* ! 5 s a

*0
= 4.25
PH, (9_1>B X X PHt+1PFr+15 ( )
* 9(a+3)a+5_1 Ax2—0a—0 % )
PFri = CES ¥ PF1+1PH 141- (4.26)
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Solving these first-order difference equations yields

I
Ola+5)etd-1\Ted | .
— AT a8 (1—atd) ¥ T—a=8)(I—a+td) 4.27
1
9(a+6)a+8—1 1—o—6 ot l—a s
A T T e o -atd) gT-a 8)(1-atd) 4.08
pF,t ( (9 _ 1)B X X ( )

Substituting (4.27) and (4.28) into (4.23) and (4.24), we obtain the optimal money growth

rates

(6 -1)(1+6/a)B .

L(0-1)(1+6/a)B
9 Y

(4.29)

in which the optimal money growth rate in Home country is independent of the Foreign
country’s money growth rate and vice versa. It is essential to stress that although the policy
actions implemented by Home government affect the welfare of the Foreign agents, they do
not affect the optimal money growth rate in the Foreign country.

A combination of the optimal money growth rate given by (4.29) and the central banks’
utility functions with adjustment cost reveal the trade-off facing the governments when
setting the delegation parameters. A higher delegation parameter leads to lower incentive
of the central bank to deviate since it is more costly for them to do so in terms of welfare.
Meanwhile, according to (4.29), the central banks set the money growth rates subject to the
current level of delegation parameter. Hence, the governments have to balance the trade-off
when designing the contract with the central banks.

Under commitment, an increase in Home openness, 8, causes Home central bank to
inflate more because it can export the inflation cost abroad through the expenditure switching
channel in which households in both countries will substitute away from the Home goods into
the Foreign goods as the former becomes relatively expensive than the latter. When 6 = 0,
optimal monetary growth rate coincides with Basso (2009)’s result. Basso argues that the

optimal delegation parameter should be set equal to the monopolistic distortion which is the
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markup price to dampen the central bank’s incentive to raise output and thereby restore the
Friedman rule. He explains further that a larger monopolistic distortion in the goods market
causes a severer inefficiency and tempts central bank to increase money supply. However, we
have different explanation such that the monopolistic distortion reduces the central bank’s
incentive to run inflation. Arseneau (2007) claims that because the output and consumption
are already far below the efficient level, the marginal utility of consumption is relatively high
compared with the case of perfect competition, causing expected inflation more costly.

As the money growth rates are bounded on both sides, (4.29) implies that delegation
parameters are too. Moreover, the money growth rate has a linear and positive relationship
with the level of delegation parameter so that government cannot set an arbitrarily large value
of the delegation since it dictates central bank to set a high money growth rate or even hit
the upper bound with significantly high inflation. To guarantee the central banks set £ = 3
and £* = B3, the optimal choice to maximize consumption, the optimal delegation parameter
need not be uniquely determined as in Basso (2009). Rather, it can be any number whose
value lies between the lower bound and 6/[(6 — 1)(1+ 6/a)]. When 0 approaches zero, the
upper bound approaches the markup so that to achieve the Friedman rule, the government
cannot set the delegation parameter exceeding the markup level which is the maximum of
dampening effect caused by monopolistic competition. A higher openness, 6 > 0, narrows
the range value of delegation parameter thereby lowers the government’s power to design a
contract with a central bank since a part of the monopolistic distortion is used to dampen
the central bank’s incentive to inflate economy strategically. In what follows, we simply set
the optimal delegation parameter equal to the highest possible value restoring the Friedman
rule such that § = 0/[(6 — 1)(1+ 6/a)] in Home country and §* = 6/[(6 —1)(1+ /)]

in Foreign country. The following proposition is summarized the above discussion:

69



Proposition 4.1 The maximum of the optimal delegation parameter under commitment
decreases in the openness of economy such that

dg dg*

55 <0.

Because we substitute the first order conditions of households and firms into the central
banks’ and governments’ problems, the allocation set (IT, Q,IT", Q*) that refers g, §*, and
£ =2* =B is an equilibrium under commitment. As long as § =60/[(6 —1)(1+ /)] and
G*=06/[(6—1)(1+06/a)], central banks sequentially choose not to deviate from £ = £* = f3.
Based on that, we achieve a two-country economy version of the Ramsey outcome under
commitment along the line of Ireland (1997) which includes a Friedman rule such that
Xy = x; = P and zero net nominal interest rates R, = R; = 1 in both countries. In what
follows, whenever we mention the Ramsey outcome, we refer to the outcome generated by
the optimal commitment policy with no reappointment.

When governments cannot commit to their appointments, firms, households, central
banks, and governments reoptimize their plans at each date t = 0,1,2,..., based on the
history of policy variables. While neither firms nor households aware the possible effects
of their actions on decision making by governmental institutes and other private agents, the
private sectors’ expectations are influenced by the current policy decisions, which require
the governments to take into account their reputation. In our framework, the source of
time inconsistency problem shifts from the monetary policy decision to the delegation and
therefore the idea of using delegation to eliminate the time-inconsistency problem was
criticized by McCallum (1995) that this method only relocates the problem to the delegation
decision making. Jensen (1997) is the first to formally model and verify the McCallum
(1995)’s argument, but in the same context, Driffill and Rotondi (2006) prove that a tougher
appointment strategy could remove the time-consistency problem at the expense of a constant
reappointment. Basso (2009) develops a micro-founded model and confirms the Driffill

and Rotondi (2006)’s unrealistic result in which he claims that a quadratic reappointment
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cost function with zero marginal cost of reappointing causes a constant reappointment when
dealing with the time-consistency problem. To overcome this, Basso introduced an absolute
functional form which creates a small jump in reappointing. The next section focuses
on Basso’s absolute value reappointment cost function in analyzing the effectiveness of

delegation under the open economy environment.

4.4 Monetary delegation without commitment

In this section, we first define the concept of sustainable equilibrium. We then study the
equilibrium under discretion by considering whether the monetary delegation approach can
solve the time inconsistency problem, what problems are remaining, and what additional

conditions are needed.

4.4.1 Sustainable equilibrium

We model the timing schedule with five stages as follows. First, the initial delegation
parameters are chosen by the governments. Second, firms set prices. Third, the governments
decide to whether reappoint the central bank or not. Fourth, central banks decide the actual
money growth rate and fifth the households choose their allocations. In the absence of
commitment technology, the optimal delegation policy under commitment suffers a time
consistency problem. Since governments can observe the prices set by firms before deciding
the reappointment and since the economy productions are sufficiently low due to the imperfect
competition, the governments have incentives to set a higher delegation parameter than the
optimal commitment one. After firms make price decisions, the government has an incentive
to reappoint a central bank who will set the money growth rate higher than the commitment
level. In equilibrium, firms understand these incentives and adjust their price accordingly.

Hence, such a government’s action only generates an inflationary bias. This mechanism is a
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modified version of time consistency problem pioneered by Barro and Gordon (1983a) due
to the presence of monopolistic competition and sticky price.

For each t = 0, 1,2..., denote the history pair of government policy up to time ¢ by & =
(Ery,EFy) where Epy = {(Qs,x5)|s =0,1,...,t}, Epy = {(QF,x) s =0,1,...,t}, &g 1 =0,
and Ep 1 = 0. Let a pair of of government delegation rule (¢y,Gr,) be equal to (Gu 1,6r,1),
(GH2,GF2)s s (GH 1, GF:) Where Gy ¢(&—1) determines Home government delegation g at
time 7 in Home country conditional on the history & _; and taking Foreign monetary policy
at time ¢ as given, and ¢r,(&;_1) determines Foreign government delegation ¢;¢ at time ¢ in
Foreign country conditional on the history &_; and taking Home monetary policy at time ¢
as given.

In Home country, the representative Home firm, given the history & 1, ¢, and g;* set
prices for period ¢ in the second stage. Let the firm’s pricing rule be given by 7/ = {7r,] It =
0,1,2...}, where 7'6{ (&—1,9%,4;") determines the choice of py () conditional on the history
&1, ¢7, and ¢/ Given &_1, ¢¢, ¢/, and PH,, the Home government decides the new
contract parameter for time 7, g; by using the reappointment rule pg;(&—_1,4¢,9%) = q:.
After that, the Home central bank decides the Home monetary policy conditional on &1, ¢7,
q;%, q, and g, and taking the Foreign monetary policy as given. Denote the Home monetary
policy rule be 64 ;(&—1,0r, ;) = x;. The future policy histories from &1 = (&g r—1,Er1—1)
are achieved by using the Home policy plan ¢}, p},, and o}, to update &g, 1, and its Foreign
counterparts to update {p,—1. Given the new policy history &, the allocation rule for the
representative Home household is a sequence of function @ = {ay|t = 0,1,2...}, where
(&) determines the choice of Q; conditional on &. Let a policy plan (¢y, pr, On) be equal
to (Gm.0,PH.0,OH.0,GH.1,PH.1,0H.1,--.), and denote (G};, pl;, Of;) as the continuation of each
policy at time ¢. Similar definitions apply for allocation rules 7 and ®.

Without commitment, dividends & (j) = §(j, &), wage rates w, = w;(&;), interest rates
R; = R/(&;), and the price level py; = pu:(&—1,47,q;*) is also function of the policy

history. At any date ¢ and history & _, private agents can use (Gy, Py, 0y ) and (Gr, Pr, OF)
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to update the all possible future histories, &g ry5, Epsts, s = 0,1,2..., and their knowledge
of the functions & s(j,&r1s)s Wits(&its)s Ri(&ivs)> and prsvs = pri+s(Grs—1,G1 5, a1Ss)-
Analogously, we can obtain policy, price, and allocation rules in Foreign country.

The representative firm enters each period 7 = 0, 1,2... by taking as given &_1, ¢, ¢},
(SH,pH,0OH), (SF,PF,OF), 7/ for all je0,1], j# j, m* (x,x*) for all j* € [0,1], @, and

*, and makes a choice of /! to solve

(FT) Maximize
Cits (]) = [pHJ—i-s (]) - Wt—f—s]yt—i—s (])7 (4.30)

foreachs=0,1,2... taking w; 45 = Wt+s(5t+s), PH t+s = pH7t+S<§l+Sfl)’ Pr+s = Pt+s(ét+s71)’
and & 5 = (&15-1,Qrvs, QF 5o Xr 45, X 1) Where gy o = Gapvs(&rs-1)s
Gi+s = PH +s(&rr5—1,G1 50 07L s)s Xibs = Ol 145 (&rps—1, 1, OF 4 5)> 41 s = SFits(Grs—1),
Tivs = PFr+s(Gr5-1,G1L 5 gt vs)s and X7 = OF 45 (G515 Ortos, Ofy ) as given for all
s=0,1,2...
In each period =0, 1,2... the representative household takes &, (¢y, pr, 0n), (SF, PF, OF ),
n/ for all j € [0,1], 7*/° for all j* € [0,1] and ®* as given and make a decision on @' to

solve

(HT) Maximize

o a )
Z B { ((CH,I—O—iaéC:dF,Z—H) ) —lt+s}7 (4.31)

s=0
subject to
1 6/(6-1) 1 6/(6-1)
CHt+s = {/0 Ct—b—s(j)(e_l)/edj] y CFt4s = {/0 Ct+s(j*)(0_l)/edj*} )
4.32)
1
s = /O s (), (433)

73



D ys1Xt4s

Y

1 1
/O pH.,t—l—s(j)CH,t—O—s(j)dj +/0 pF,t—i-s(j*)CF,t—i-s(j*)dj* <myys+ (xl—i-s - 1) + b5 — R
t+s

(4.34)

1 1 1
| pressieniesdi+ [ presserGIT < mis+ (e 1) + bt [ Grli)di

Drys1Xt4s

+Wisliqs — — My 541Xt +s,

Rt+s
(4.35)

for each s =0,1,2..., taking §45(j) = Gps(J, &)y §s(UF) = &g (573 Eis)s Wigs =
Wits(Eras)s Wiis = Wf+s(5t+s)a Riys = Riys(&ivs), R = R?+s(§t+s)’ and & =
(§t+s71 , Ors, Q?-;-syxtﬁ—mx;:-s) where Q?ﬂ = €H7t+s(€t+s71), dt+s = pH7t+s(5H,t+571 ) Q?.Ha q;ﬁs),

Xtts = GH,t+s(€t+S—l ) Qt+37 Q;(Jrs)’ q;’ﬁs = gF,l‘+S<€t+S—1 )’ Q;:Ls = PF,t+s(§t+s—1,(]ﬁs,‘ﬁﬁs),

and x; ¢ = OF145(&r5—1, Qits, Of4) as given forall j € [0,1] and s =0,1,2...

Moreover, for each t = 0,1,2,... and &, the continuation policy @’ must correspond with the

market clearing conditions:

(MT) Myt = 1, Brigit =0, Vs = by Vs = Ch s +Clp 4, and the currency exchange

market clearing conditions

Spyy = b8 (4.36)

Xt+s

foralls =0,1,2,...

In the same manner, for Foreign country we can characterize the problem for the firm and

household, FT* and HT*, respectively together with the market clearing condition, MT*.
In the first stage, at each date r = 0, 1, ..., under non-cooperation the Home government

takes g%, & _1, m/ for all j € [0,1], n*/" for all j* € [0,1], ®, and @* as given and decides a

continuation policy ¢}, to solve
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(GDT) Maximize

[eS) o o
Z ﬁs { < <CH7t+2aéc5F7t+s> ) - lt+s — (pg(qt-i-sa qg—b—s) } ’ (437)
s=0

where ¢;; and I, are determined by 7t/ for all j € [0,1], #*/" for all j* € [0, 1], @,

and 0* forall s =0,1,2,...

In the third stage, at each date r =0, 1,2, ..., under non-cooperation the Home government
takes g, g%, ¢, &_1, n/ for all j € [0,1], &*/" for all j* € [0,1], ®, and ®* as given and

decides a continuation policy pj; to solve

(GRT) Maximize

0 o 0
Z B* { <(CH7I+2OC;C;SFJ+S) ) L — (Pg(QI+S7qla+s) }, (4.38)
s=0

where ¢ and I, ; are determined by 7/ for all j € [0, 1], m*/" for all j* € [0,1], o,

and o* forall s =0,1,2,...

In the fourth stage, at each date t =0, 1,2, ..., under non-cooperation the Home central
bank takes x7, ¢%, /%, q1, g/, &1, @/ for all j € [0,1], 7" for all j¥€[0,1], , and ®* as

given and decides a continuation policy o}, to solve

(CBT) Maximize

= t+s « t+s 0 s— 1
ZﬁS{((”” e )—zm—q” <xf+s—ﬁ>}, (439)
s=0

PH t+s

where ¢, and [, are determined by 7/ for all j € [0,1], #*/" for all j* € [0,1], o,

and o* forall s =0,1,2, ...

Let 7 and * denote the set of function 7/ for all j € [0,1] and 7*/" for all j* € [0,1],

respectively. As in Chari and Kehoe (1990), we use the concept of sustainable equilibrium to
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refer outcome that can predominate when governments cannot commit to their future policies.
A sustainable equilibrium includes a set of policy plan ¢ = (¢y, Sr, pH, PF,OH,OF) and a
set of allocation rules (7, @, 7%, ®*) that satisfy: (i) Given o, 7/ for all jelo,1],j#j, o
for all j* € [0, 1], , and @*, the continuation 7/ of each 7t/ solves (FT) forallt =0, 1, ...
and &_1. Given o, 7/ for all j € [0,1], 7" for all 7 e0,1], j* # j*, o, and ®*, the
continuation 7*/* of each 7*/" solves (FT*) for allt =0, 1,... and &_1; (ii) Given o, 7/ for
all j € [0,1], &*/" for all j* € [0,1], and @*, the continuation @' of @ solves (HT) for all
t=0,1,...and &. Given o, 7t/ forall j € [0,1], #*/" for all j* € [0, 1], and o, the continuation
o* of w* solves (HT*) for all t = 0,1,... and &; (iii) the continuation of @ and ®* are
corresponding with (MT) and (MT*), respectively, for all t =0, 1,... and &; (iv) Given
(Gr,PH,PF,0H,0F), ® forall j € [0,1], 7%/ for all j* € [0, 1], ®, and ®*, the continuation
g, solves (GDT) forall t =0, 1,... and &_1; Given (¢u, pu, Pr, On, O ), o/ for all j € [0, 1],
7" for all j* € [0,1], @, and @*, the continuation g solves (GDT*) for allt =0, 1,... and
&_1; (v) Given (¢y,Gr, pr,0n,0F), ml for all j € [0,1], #*/" for all j* € [0,1], ®, and w*,
the continuation pj; solves (GRT) for allt =0, 1,... and & _1; Given (¢u,Gr, PF, OH, OF),
/ for all j € [0,1], £*/" for all j* € [0,1], ®, and ®*, the continuation p. solves (GRT™*)
forallt =0,1,... and &_;; (vi) Given (¢y,Gr, P, Pr,OF), &/ for all j € [0,1], &*/" for all
J7F€10,1], @, and w*, the continuation o, solves (CBT) forallt =0, 1,... and &_1; Given
(GH+SF»PH, PF,On), Tl for all j € [0,1], m*/" for all j* € [0,1], @, and @*, the continuation
ol solves (CBT*) forallt =0,1,... and §_;

A sustainable equilibrium under non-cooperation (0,7, ®, 7", ®*) induces a sustain-
able outcome, (G,I1,Q,IT*, Q*) which is defined as follows. From & ; = 0, compute
& = (Eny,Ery) where &g = {Ep 4|t = 0,1,...} and & = {&p4|t = 0,1,...}, and compute
G = {G/|t =0,1,...} where G; = (x1,0:,x},0Q;) by employing ¢! = ¢u;({—1), g/ =
6ri(&-1)s @ = pui(&-1,97,47), af = Pra(&—1,4f,q7), X = om(&—1,01,0f), X[ =
ori(&-1,00,00), Ens = (Eni1,9%,q1, %), and Epy = (Eps—1,q7%, g ,x}). After that, for
allt =0,1,..., compute I[1 = {Il/|j € [0,1]}, IV = {pu,(j)[t =0,1,...} and Q = {Q|t =
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0,1,...} using py(j) = 7w (E—1,q%,q) for all j € [0,1] and Q, = o (&). Similarly we can
get IT* and Q*. Hence, the sustainable outcome (o, 7, ®, 7%, ®*) portrays the sequence of
equilibrium prices and quantities that achieves when governments sets policy independently

and private sectors response optimally.

4.4.2 Equilibrium under discretion

We now examine whether the monetary delegation approach can solve the time incon-
sistency problem under discretion. In addition to the sustainable equilibrium, we employ
the concept of Markov equilibrium contributed by the work of Albanesi et al. (2003) to
analyze the monetary policy under discretion because in the absence of state variables as in
our model, the Markov equilibrium coincides with an equilibrium under discretion. The two
elegant characteristics of Markov equilibrium simplify the analysis. The link between the

two equilibrium concepts are given by the following proposition:
Proposition 4.2 The Markov equilibrium is also a sustainable equilibrium.

This proposition is proved by Basso (2009) in a closed economy. The same logic is
applied to prove for the two-country model as we focus on Nash games among policymakers.

The optimization problem of the governmental institute is static because we concentrate
on Markov equilibria and state variables are absent in the economy of our model. In the
absence of the state variables, the policymakers simply choose the current policy variable
to maximize the current period welfare. To derive the Markov equilibrium, we adjust the
Home government’s and the Home central bank’s problem in which they maximize the value

function of their own households, vy (m;,x;), minus the reappointment cost for the Home
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government and punishment by a deviation for the Home central bank such that:

H;%X (VH(laxt) - (Pg(CI?M]t)) ) (440)

II;?X(VH(laxt)_(pg(qqu»)a (441)

max <VH(1,xt)—qt_1(xt—B)>. (4.42)
Xt PH t

A Markov outcome is a set of {x,Q,I1,Q x*, Q* IT*, Q*} such that {IT,Q,IT*, Q*} satis-
fies conditions (4.16) - (4.21), and the monetary policy decisions of the whole governmental
structure, {x,0,x*, O*}, solves (4.40), (4.41), (4.42), and their Foreign analog. A Markov
equilibrium includes a set of strategies for the governments at stages 1 and 3, for the central
banks, for the households, and for the firms, which generates a Markov outcome.

It is worthwhile to stress the two characteristics of a Markov equilibrium without state
variables. First, households take as given the set of future policy choices {x,Q,x*, 0"},
and so do the governmental structure when they maximize vy (1,x;) and vg;(1,x;). Second,
the current policy {¢“,q,x:,q™,q;,x; } has no effect on {x;y1,x;,;} and thereby has no
effect on the lifetime utility of the households from period ¢ + 1 onwards. As a result, in a
Markov equilibrium, each institute within the governmental structure maximizes the current
one-period utility of its own household minus its corresponding adjustment cost.

We follow Basso (2009) to investigate the monetary delegation problem with two different

functional forms, quadratic and absolute value, under the two-country model.

Quadratic reappointment cost function

We define the reappointment cost function for the home country (the foreign country
is same) as g(qr,q%) = (z: —2%)?/2, where z¢ = (o + 8)(¢(1 4 & /ax)) /(@3- and 7, =
(a+8)(g:(1+8/ax))/(@+3=1) Varjable z is the real money growth in terms of domestic
goods x;/pr ;. In equilibrium, z; can also be interpreted as the level of labor supply and

the outcome of domestic economy. This mapping shows a negative relationship between
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the delegation parameter and the real money growth. The function g(¢;,¢%) may seem to
imply that only the distance between ¢f and g, matters so that the government can set an
arbitrarily high value of g{ to prevent the central bank from deviation and then slightly
reduces the delegation parameter to g;. However, the significantly high level of initial
delegation parameter makes firms to expect a more contractionary policy than the Friedman
rule, demand less labor and then produce even further below the efficient level. The central
bank has no incentive to boost the economy because any deviation from the Friedman rule
is very costly. Hence, although the government successfully prevents the central bank’s
deviation, the economy becomes worse. For some arbitrary delegation parameter, we have

the following proposition:

Proposition 4.3 The outcome under discretionary equilibrium obtained by an implementa-
tion of the Friedman rule, x; = x; = 3, is a Markov outcome and therefore a sustainable

outcome.

The sustainable Markov outcome described in Proposition 4.3 is identical to the Ramsey
outcome except for the initial delegation parameters of the governments in stage 1. In
particular, while the reappointment delegation parameters are identical, ¢, = ¢; = 0/[(6 —

1)(1+ 8 /)], the initial delegation parameters are higher than those under commitment

4 =q;" = <<(616;zx+5)> R (p(a1+ 5) (aié) - (1 - (GI?Z;M)))

(4.43)

a+6—1

As g > g, and gf* > ¢, Proposition 4.3 indicates that with the quadratic reappointment
cost function, the governments decide a greater initial delegation than the optimal one under
commitment, and hence they will reappoint the central banks by resetting the reappointment
parameter equal to the optimal level of commitment after firms fix their prices. A decrease in
q“ and ¢** will lower the reappointment cost, but it comes at the cost of higher aggregate

prices and therefore reduces the governments’ welfare. If the initial delegation is set equal to
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the optimal level under commitment, this is lower than needed to obtain the commitment
equilibrium. In essence, in our type of models, the equilibrium money growth rate equals
either lower or upper bound due to the existence of expectation trap (Albanesi et al., 2003;
Basso, 2009; Arseneau, 2012). Smaller initial delegations tempt governments to reappoint
central banks who will set the money growth rates beyond the commitment level. As a
consequence, the global economy ends up with high inflation. When governments move first
by setting ¢* and ¢** as in Proposition 4.3, this is enough to dictate their behaviors in the
reappointment stage such that they have no incentive to reappoint central banks who tend
to boost output up to the efficient level after prices are set. We do not need the additional
constraint imposed on the reappointment cost parameter, .

Even though the Ramsey outcome can be obtained with the absence of a commitment
technology, it is unrealistic that the central banks are reappointed in each period. This
unrealistic feature happens because the quadratic reappointment cost function is a continuous
function, so the marginal cost of reappointing is approximately zero as g{ and g, are close
together. However, in reality, even the new central bank seems to similar to its predecessor,
there is still a negligible cost to the first-order approximation which can be treated as a fixed
cost of reappointment.

To capture such a cost, we consider the reappointment cost that has a non-zero marginal
cost. The absolute value reappointment cost function owns this property, and therefore using

this form will deal with the constant reappointment problem.

Absolute value reappointment cost function

, where 2 = (00 +8)(gf (1+8/a))"/(“+%~ and 7 = (a +

Let g(qr.47) = |zt — 2
8)(q:(1+8/a))/(@+3=1) " Substituting (4.18) and (4.23) into the the problem of Home

government at stage 3, then using the definition of z; and z; gives us

1 .
max o Syarsa . —a edla =, (444
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which yields the following first-order condition due to the discontinuity of the objective

function at z; =z}

*0

1/(a—1)
1 a 5a+5
(eosie o)
I = t

(4.45)

Z¢ otherwise.

For a given value of ¢ and initial delegation parameter g, the reappointment cost may
outweigh the welfare gain from inflation surprise. Hence, it is optimal for Home government

to maintain the contract with the Home central bank, g; = g{'. This case happens when ¢ is

bounded below by ¢ = (6/(8 —1))/(1=%=9)(9/[(6 — 1)(1+5/a)] — 1)/ (a + §):

Proposition 4.4 If ¢ > ¢ and delegation contract such that qf =q, = 0/[(6 —1)(1+6/a)],
and gi* =q;f = 0/[(0 —1)(1+6/)], the outcome under discretionary equilibrium obtained
by an implementation of the Friedman rule, x, = x; = B, is a Markov outcome and hence a

sustainable outcome.

Compared with Proposition 4.3, the sustainable Markov outcome described in Proposi-
tion 4.4 is precisely identical to the Ramsey outcome so that the welfare of governments,
central banks, firms, and households are equal to the respective levels under commitment.
Proposition 4.4 provides a formal setup to Persson and Tabellini (1999)’s argument that a
sufficient cost caused by a change in institutional setup might help to overcome the McCallum
(1995)’s criticism. If ¢ > o, the commitment outcome is obtained even under discretion.
Moreover, this equilibrium is a self-sustained process without the support of any trigger-type
strategy. Similar to the case of quadratic reappointment cost, delegation here keeps monetary
institutions away from inducing optimal surprise since the governments’ welfare function is
discontinuous, which implies that the reappointment may bear a fixed cost. Hence, there is
a threshold of reappointment parameter such that reappointment costs are high enough to
prevent any reappointment and so we obtain the commitment outcome. This result is also

pointed out in Basso (2009)’s closed economy with the lower bound of reappointment cost
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parameter, 9% = (0/(6 —1))1/(1=%)(6/(6 — 1) — 1)/ o.. We can show that ¢ < @closed.
Furthermore, we can express the relationship between openness and such a threshold in the

following proposition:

Proposition 4.5 Holding oo + 6 fixed, the more open the economy becomes, the less the
minimum threshold of reappointment cost parameter is required for Ramsey outcome being a

sustainable outcome.

The fixed o + & condition is reasonable since for a given income, an increase in ex-
penditure for the foreign goods implies a decrease in the money spent for the domestic
goods.

Because the monopolistic distortion causes the economy to produce at a suboptimally
low level, the central bank has a temptation to run inflationary surprise to boost the economy.
Unexpected inflation acts as a consumption subsidy that improves welfare by raising output
closer to the efficient level. Alternatively, unexpected inflation is regarded as a tax on
domestic leisure, causing households to work more. This mechanism is labeled as a standard
New Keynesian aggregate demand channel (Arseneau, 2012) due to the coexistence of sticky
price and monopolistic competition. In essence, an unexpected expansion in Home country
induces a depreciation in Home currency which raises the price of imports in Home country
and contribute to inflation. Because of nominal price rigidities, the aggregate prices of Home
goods are fixed within a period, the aggregate prices of Home consumption goods bundle
increase only a fraction of share of expenditure on Foreign goods. The Home household’s
real money balance, thus, grows with the unexpected expansion. Simultaneously, as an
increase in money supply dampens the real interest rate, consumption grows proportionally
in both countries. This rise in consumption plus a relatively expensive price of Foreign goods
boost the demand for Home goods, raising the Home output.

As consumption goods are traded among countries, the benefit of consumption subsidy is
shared across borders proportionally. Meanwhile, when a central bank induces unanticipated

inflation, its residents have to bear the entire burden of leisure tax as leisure is a non-traded
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good and hence work harder than the foreign counterpart to consume an additional good.
This transmission can be labeled as strategic terms of trade channel which dampens the
central banks’ incentive to inflate the economy unexpectedly. The more open the economy
is, the less consumption subsidy this economy can enjoy since domestic good accounts for
a smaller part of domestic expenditure, and hence the less the incentive the central bank
induces inflationary surprise. As a result, a smaller reappointment cost is needed to prevent
the government from reappointing the central bank.

When ¢ < ¢, governments find them optimal to set g; < ¢ and g; < g, and reappoint
the central banks. With such a low @, there exists no optimal value of the initial delegation
parameter, ¢ and ¢/, that would dictate prices being set subject to an expectation of
monetary policy which is truly verified by the central banks except for x; = x = X. The
driving force of this result is the existence of the expectation trap in our model that induces a
Markov equilibrium to happen at the bounds of the money supply. In particular, the central
bank always has incentive to raise the money growth rate and firms form the expectations
monetary policy x; = x; = i for all periods. The unique Markov equilibrium occurs at
the high money growth rate regardless of whether the model uses the monetary delegation
or not. As a consequence, the delegation approach itself cannot help to remove the time
inconsistency. In this case, we employ the method of Chari and Kehoe (1990) to characterize
the set of sustainable outcome. They showed that any sustainable outcome could be obtained
by the support of reputational equilibrium in which the expectations of private sectors obey
the trigger-like behavior: when government unilaterally deviates from its promised plan,
economy reverts to the worst possible outcome forever afterward. Therefore, finding the
worst possible outcome is a critical step in characterizing the set of sustainable outcome.
This step requires a specific form of governments’ utility function which explains why we
put this analysis here within the analysis of the absolute value reappointment cost rather than

right after the definition of sustainable outcome in the previous subsection.
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We start by defining the set of autarky plans under non-cooperation (¢, 4, 0*, m*4, 0*4)
where 6% = (1}, 6, ppy. P, 0, Of ). Let o4 = {0t =0, 1,..} have gy (§-1) = L 62, (1) =
Lpg,(&-1)=1pp,(& 1) =1, 04,(& 1) =xand op,(& 1) =xforall £ =0,1,... and
&1 = (Exs-1,EF1—1). Given o4, let each /4, j € [0,1] and /4, j* € [0,1] be the al-
location rules such that their continuations 7/4’ and 7*/"4* solve (FT) and (FT*) for all
t=0,1,...and & 1 = (&g s—1,EF1—1). Let ®” and @** be the allocation rules such that
their continuations @' and ®*A" solves (HT) and (HT*) and are consistent with (MT) and
(MT™), respectively, for all r =0, 1,... and (&g, EF,). With the definition of sustainable
equilibrium, the following proposition indicates that the autarky plans induce a sustainable

equilibrium.

Proposition 4.6 The autarky equilibrium under non-cooperation (64,4, 0, 74, @*4) is a

Markov equilibrium, and therefore, a sustainable equilibrium if ¥ > (60 —1)(a+9)/(6).

As @ < @, it is optimal for governments to reappoint the current central banks to less
conservative ones. Hence, central banks always have the incentive to introduce inflationary
surprise. Private sectors react by adjusting their expectation accordingly, and then central
banks tempt to raise the money growth rates even higher. The resulting monetary policy
under discretion is (X,%). When X becomes arbitrarily large, both consumption and labor
are approaching zero. Basso (2009) proves the following result: The autarky equilibrium is
the worst sustainable equilibrium for all players. We extend this result to our two-country
framework. Chari and Kehoe (1990) suggest that policy inducing the reversion to such a
worst outcome can be employed to feature the outcome with better levels of welfare.

We now provide the intuition of the revert-to-autarky plans under non-cooperation while
the formal setup is put in the appendix. Given an arbitrary world policy G = (x, Q,x*, 0*) and
an arbitrary allocation (IT, Q,IT*, Q*), the revert-to-autarky plans induces the continuation
of outcome (G,IT,Q,IT*, Q%) as long as the world policy (x,Q,x*,0") has been chosen in
the past. If governments choose not to follow the announced policy, the strategy dictates to

revert to autarky plan in both countries forever.
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Proposition 4.7 Let G = (x,Q,x*, Q%) be an arbitrary world policy and (I1, Q,IT*, Q*) be
an arbitrary allocation. Then (G,I1,Q,IT*, Q*) is the outcome of a sustainable equilibrium

if and only if
(i) (G,I1,Q,IT*, Q%) is an outcome of equilibrium under commitment.

(ii) (G,I1,Q,IT*, Q*) satisfies the following four inequalities for every t

Ve >UE, +BVE, (4.46)
Ves > U+ BV, (4.47)

where Vg and VC*;S equal to the total utility under the sustainable equilibrium from
time t onward, UgJ and Ué‘ft equal to the gain from deviating from the sustainable
equilibrium in the current period t and Vé‘ and VG*A equal to the total utility under the

autarky equilibrium from time t 4+ 1 onward for the governments.

It is worth discussing some main points. Firstly, since Proposition 4.7 characterizes
the sustainability of non-cooperative outcome under commitment, we do not need the
incentive compatibility constraint for central banks. If inequalities (4.46) and (4.47) hold,
it is optimal for the central banks to confirm the sustainable outcome. In detail, given
gr = 0/[(6 —1)(1+46/a)], the best response of the Home central bank at time ¢ is to set
x; = B, validating the sustainable outcome. Put it differently, deviation is not a welfare
improvement for the central bank at period ¢. Secondly, Proposition 4.7 does not only
characterize the set of sustainable outcomes induced by a trigger-like behavior but also
captures the outcome given by Proposition 4.3 and 4.4. Lastly, the main feature of the
revert-to-autarky plan is that government defection triggers the autarky plan. With this plan,
after the governments’ defection at stage 3, the central banks will confirm the defection by
setting x; = xj = X.

Given this general characterization of sustainable outcomes one can now verify un-

der what conditions the commitment equilibrium is sustainable. In the home country
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the commitment outcome, as shown in Section 4.3, is cy; = CH, CFy = CF, X; = X{ = B,
Pi = Py = pyy = B/ (a+8)(8/(8 —1))1/1-4-9) and g# — ¢, = 6/[(0 — 1)(1+ 8 /a)].
That way, V5 = (1/(1 — B)) (%S /(a*8%) — (a + 8)/acy. Under autarky the utility is
given by V& = (1/(1—B))(c%c%/(*8%) — (o + &) /ey Note that the reappointment
costs are zero in both Vg and Vé‘ since gf = g;. Finally, the gain from deviation, Ug}t, is
equal to [Zf‘z;*‘s/(a +8)%10 — 7 — 0zf|(7 — %) |} , where Z; is set according to (4.45) taking
=z =(a+8)(0/(6—1))"/(@+3-1) a5 given. The necessary and sufficient condition for

not reappointing is, letting X be arbitrarily large,

1_15 = ((e—l)iouré)l)l (9—16))(aa+6) (0 1)(a+5) (1+E()pja+6)(e9_l)“+:“) (;
*(M‘M”)l"’(“*&(eel)w’
(4.48)

which gives rise to the following proposition.

Proposition 4.8 Holding o + 0 fixed, the more open the economy, the less likely the central

bank to be reappointed.

When the economy becomes more open, 0 is increasing, the right-hand side of the
constraint (4.48) decreases, making this constraint more likely to hold. Alternatively, when o
decreases, a smaller discount factor, f3, is required to keep the sustainability constraint (4.48)
to be satisfied. A fall in B reduces the cost of reverting to the autarky plan forever.

Proposition 4.8 implies that the maintenance of the contract between the current central
bank and government is more credible or more sustainable when the economy becomes more
open. The reason is that the competition mechanism under open economy lowers the short-
run benefits from inflationary surprise, and thus make the equilibrium under commitment
more sustainable when the commitment technologies are absent. In essence, there are two
opposite mechanism channels under open economy as described in the previous section:
standard New Keynesian demand channel causes an inflationary bias whereas strategic terms

of trade channel creates a deflationary bias. When the economy is more open, the effects
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of the former channel are relatively weak compared with those of the latter. As 6 is bigger,
the increase in prices of imports accounts for a larger fraction of the aggregate prices of
domestic consumption bundle, lowering the increase in the real money balance and lessening
the decrease in the real interest rate. Consumption, therefore, grows at a lower level. In brief,
an increase in openness reduces the effect of unexpected expansion transmitted through the
standard New Keynesian demand channel.

Simultaneously, a higher openness exacerbates the deflationary bias under the strategic
terms of trade channel as the Home households enjoy a less consumption subsidy but must
work more than before. Putting those channels together, when the economy becomes more
open, the central bank has a less incentive to induce inflationary surprise, and in terms
of welfare, the short-run benefits from deviation become smaller. As a consequence, the

maintenance of central bank becomes more likely to be sustainable in a more open economy.

4.5 Conclusion

This chapter extends Basso (2009)’s one-country model to two-country model to study
the effects of openness on the effectiveness of monetary delegation as a solution to time
consistency problem in a micro-founded New Keynesian. As the economy becomes more
open, the delegation approach is easier to achieve the first best solution, the Ramsey outcome.
First, to ensure the Ramsey outcome to be a sustainable outcome, it requires a lower value of
minimum threshold of reappointment . Second, when the reappointment cost parameter is
less than the threshold, the central bank is less likely to be reappointed.

The fundamental message of this chapter is that international linkage can help improve the
effectiveness of delegation in solving the commitment problem. Indeed, the coexistence of
two opposing policy transmission channels under open economy dampens the central banks’
temptation to raise inflation unexpectedly, and therefore lowers the benefits of any defection.

Taking this argument into account, any other adjustments in an economic framework that
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generates a trade-off of an inflationary surprise would also help to enhance the effectiveness

of delegation.
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Chapter 5

Conclusion and Policy Implications

This dissertation analyzes the time-consistency problem in the context of open economy
framework with strategic behavior among policymakers. We aim to contribute to the study
of counterproductive cooperation and of the effectiveness of delegation in resolving the
time inconsistency of international monetary policy. In particular, we attempt to answer two

research questions:

1) Is the global Friedman rule less likely to be sustained under cooperation than under

non-cooperation when the governments lack commitment technology?

2) Is delegation more effective to solve the time consistency when the economy becomes

more open?

Our main findings suggest that:

1) Cooperation is counterproductive in the sense that the global Friedman rule is less

credible under cooperation than under non-cooperation.

2) We show that openness enhances the effectiveness of delegation approach in solving

the time consistency problem.

The general conclusion of Chapter 2 is that the consequences of time consistency is less

severer and the solution to this problem is more effective under the open economy than under
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the closed economy. The first finding is in favor of non-cooperative setting between policy-
makers in different sovereigns due to the coexistence of two opposing channels. Competition
among policymakers is regarded as partial commitment and then might be superior to cooper-
ation. This finding can be applied for the developing countries in which the competitiveness
is still low. Such a low competitiveness induces a large market distortion which makes the
counterproductive cooperation be likely to appear. The second finding implies the more open
the economy, the more effective the delegation approach. The transmission of monetary
policy via the terms of trade channel dampen the monetary authority’s incentive to induce
inflationary surprise and therefore enhance the effectiveness of the monetary delegation

approach.
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Appendix A

Appendix of Chapter 3

A.1 Derivation of equilibrium

A.1.1 Results of equilibrium under commitment

Assuming that both CIA constraint and budget constraint hold with equality, the La-

grangian of Home household’s problem (HO) is

- e 10 (e Y (1-D (1)
xibii ( / i Gena )i+ J 1 pF,,U*)cF,,(j*)dj*) }

+2 B {mt + (i —1)+b -
=0

t t

thtﬂ

— Xty 1

w 1
+ Zﬁt%{m; + (% — 1) + by +wily +/0 G(j)dj—
=0

t

B (/OIPHJ(]')CHJ(]‘)dj+/()1PF,t(f*)CF,t(j*>df> }

(A.1)
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The first-order conditions follow from differentiating with respect to ¢z ;(h), crs(h), L,

myi1, and by y1:

(e + A)pr () = Yer )10 (ep) 00Dy ey, (1)) 718, (A2)
(e + A)pra () = (1= 1) (en) D (ep) 100710 (7)1, (A)
1 = Awy, (A4)

B(tr1+Ag1) = Axe, (A.5)
Bbust + dyst) = (ut+2¢)%, (A.6)
lim B (g + A )m; =0, (A7)

where the market clearing conditions of money market is m; = 1, of asset market is b; =

b;+1 = 0, and of the currency exchange market is

Se=[(1=v)/7x/x. (A.8)

Taking the integral to the power of (1 — 6) on both sides of equation (A.2) and (A.3) with

respect to 4 and f, respectively:

Ve )" "O (e )0 = (0, 4+ A) py, (A.9)

(1= (e )" (ep) U070 = (1 + 4) iy (A.10)

Multiplying both sides of (A.2) and (A.3) by cy(j) and cg,(j*), respectively, taking

integral, and then adding them together:

(et )" (ep ) 17VI=D) = (u, 4 Xy )xi, (A.11)
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where the binding CIA in Home country implies

1 1
v ([ psensai+ [ prPren()ar ) =pen a2
0 0

where the second equality comes from the definition of aggregate price and consumption

given by (3.2) and (3.8). Substituting (A.11) back into (A.9) and (A.10) yields

Xt Xt

CHJ:'}/—, CFJ:(I—'}/)—, (A13)
PH ¢ DPFi
N X (pHe()) ¢ N x (Pra(J") ¢
cu()=v—\—7—| , cr()=0-y)—|—"7"—=] . (Al
PH PH PF DFt

Using these results together with the exchange rate condition, we obtain

v x(1=7)
¢ = y’;’xf—*(l_y). (A.15)
PH:PF;
Combining (A.4), (A.5), (A.11), and (A.12) yields
Xt Xt4-1
W= . (A.16)
' Bler1)
Finally, (A.6), (A.11), and (A.12) imply
-
R = Xz+1(xz/19z) (A.17)

B(xi1/pig1) =%

Similarly, for the representative agent in Foreign country, the counterpart optimization

problem (HO*) can be solved such that:

. x; . X
Ht Pirs Fi Pis
* . -6 * o -6
. . X ( Ph(J) . s X ( Pr )
cy(J) =7 — , cpJ)=0=Y)—/— | —— , (A.19)
) =1 ( -y ) R s
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€ = (1 - ) );IXt «(1—7)’ (AZO)
PHPFy
* xl*x?—H
W — ) (A21)
: ﬁ(c;kH)I_a
* * *\1—
R: _ xt+l(xt /pi) ¢ (A.22)

B /pi)

We next solve the Home firms’ problem (FO): maximize (3.9), taking wy, w}, p, pf, X,

and x; as given to obtain the unique solution:

pa () =0/(0—1)w;. (A.23)

In equilibrium, all firms have the same prices, so that

pH; = pri(j) =0/(0 —)wr, (A.24)
for all j € [0, 1]. Similarly, solving (FO*) yields:
p;t = p;t(j*) =0/(60—1)w/, (A.25)

for all j* € [0,1]. Combining (A.24), (A.25), the PPP condition, and (A.8), p; can be

computed as:

1
Pr = _W(PH,z)y(PF,t>l

A A.26
7 (A.26)

The labor market clearing condition in Home country is simply

lt = CHt -+ C}('I,l" (A27)
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Using (A.8), (A.13), and (A.18) gives

Xt
l,=——.
PH t

Analogously, the labor used by Foreign firm is

*
*
I; =

—.
PF;

Combining (A.7), (A.11), and m; = 1 yields the transversality condition:

I-o
, c
lim B"L—,
1ol x

and similarly in the Foreign country we have

*1—o
lim Bff_*
t—oo X;

(A.28)

(A.29)

(A.30)

(A.31)

The necessary and sufficient conditions for equilibrium under commitment can be sum-

marized by (A.13)—(A.22) and (A.28)—(A.31) which correspond to (3.13)—(3.17) in the main

text.
Combing (A.15), (A.16), (A.20), and (A.21) yield the difference equations:

ino) =t (=) (1= comintarnn) (1= @)1 = i)

—YIn(x11) — (1 = Y)In(xr41),

inei) =tn (E2EEZD) 41 apnte) + (1= e - Dince )

= YIn(xi41) — (1= 7)In(x41).
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Employing the fact that ¢, = y/(1 — y)c/, we can solve the above difference equation

forward to obtain

1
PBO—1)\ 7 —y1l-a) 1y +(1-7)(1-a)
Cr = < 9 I—[Oxt—kyl(-i-i “ J Oxz+1(+i nier,

1
«_(PBO-—D\*F yi-ay

where ¢; and ¢ have to satisfy (A.30) and (A.31). Plugging (A.16), (A.21), (A.24), and

(A.34)

)

- (1-p)(1-a)
X 14i
=0

(A.25) into (A.28) and (A.29) yields

L BO=D ()™ g BO-D ()" (A.35)
9 xt+] ’ ! 9 x;k+1

Therefore, given an optimal monetary policy X; = (x;,x)) that satisfy (A.34), we can
construct the values for ¢; and ¢;. Based on those optimal values, we can further compute the

sequences for ¢y 1, cris i1 (J)s €Fi(J7)s b mests bryts pri(J)s PH s P Wis G () R, cp s
Chan iy () b (7). 1o By D7) Dy PR Wi G (). and Y.

Equations (3.2)—(3.6) and (A.2)—(A.7) imply that these sequences for cy s, cr;, cu(j),
cri(j*), lt, my1, and by solve (HO) and c}‘”, c}J, c}';’t(j), C}J(j*), Iy, my,, and by,
solve (HO*). Equations (A.24) and (A.25) indicate that this sequence for py () solves
(FO) and py:,(j*) solves (FO*). Based on the construction, these sequences also lead to
(MO) and (MO*), respectively.

Now consider how to choose the optimal monetary policy. There are two cases: under
non-cooperation, each government sets the money growth rate to maximize their own welfare
function, taking other monetary policy as given; under cooperation, governments jointly
choose the money growth rate to maximize the weighted welfare function. Substituting
consumption, (A.34), and labor, (A.35), into the welfare function, we can express the

welfare in terms of policy variables, U (x,x*) and U* (x,x*) for Home and Foreign country,

respectively.
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For non-cooperation, given Foreign monetary policy, x*, the Home government sets the

optimal policy by solving
m?xU(x,x*) s.t. B<x<x, (A.36)
and given x the Foreign government solves
max U*(x,x") s.t. B <x* <x". (A.37)

Let XV = (xV,x*V) denote the optimal monetary policy under non-cooperation. Given XV, we
can construct allocations for households and firms in both countries. It is straightforward that
XtN satisfies (A.34), hence sequences for cg s, cry, CH(J), cFe(J*)s I, mey1, and by solve

(HO) and ¢y . ¢y iy, (i)s i) 17 mfy . and b

/1 solve (HO*). Also, sequence for

pH:(J) solves (F 0) and pr,(j*) solves (FO*). Based on the construction, these sequences
are also corresponding with (MO) and (MO*), respectively.

Hence, maximizing (A.36) subject to x; € [,%] and maximizing (A.37) subject to x; €
[B,x"] forallr =0, 1,..., we can obtain the outcome of optimal non-cooperative equilibrium
under commitment. This completes the proof of non-cooperative outcome.

For cooperation, the optimization problem reduces to finding the optimal monetary policy

as follows

max U (x;,x;) + U™ (%, %) s.t B <x <X, B <x <X (A.38)

Xt )Ct

Let X¢ = (x¢,xC) denote the optimal monetary policy under cooperation. Given X, we can
construct the values for ¢; and ¢;. Based on those optimal values, we can further compute the
sequences for cp s, cFrs €1 (J)s CF2(J%)s by Myt brgts pai(J)s PHA> P> W G (), Res €y 40

Crps €1 (D)s €rGF)s sy 1, bF Ly, PR (57)s Prgs PFs w15 &7 (), and Ry when governments

cooperate. It is clear that XC satisfies (A.34), so that household allocations solve (HO)
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and HO*), firm allocations solve (FO) and (FO™), and these allocations satisfy (MO) and
(MO¥), respectively.
Thus, maximizing (A.38) subject to x; € [B,x] and x} € [B,x*| forallr =0,1,..., we can

obtain the outcome of optimal cooperative equilibrium under commitment.

A.1.2 Outcome of non-cooperative equilibrium under commitment

A general characterization of optimal monetary policy equilibria under commitment is
complicated whether governments cooperate or not, so we concentrate on the study of the
equilibria that have constant the money growth rates. By this assumption, consumption and

labor reduce to

1
= &= w 7 (A.39)
GxV)?* oxV5+(1-7)
. ~ 9 -1 6*1705
= B6 - Ox , J— Al 9)21 . (A.40)

Under non-cooperation, the Home government’s problem reduces to:

max 0 (w)”“( L__BE-D) Aa)

£€[B %] o7& (1-7) -« 0%

The relative size of monopolistic distortions to strategic terms of trade distortion dictates
the prevalence of optimal monetary policy under noncooperation given a parameter space.
When ® > WM and & > WV, iV = B and #*N = B, so that ¢ = (p /®)/* and ¢ = (p* /D) V/*.
When ¥* > & > WV, ¥ = B and £V = BE*N /& | then ¢ = (p/(@Y\P*NUY)))]/a and
& = (p* /(dﬂ\P*N(l‘Y))) Y% When wN <P <PV, £ =BYN/® and #*N = B, then
e=(p/(@'TPNT)) V% and & = (p*/(CDl_Y‘PNV))l/a. In each case, we can find py and
Pr» and then substitute them plus the policy variables into (A.28) and (A.29) to find labors

used by firms in Home and Foreign country, [ and /*.
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A.1.3 Revert-to-autarky plans under non-cooperation

We define revert-to-autarky plans ((o};,05),n", 0", n*", @*") as follows. For all r =
0,1,...,let o (EN ) = x for history £V | = {(x),xiV)|[s =0,1,....,t — 1}; let o (EN ) =%
otherwise. Forallr =0, 1,...,let o5 (&N ) =x;N for history EV | = {(x),xiV)[s=0,1,...,t —
1}; let 6(EN ) = x* otherwise. For all j € [0,1], let 7/ "(EN ) = puy(j) for EN | =
{6, xN) s = 0,1,...,6 — 1}; let 7, (ét D= n’“(ét 1) otherwise. For all j* € [0, 1], let

BTTEN ) = by ) for &Y, = {2 N)ls = 0,1t — 1 let T T (EY ) = w7 4 )
otherwise. Let @/ (EN) = Q, and @} (EN) = QF for EN = {(xN,xN)|s = 0,1,...,t}. If
gN = (&N, &, xN) is such that £V | = {(xY,x:V)|s =0,1,...,t — 1} but & # x¥ and/or
#N £ N et 0! (EN) be given by the continuation rule @’ that solve (HT), given (o}, 0%),
n/" for all j € [0,1] and 7*/" for all j* € [0,1]; let " (EN) be given by the continuation
rule ®* that solve (HT*), given (0};,05), ©/" forall j € [0,1] and £*/"" for all j* € [0, 1]. If
EN = (&N, &, &N is such that EV | £ {(xV, xV)[s = 0,1,...,t — 1}, let & (EN) = w?(EY)
and 0" (&) = 0 (&M).

A.1.4 Revert-to-autarky plans under cooperation

Given an arbitrary world policy X¢ = (x©,x*C) and an arbitrary allocation (IT, Q,IT*, Q*),

construct the definition of revert-to-autarky plans (6", ", @", t*", @*") as follows. For all
t=0,1,...,let 6"(EC ) = XE for history € | = {XE|s =0,1,....t —1}; let 6" (EC ) =X
otherwise. For all j € [0, 1], let 7/ "(EC ) = puy(j) for EC | = {XE|s =0,1,...,t — 1}; let
n,jr(étc_l) = n/%(EC ) otherwise. For all j* € [0,1], let m "(EC ) = pr,(J*) for EC, =
{XCls = 0,1,...,t — 1}; let w7 "(EC ) = m/"¢(EC ) otherwise. Let ! (EC) = Q; and
;" (EC) = Q for EC = {XE|s =0,1,...,t}. If EC = (EC |, XC) is such that € | = {X|s =
0,1,...,t — 1} but X¢ # XC, let 0/ (EC) and " (EC) be given by the continuation rule
o' and @* that solve (HT) and (HT*), respectively, given o”, 7/ for all j € [0,1] and
w7 for all j* € [0,1]. If EC = (EC |, XC) is such that EC | # {XC|s = 0,1,...,t — 1}, let
of (§0) = 0*(&°) and 0" (§F) = 0™ (£F).
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A.2 Proof of Proposition and Corollary

A.2.1 Proposition 3.1

For cooperation, governments jointly maximize the weighted welfare function:

max U (£,£) + U*(£,8*) st B <E < %, B <& < 7" (A.42)

A A

X,x*

The first-order conditions are given by:

1/(10_506) <1—1a_££+<1%/)1a (ﬁ_qfe*)) :cﬁe’ (A4
(e () (e ) (5)
(A.44)

N a
which yields the relationship & = (%) . Plugging this result back into the first-order

condition yields

\P*C
o

= ﬁ%f, =P (A.45)
When ® > W€ and ® > W€, € = B and £*C = B, so that ¢ = (p/®)"/* and ¢ =

(p" )"/, When W€ > @ > WC, € = B and #°C = BYC /@ then & = (p/(@1¥*1-7)) v

and &* = (p*/(d)V‘P*C(l‘V))) Y% \When W€ < & < W€, € — BWC /d and #°C — B, then

¢ = (p/((l)]_y‘}’cy))l/a and &* = (p* /(@' T¥Y)) /% In each case, we can find py and

Pr» then substitute them plus the policy variables into (A.28) and (A.29), we can find labors

used by firms in Home and Foreign country, / and /*. OJ
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A.2.2 Proposition 3.2

The proof of Proposition 3.2 comes directly from the previous subsection of the appendix
and subsection A.1.2. When monopolistic distortions are sufficiently large such that ® >
PO PN € WN the optimal policy pair is characterized by the global Friedman rule that
is independent of policy regime. The consumption in both cases are identical and given by
¢=(p/®)"/*and ¢ = (p*/®)"/*. This implies that the households’ and firms’ allocation
computed by using these consumption levels in both policy regimes are also identical. In
conclusion, the outcome of equilibrium under commitment when governments cooperate is

identical to that when governments do not cooperate. []

A.2.3 Proposition 3.3

First, we prove the worst non-cooperative equilibrium under commitment for Home

country at £V = ¥ and £*V = %*. The Home utility in terms of policy variables is given by

1-a
Yo ok pﬁ e 1 ﬁ
065= (o) (e wr): (149

As shown in subsection A.1.2, d>U/d%> < 0 for all £ € [B,%) and dU /9% = 0 at & =

BYY /®. As PN < @ by assumption, dU /d% < 0 for all £ € [B,%]. Hence, given £*, U (%,£*)
reaches the minimum at X = X. The proof for Foreign country is analogous. Combining them
yields the first case of proposition 3.3.

Next, we prove the worst cooperative equilibrium under commitment. Substituting the

first-order conditions into (A.34) yields

WG @ WG\ &
é:(y B) , @*:(YF> . (A.47)
DX P+
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From this expression, it is straightforward that the constraints x, € [B,x], and x; € [B,X"] can

be transformed into the consumption’s constraints ¢; € [¢,¢] and ¢ € [c*,¢*| where

WA & WaN o
g=<%) , g*z(%) , (A48)

WA & WA %
5:(%) , E*:(%) . (A.49)

Hence, the problem of finding the outcome of optimal cooperation equilibrium under

commitment collapses to one of finding a sequence for ¢; and ¢ to maximize

o)

Y B (U (&) +U(&)), (A.50)

t=0
subject to & € [¢,¢| and & € [¢*,¢*] forallt =0, 1,..., where

fl-o é

(1—o)p¥C  yp"

U(e)+U*(&) = Uc (@), (A.51)

or

é*(l—a) &*

VAU = i e o = € A

For further analysis, we derive the following lemma:

Lemma 1 The reduced forms of the weighted welfare function, U (¢) and U (¢*), have the

properties:
(i) If € < ®, UC(¢) is strictly increasing on [c, ).
(i) If W€ < &, UC(¢&*) is strictly increasing on [c*,¢*].

Proof. Note that 92U (¢)/d¢* < 0 for all ¢ > 0 and 92U (¢*)/dé*? < 0 for all &* > 0.

Moreover, JUC(¢)/9¢ = 0 where éqx = (YW /) Ve and oUC(¢*)/d¢* =0 where &, =
«\ 1

(y" )9+ /o
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If ® >WC, &, > ¢, then JUC(¢)/d¢ > 0 for all ¢ € [¢,¢]. Similarly, If & > ¥*C,
&> ¢, then QUC(¢*)/d¢* > 0 for all &¢* € [¢*,¢*]. O

The Lemma 1 indicates that weighted utility is minimized with ¢; = ¢ and ¢ = ¢* for
all t =0,1,2,... if ® > max(¥,¥*C). Hence, the world policy, £ = ¥ and £ = x* for

all t =0,1,2,... yield the worst cooperative equilibrium under commitment when ® >

max (W€, ¢*¢). O

A.2.4 Proposition 3.4

Since the optimal surprise in Home country is independent of Foreign monetary policy,
we only need to prove for the case of Home country. When ® = 1 /7, Home government has
no incentive to conduct a monetary surprise because there is no gains from doing so, whereas
when ® < 1/y, Home government has incentive to conduct a deflationary surprise, but it
cannot cut the inflation further because of the lower bound of the money growth rate. In both
cases, regardless of Foreign monetary policy, xg = B is a Nash equilibrium monetary policy
for the Home country.

When & > 1/7, the Home government has temptation to generate an inflationary surprise.
The Home private sector perceives this temptation and adopts its inflation expectation
accordingly. This leads to a temptation to create a higher inflationary surprise. The iteration
process continues until both private sector’s expectation, and government’s actual policy
coincide at the upper bound of the policy variable. The Nash policy of Home government
under discretion is xg = X no matter what Foreign government responds. Similarly, when ® <
1/(1—7),x;V = B, otherwise x* = &*. Combining Home and Foreign Nash discretionary

policy yields four cases described in Proposition 3.4. []
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A.2.5 Proposition 3.5

Given that private expectations of money growth at the beginning of the current period

are X¢ = (£¢,%*C) = (B, B), substituting X¢ into the optimal surprises yields

1 1
c_ 2 1— y (I—a)(1-7)\ @ B < d y (1—a)y\ @ B
A€ =B (TC — Lo, AC=B1 | g = 1

(A.53)

It is easy to see that at least one of the optimal surprise is positive. If both A and A*C are
greater than zero, then the governments have temptation to set the actual money growth at
x; = %€+ g and xF = £°C + gy where 0 < &), g5 < . And if private agents react by adapting
their expectations to £¢ + & in Home and £*€ + &, in Foreign country, then governments
have temptations to set the money growth rate even higher, at x, = £€ + &y + & and x} =
#*C + €} + € where 0 < g,&} < oo. This iteration continues until x; and x; hit the upper
bound of policy space, X and x*.

When A¢ > 0 and A*C < 0, the Home government has incentive to set x; = 8 + &
while x; = B + &) where & > 0 and g5 = 0. And if private agents react by adapting their
expectations to 8 + & in Home and £*C + g, in Foreign country, then Home government has
temptations to set the money growth rate even higher, at x; = £¢ + £, + &; where 0 < £ < o, 50
on; simultaneously, because deviation rate in Foreign country is increasing in Home monetary
policy, after some iterations, the Foreign government starts to introduce the inflationary
surprise xf = £*C + €} + €& +...+¢& where &f =...=¢" | =0and 0 < & < . The
resulting cooperative monetary policy under discretion is (¥,%*). Using the same argument
we can prove for the remaining cases. Note that for simplicity, in the main text we assume

that &) is large enough to force Foreign government set £ > 0. [J
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A.2.6 Proposition 3.6

When governments do not cooperate, to prove that (of;, 0f) is a sustainable equilibrium,
we have to show that it is optimal for each government to follow this plan if other government
and private sector all follow the plan.

Taking x; = X and xj = X* as given, plug (3.13) and (3.17) into (3.15) to achieve a system

of difference equations

In(Py,) = —In <w> + (2= y(1—a))n(E) — (1 —y)(1 — o)In(F")
+7(1 = o)In(Py r1) + (1= y)(1 — o)In(Pr, ), (A.54)
In(Pf,) = —In <B(9 - ”(91 - ”Hx) + (2= (1 —a))In(E) — (1—7)(1 - a)In(F)
+y(1—o)In(Pyq1)+ (1 —p)(1 - oc)ln(P;7,+1), (A.55)

with solution py; = py and py, = pp forall1 =0, 1,..., where

(1—a)*(1-7) o

1

_x 0 1_’}/ (1—05)27/_ —Q) =% — - ¢
" (ﬁ(e—nu—y)la( % ) el )L s

Given py and pr above, and x; = x* for all ¢, we aim to show that x; = X for all ¢

maximizes the one-period welfare of the Home household:

1-a
1 xZX*(l_Y) X
A <Y e - (A-38)
PyPr
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It is clear to see that 92U, /dx? < 0 and

2
o, _ 1 _a(l—y)“_“) " @)1 a0 (-0 o
= — —_— X X X —1],
ox;  pu ('}’2 Y l Pr

(A.59)

whose value at x; = X is given by

1 -
— (@ — 1) . (A.60)
pu \ B

As long as % > 1, the optimal policy of Home government is x; = X for all ¢ if the Foreign
government and private sectors follow the autarky plan under non-cooperation. Similarly,

when

U_%ﬂ > 1, the optimal policy of Foreign government is x; = x* for all ¢ if the Home

government and private sectors follow the autarky plan under non-cooperation. [

A.2.7 Proposition 3.7

In the following proof, it is enough to consider the Home government’s problem. That
of Foreign government is analogous. The proof of proposition 3.7 includes two parts: First,
assume that (XV,IT, Q,IT*, Q*) is a sustainable outcome, accompanied with some sustainable
equilibrium ((oy,0F),n, 0, 7", ©*). As (FT), (FT*), (HT), (HT*), (MT), and (MT"), at
t = 0 coincide with (FO), (FO*), (HO), (HO*), (MO), and (MO*), conditions (i)-(iii) in
the definition of a sustainable equilibrium mean that (X" IT, Q,IT*, Q*) is an outcome of
equilibrium under commitment.

Since o is part of a sustainable equilibrium, its continuation @’ must address (HT') and
satisfy (MT) fort =0,1,2,... For each r = 0, ..., the necessary and sufficient conditions

for (HT) are identical with those for (HO) and the market clearing (MT') are identical with
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those for (MO). It is analogous to @*. Thus, @ (") and @} (£) must have

- -
oy xtyxl*( Y) G (1—) xtyx;k( Y)
! Y _x(1-7)’ ! v x(1-7)’
PHPF: PHPFy
I, = i, lt* — x*f ,
PH 1 PF:

forallt =0,1,2,...and V.

Then, given ¢ and éﬁ |» the Home government could defect from XV at date ¢, achieve
the one-period welfare UV (py ;, Pr,) defined by (GD), and revert to the autarky plan o
after that. This defection generates the welfare given by the left-hand side of Equation (3.39).
Since condition (iv) in the definition of a sustainable equilibrium under non-cooperation
prevents such a temptation to defect, (3.39) need to be satisfied.

Second, let (XV,I1,Q,IT*, Q*) be an outcome of equilibrium under commitment that sat-
isfies the constraint (3.39), and let ((o};, 07), ", @", ™", 0*") be the corresponding revert-to-
autarky plans. We need to show that ((o};, 01), 7", @", ©*", @*") is a sustainable equilibrium.

Given the history éﬁ | in which governments have never defected from XN, allocation
(XN, I1,Q,I1*, Q%) is an outcome of equilibrium under commitment. Choice  solves (HO)
and satisfies (MO) given X"V, T/ for all j € [0, 1], and IT*/" for all j* € [0, 1], while choice Q*
solves (HO*) and satisfies (MO*) given XV, II" for all j € [0, 1], and IT*/" for all j* € [0, 1].
Each I solves (FO), given XV, Tl for all j€10,1], j# j,and (Q,IT*,Q*), whereas each
1" solves (FO*), given XV, 1" for all e [0, 1], J* = j*, and (I1, Q,Q*). Therefore, the
continuation of Q solves (HT) and satisfies (MT) at date ¢ given XV, I/ for all j € [0,1],
and IT*/" for all j* € [0, 1], the continuation of Q* solves (HT*) and satisfies (MT*) at date ¢
given XV, T/ for all j € [0, 1], and IT*/" for all j* € [0, 1], the continuation of II/ solves (FT)
at date r — 1 given XV, TI/ for all ] € [0,1], j # j, and (Q,IT*,Q*), and the continuation of
IT*" solves (FT) at date  — 1 given XV, IT*/" for all j* € [0,1], /* # j, and (I, Q,Q*). Both

household and firm have no temptation to defect after §ﬁ |-
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Now consider the Home governments’ temptation to defect from x"V from date ¢ following
N .. Since Q solves (HO) and satisfies (MO), and Q* solves (HO*) and satisfies (MO*)
for all £V, o (EN) and 0*"(E) have
~y*(1=7) -
X% x
¢ = Ym, I =—"—.
PH 1PFy PHy

Utilizing the proof of Proposition 3.6, the best governments can achieve by defecting is to set
# to solve (GD) at date ¢ and, follow the autarky plans ((o%,0%), 7%, &%, *¢, ®**) forever
after. This best defection produces welfare given by the left-hand side of Equation (3.39).

Because Equation (3.39) holds, the governments have no temptation to defect from xV after

N
t—1°

For histories éﬁ | in which there are defections from 1Y by Home government, the revert-
to-autarky plans dictate that in Home country government, firms, and households all choose
the autarky plans in every subsequent period. As proved by Proposition 3.6, no one has a
temptation to defect from these plans.

Finally, ((04,0%), ", ®", m*", ®*") is a sustainable equilibrium, and (X", IT, Q,TT*, Q*)

is the accompanied sustainable outcome. []

A.2.8 Proposition 3.8

When governments cooperate, under ¢, the representative firm takes &_ | as given at
each date r = 0, 1,... and solve (FT) in Home and (FT*) in Foreign country, assuming that
X4 =X and x/ = X" forall s =0, 1, .... Also, the representative household takes & as given
at each date r = 0,1, ... and solve (HT) in Home and (HT*) in Foreign country, assuming
that x; 511 =%and x/ ;= X" forall s =0,1,....

For t = 0,1, ..., the necessary and sufficient conditions for solutions to (FT), (HT),

(FT*), and (HT*) are identical to those for (FO), (HO), (FO*), and (HO*). Hence, plug

(3.13) and (3.17) into (3.15) with x; = x; 1| = X and x; = x;, | = X" to achieve a system of
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difference equations

In(Py,) = —In (M) +(2-y(1—a@)in(E®) - (1-7)(1 - @)ln(&)

(1= @)In(Puy 1)+ (1 7)(1 - @)In(Pi 1), (A61)
In(P,) = —In <[3(9 - 1)(61 - Y)I_a) + (2= (11— a)In(E) — (1-7)(1 - a)In(®)

+ (1= @)In(B 1) + (1= 7)(1 - @)In(P, 1), (A62)

with solution py; = py and py, = pp forallt =0, 1,..., where

1

(1-aP(1-7) @
P = (ﬁ(e—i)yl—“ (15) ’EZW(M)X*UW“)> - (A8
1
N 0 L=\ e resi—pia) |
o (ﬁ(O—l)(l—Y)l‘“( Y ) N

It follows that each of 7/, j € [0,1] and &*/"%, j* € [0,1] have m/*(EC ) = py and

ﬂt*j*“( ﬁl) = py forallt =0,1,... and ggl. Plugging these solutions into (3.13) and

(3.14) leads to @*(EC) and @*¢(EC) that must satisfy

Y F(1=7) Y F(1=7)
o= iy i = (-1 (A.65)
PuPr PuPF
=2 =2t (A.66)
PH Pr

forallt =0,1,... and EC.

By construction, 7t/¢ for all j € [0, 1], 7+ for all J¥€]0,1], o, and o** satisfy condi-
tions (i)—(iii) in the definition of a sustainable equilibrium. We only need to verify condition
(iv). Given 7t/ for all j € [0, 1], £*/°“ for all j* € [0,1], ®*, and ®**, the continuation ¢*

of 6 must deal with (GT) for all =0,1,... and @Ql. In view of (A.65) and (A.66), this
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condition is satisfied as long as

1-o
-« _ -« =y =x(1—7) = ok
(£&)—arg  max L -y (” )) _<i+)f—*). (A.67)

7e[B.3.7€[BF] I-a plLp T Pu P

With py and pr given by (A.63) and (A.64), we have that (A.67) holds, and so does

condition (iv). Hence, (0, n%, %, ", 0*%) is a sustainable equilibrium. [

A.2.9 Proposition 3.9

The proof of proposition 3.9 includes two parts. First, assume that (X©, T, Q,IT*, Q*) is
a sustainable outcome, accompanied with some sustainable equilibrium (o, 7, @, 7", ©*). As
(FT), (FT*),(HT), (HT*), (MT), and (MT*), att = 0 coincide with (FO), (FO*), (HO),
(HO*), (MO), and (MO*), conditions (i)—(iii) in the definition of a sustainable equilibrium
imply that (X,IT,Q,IT*, Q") is a outcome of equilibrium under commitment.

Since @ is part of a sustainable equilibrium, its continuation @' must address (HT) and
satisfy (MT) fort =0,1,2,... Since each r = 0, 1..., the necessary and sufficient conditions
for (HT) are identical with those for (HO) and the market clearing (MT') are identical with

those for (MO). It is analogous to @*. Thus, @ (EC) and ;" (EC) must have

B xtyx;k(l—w . x}’xf(l_”
a=Y T a=0=N%" iy
PHPFy PHPFy

*
=2 e
PH t PF:

forallt =0,1,2,... and £C.

C
t—1°

Then, given ¢ and EC |, the governments could defect from X at date ¢, achieve the
one-period weighted welfare (U “(puas Pry)+ U*“(puy, p}éJ)) defined by (CD), and revert
to the autarky plan ¢ after that. This defection generates the total weighted welfare given by
the left-hand side of Equation (3.43). Since condition (iv) in the definition of a sustainable

equilibrium prevents such a temptation to defect, (3.43) needs to be satisfied.

114



Second, let (XC,ILQ,H*,Q*) be an outcome of equilibrium under commitment that
satisfied the constraint (3.43), and let (6", 7", @", T*", @*") be the corresponding revert-to-
autarky plans. We need to show that (6", 7", 0", #*", ®*") is a sustainable equilibrium.

Given the history ﬁtc_l in which governments have never defected from X¢, allocation
(XC,11,Q,TT*,Q*) is an outcome of equilibrium under commitment. Choice Q solves (HO)
and satisfies (MO) given X€, IT/ for all j € [0, 1], and IT*/" for all j* € [0, 1], while choice Q*
solves (HO*) and satisfies (MO*) given X€, II/ for all j* € [0,1], and IT*/" for all j* € [0, 1].
Each IT/ solves (FO), given X¢, Tl for all j€[0,1], j # j, and (Q,IT*,Q*), whereas each
IT*" solves (FO*), given X€, IT*/" for all j* € [0,1], j* # j*, and (IT,Q, Q*). Therefore, the
continuation of Q solves (HT) and satisfies (MT) at date ¢ given X, TI/ for all j € [0,1],
and IT*/" for all j* € [0, 1], the continuation of Q* solves (HT*) and satisfies (MT*) at date
t given X€, TI for all j € [0,1], and IT*/" for all j* € [0, 1], the continuation of IT" solves
(FT) at date t — 1 given X€, IV for all / € [0,1], / # j, and (Q,IT*,Q*), and the continuation
of IT*/" solves (FT) at date r — 1 given X©, %" for all j* € [0,1], j* # j*, and (IT,Q,Q").
Both household and firm have no temptation to defect after élc_ 1

Now consider the governments’ temptation to defect from X from date ¢ following .§,€1.
Since Q solves (HO) and satisfies (MO), and Q* solves (HO*) and satisfies (M O*) for all

EC, 0" (EC) and @*"(EC) have

~y2<(1=7) 2y +(1—7)
=1 ¢ =(1-P- (A.68)
PHPF: PH:PF;:
= Ir=t (A.69)
PH ¢ PFy

Utilizing the proof of Proposition 3.8, the best the government can achieve by defecting
is to set X to solve (CD) at date ¢ and, follow to the autarky plans (64, 7% % %%, ©*%)
forever after. This best defection produces total weighted welfare given by the left-hand side
of Equation (3.43). Because Equation (3.43) holds, the governments have no temptation to

defect from X€ after £C |.
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For histories élc_l in which there are defections from X¢ by governments, the revert-to-
autarky plans dictate that the governments, firms, and households all choose the autarky
plans in every subsequent period. As proved by Proposition 3.8, no one has a temptation to
defect from these plans.

Finally, (6", 7", 0", &, ®*") is a sustainable equilibrium, and (X¢,T1,Q,IT*, Q*) is the

accompanied sustainable outcome. []

A.2.10 Proposition 3.10

We need to prove that the one-period welfare from deviation under cooperation is larger
than that under non-cooperation. As function f(¢) (defined below) is concave and reach the
maximum at ¢, we only have to find the condition so that & >,

Let f(¢) = E?_I;S —2¢. We have f”(¢) < 0 so f(¢) achieves the maximum when f'(&) =0.

1/a

Solving this first-order condition yields & = (1/2)!/* which is consistent with f(&€).

We next compute & = (1/2)1/%(1/(2¢®))/(*(1+a)) < & O

A.2.11 Corollary 3.1

The optimal monetary policy under commitment is the global Friedman rule when
® > max (PN, PN e e,

The cooperative monetary policy under discretion is (£§,£5C) = (¥,%*). When condi-

tion ® > max(1/y,1/(1 — 7)) does not hold, the non-cooperative monetary policy under

discretion is given by:
(i) ® <min(1/y,1/(1-7)), (&)%) = (B,B).
(i) 1/y>®>1/(1-y), (§, ") = (&, B),
(i) 1/y<®<1/(1-7), (o§.x") = (B,5).
Because 1/y>¥C WY and 1/(1—7) > ¥, ¥*N, we can form an interval [max (Y, ¥*V PC @+C),
max(1/y,1/(1=7))].
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When @ > max(PV, ¥V, W€ W*C) U (%,%*) and U (%, £*) are strictly decreasing in both
£ and £ for £ € [B,%] and £* € [B,%*]. It is straightforward to see that in all cases, UY > U§

and N > UxC. O
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Appendix B

Appendix of Chapter 4

B.1 Derivation of equilibrium

B.1.1 Equilibrium under commitment

Assuming that both CIA constraint and budget constraint hold with equality, the La-

grangian of Home household’s problem (HO) is

v ) [ (end)*(ern)?
- () )

+2 B {mt + (i —1)+b -
=0

t

tht+1 B

( [ pusrenstivai+ [ pF,l<j*>cF,t<j*>dj*) }

t

thtﬂ

— Xty 1

o0 1
+ Zﬁ%t{mmt(x,— 1)+b,+wtll+/0 G(j)dj—
t=0

B (/OIPHJ(]')CHJ(]‘)dj+/()1PF,t(f*)CF,t(j*>dj*) }

t

(B.1)
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The first-order conditions follow from differentiating with respect to cz (), crs(Jj). i,

myi1, and by y1:

(e +20)pra () = (@1 89) e ) ern)Peify (ena ()78, (B2
(e +20)pra (57) = (@897 (e (er) e (ere (7)) V8, B3)
1= Aw, (B.4)

B (i1 + A1) = Aixy, (B.5)
Bt +01) = (1 + ) (B.6)
lim B (1 + 2 )m; =0, (B.7)

where the market clearing conditions of money market is m; = 1, of asset market is b; =

b;+1 = 0, and of the currency exchange market is

Xt

S = (B.8)

.
Xi

Taking the integral to the power of (1 — 0) on both sides of (B.2) and (B.3) with respect

to j and j*, respectively:

(0180 e ) N ers)® = (W + M) pr, (B.9)

(%88 ) N ep ) (cr)® ™" = (W + M) prs- (B.10)

Multiplying both sides of (B.2) and (B.3) by cx,(j) and cg,(j*), respectively, taking

integral, and then adding them together, we have

(0t +8)/(a8%) () *(cra)® = (1 + ), (B.11)
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where the binding CIA in Home country implies

1 1
= () peenstinais | pra(iens (). ®.12)
0 0

Substituting (B.11) back into (B.9) and (B.10) yields

o Xt 6 Xt
C — e C = ) B.13
M +06 pu, A + 0 pry ( )
. -0 . -0
. o X th(J)) . § x <sz(] ))
c = 2 ., cC = : . (B.14)
4 (J) O+ 0 pHy ( PH 1 ra(J") o+90 pry DFt
Combining (B.4), (B.5), (B.11), and (B.12) yields
Wy = e (B.15)
Bla+6)/(a%s )CH,t+lcF,t+1
Finally, (B.6), (B.11), and (B.12) imply
()
X% ¢
= — R (B.16)
BCH,H—lcF,t—H

Similarly, for the representative agent in Foreign country, the counterpart optimization

problem (HO*) can be solved such that:

. a X . 6 X
Cr, = ——= , Cy, = B.17
Fit a3 pps H.t ER Ty ( )
-0 -0
. a x (k%) . s x (pu,J)
k. (j*) = 2 = (i) = ! : ,  (B.13)
OH-5pF7t PFy OH’SPHJ Ph
xixt
Wy = L —, (B.19)
B(a+5)/(a o )CFz+1CHz+1
6
t .
BCF[+1CHI+1
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We next solve the Home firms’ problem (FO) by maximizing (4.9), taking w;, w}, py,

p;, and G; as given to obtain the unique solution

PH,t(j) =0/(0—1)w,

In equilibrium, all firms have the same prices, so that

PH: = PH7t(]') = 9/(9 - l)w,,

for all 4 € [0, 1]. Similarly, solving (FO*) yields

Pry = Pr (J7) = 0/(6 = 1)wy,

for all f € [0,1].

The labor market clearing condition in Home country is simply

*
lt = CH,I+CH71'

Using (B.8), (B.13), and (B.17) gives

Xt
lt - .
PH t

Analogously, the labor used by Foreign firm is

*
e
L.

I =
PFy

Combining (B.7), (B.11), and m; = 1 yields the transversality condition

lim B’ (o + 6>/(aa65)(CH,t)a(CF,t)5

t—eo X

=0,
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(B.22)

(B.23)

(B.24)

(B.25)

(B.26)

(B.27)



and similarly in the Foreign country we have

L (a 8)/(a8) () (e )°
t—o0 x;

=0. (B.28)

B.1.2 Proof of worst sustainable equilibrium

This part extends the work of Basso (2009) to prove the worst sustainable equilibrium in
open economy model. Given that under autarky consumption and labor approach zero, the
welfare of household in both countries approach zero. As cy s, cFy, c;'EIJ and c;“p’t approach
zero, so do y;, y; and firms’ profits. Given that the utility functions of the households
are always greater or equal to zero, and the utilities are non-negative under a competitive
equilibrium, any other sustainable equilibrium will deliver greater or equal levels of payoff
for household and firms. However, the governments and central banks objective functions
consist of the economies’ welfare plus a non-positive adjustment. Therefore, we must ensure
that there is no sustainable equilibrium that delivers negative utility for the governments and
the central banks.

Assuming that there is a sustainable equilibrium with strategy 6,y that delivers a negative
discounted sum of payoffs to the Home government from time ¢ onwards, this implies g; < g%
for some 7 > t. However, at time ¢, the Home government would do better to set a strategy
&>y with Gr = g4 for all T > ¢ and achieve a discounted sum of payoffs greater than or equal
to zero, hence, 6, does not solve the reappointment’s problem at time ¢, invaliding condition
(v) of a sustainable equilibrium.

Finally, assuming that 8 < x; < &, if the Home central bank sets monetary policy optimally
at period 7, we have x; = py,(a+8)(q: (14 8/a))~'/(1=9=%)_ Plugging that into the home
central bank objective function, we find that the maximized value of the current period utility

is given by

<a+6)1/(a+51) a+6

v * ) o490 —1
o a ((qf)“*‘“ (g/“)avoT — (Qz)“*"“) L(a-1B
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which is positive as 0 < o, & < 1 and g; = ¢/ > 1. Hence, if the home central bank maximizes
the period by period utility its total payoff would be positive. In a sustainable equilibrium, the
central bank might not set x; optimally at each period ¢, playing strategically, only to ensure
a greater payoff. Therefore, in all other sustainable equilibria but the autarky equilibria, the
central bank utility must be greater than zero. If the policy constraint, f < x; < X, binds

above, then x; = X. In that case, we are back at the autarky equilibrium. [

B.1.3 Revert-to-autarky plan

Given an arbitrary world policy G = (x, Q,x*, Q") and an arbitrary allocation (IT, Q, IT*, Q*),
we define revert-to-autarky plans (¢, ", @", 7*" ®*") as follows. For all t = 0,1,..., let
St(&—1) =4 P (&—1) = qr, and 6y (& 1) = x; for history &1 = {4, s, X5, 4, 45, %5 s =
0,1,....,t—1}letg/(&-1) =1, pp(&—1) =1, 65 (&—1) =X otherwise. Forallr =0,1,..., let
Sr(Gi-1) =47 Pp(Gi-1) = g7 and 0 (& 1) = x; for history & 1 = {45, g5, X5, 45, 45, X5 |s =
0,1,..,t =1} let gp(&—1) =1, pp(&-1) =1, 67(&-1) = % otherwise. For all j € [0, 1],
let m/"(&_1) = pr(J) for &1 ={q{.qs5,%5, 4%, 45, x5 [s = 0, 1,....t — 1}; let m/ (&) =
m/A (& 1) otherwise. Forall j* € [0,1], let ﬁ,*'i*r(ﬁt_l) = pr,(J*) for &1 ={q{, s, X5, 45", 45, X [s =
0,1,...,t —1}; let Jt,*j*r('g't,l) = "4 (&) otherwise. Let @/ (&) = Q and ;7 (&) = QF
for & = {q¢, 45, %5, ;% q5,x}|s =0,1,...,t}. £ & = (Epy—1,G%,G,%,G*,§*,%*) is such that
§—1=145,q5: %5, 43, 5, X [s =0, 1,....,t = 1} but ¢ # qf, G # q1. X # X0, G # q;°, §" # g7,
and * # x;, let o/ (&) be given by the continuation rule @’ that solve (HT), given o,
n/" for all j € [0,1] and &/ for all j* € [0, 1]; let ;" (&) be given by the continuation
rule @* that solve (HT*), given ¢”, /" for all j € [0,1] and 7*/"" for all j € [0,1]. If
& =(&-1,3%G,%,q% q%,x¥) is such that & # {q%,¢*, x5, ¢4, ¢}, xi|s = 0,1,...,t — 1}, let
o/ (&) = 0*(&) and 0" (&) = ©*4(&). Therefore, the revert-to-autarky plans induce the
continuation of outcome (G, IT,Q,IT*, Q*) as long as the policy (x,Q,x*, O*) has been cho-
sen in the past; if governments choose not to follow the announced policy, the strategy

dictates to revert to autarky plan in both countries forever. [J
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B.2 Proof of Proposition

B.2.1 Proposition 4.1

We have § = §* = 0/[(60 — 1)(1+ 8 /a)]. Taking the first-order condition of § and §*

with respect to 6 yields

_%9 _ 1 (B.29)

B.2.2 Proposition 4.2

We extend the proof of Basso (2009) to the two-country model by directly applying the
one-period deviation rule for two reasons: (i) observed behavior of the strategic players and
(ii) the continuous game because of discounted and bounded payoffs. Given {IT1, Q,TT, Q*},
the governments and the central banks would not defect from the policy plan that induces a
Markov equilibrium, for history & _; that validates such an equilibrium, since any defection
causes a reduction in their one-period payoffs. Eventually, given {x,Q,x*, 0"}, allocation
{I1,Q,IT*,Q*} is a competitive equilibrium, hence market’s conditions are clearing and rule

(m,0,7*, ") solves the problems of household and firm. (J

B.2.3 Proposition 4.3

We first show that given the decisions of the governments and central banks, allocation
(IT, Q,IT*, Q*) is part of a non-cooperative equilibrium under commitment. Using (4.19),
(4.21), and x; = x; = B3, for all ¢, we achieve py; = p}’, =Py and using these results
together with (4.16) and (4.17), we achieve cy; = cl*p?, =cyandcy; = c}'}J =CF.

We consider histories &_1 = (§g,—1,EF,—1) along which the central banks have not de-

fected from (x,x*) = (B3, B). Since allocation (x,IT,Q,x*, IT*, Q) is part of a non-cooperative
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equilibrium under commitment, choice Q solves (HO) given (x,x*IT,IT*,Q*) and satisfies
(MO) whereas choice Q* solves (HO*) given (x*,I1,Q,IT*) and satisfies (MO*). Given
(x,x*), Tl for all j € [0,1], ] # j, and (Q,T1*,Q*), each IV solves (FO), while given (x,x*),
1" for all Jre [0, 1], J* #&*, and (I1, Q,Q%*), each IT*/" solves (FO*). Therefore, the
continuation of Q solves (HT) and satisfies (MT) at time ¢ given (x,x*I1,IT" Q%), the
continuation of Q* solves (HT*) and satisfies (MT*) at time ¢ given (x,x*,I1,Q,IT*); the
continuation of IT/, j € [0,1] solves (FT) at time t — 1 given (x,x*), IV for all j € [0,1],
j # j,and (Q,IT*, Q*), and the continuation of IT**", j* € [0, 1] solves (FT*) at time 7 — 1
given (x,x*), 1% for all J€[0,1], j* # j*, and (T1,Q,Q*). Neither the households nor the
firms have temptations to defect after (g ;—1,Ep—1).

Now consider the Home central bank’s incentive to defect from x = 3 at time ¢ following
the history &_;. Since Q solves (HO) and satisfies (MO) while Q* solves (HO*) and

satisfies (MO*), the Home central bank solves the following problem

1)
1 X )“ X X q—1
Vip — ! _ x—B), (B.30)
B (OC—I—5)‘X+5 <PH,t <Pp_‘, PH:  PHip (e =F)

taking as given x =, ¢, =q; =0/[(6 —1)(1+ /)], and (IT, Q, IT*, Q*). It is easy to see
that 9%Vp / 8x,2 < 0and ‘%;/—XCIB = (0 at x; = . Hence, the Home central bank has no incentive
to deviate from x = f3 after & _;.

The problem of Home government at stage 3 using (4.18) and (4.23) becomes

1 a_x0 () a\?2
mz?x(a 5)(”52, z ZI_E(ZI_Z[) : (B.31)
The first-order condition is
(04
% 14 —2Y). (B.32)
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Using (B.32), z* = (@86 /(6 —1))~'/%, and initial delegation,

“= (<(9 - I?Exa + 5)) R i <p(a1+ 5) <a :x— 5) R (1 - (6- 1e))zxa+ 5)>) o ,

it is optimal for the Home government to set ¢, = 0/[(60 — 1)(1+ 6/ a)].

Lastly, at stage 1 the Home government has to set the delegation parameter g;'. If firms
equilibrium prices are given by (4.19) and (4.21), the central banks decide monetary policy
according to (4.23) and (4.24), and the reappointment decision is made according to (B.32),

then

1
0o+ §)*+o-1\ e P 0—1 .
pH,t = ( ( (9_)1)B (Z[pH,t) 1*“Z, 1-o — ( )B ZOC 2Zt5- (B33)

We have x; = z;pp 1, SO

6-DB a1 .5

X = 6(054—5)0‘*5*1% Z . (B.34)

As the money growth rate is bounded, B < x, < %, and z* = (ot +8)(6/(0 — 1))1/(@+3-1) 'jt
follows that

(E_)(llm (0 +8) <%)m <z < (a+9) (%)m (B.35)

X

When taking as given the firms and households allocation rules, the central banks’ policy,
governments’ reappointment rule, and Foreign government’ initial delegation, the Home

government’s delegation problem becomes

1 oa_x6 1 o oa—1_x0 ?
PR g (gt 1) m39

subject to (B.35). Given0 < a¢,8 < 1 and 0/[(6 —1)(1+0 /)] > 1, the Home government’s

welfare function is increasing in z; (because using (B.34) and x; > B we can show that
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a/(a+8)*97% 17246 _1 > 0. Since the upper bound of z; is (at+8)((0 —1)/6)!/(1=%=9),
it is optimal to set z¢ such that z, = (o +8)((6 — 1)/60)/(1=%=%) or g, = 0/[(6 — 1)(1 +
0/a)]. Substituting this result into (B.32) yields the optimal delegation parameter for Home

government at stage 1

" <<<9— 1??%6))1/(%51) @ TS (aia)l/wn (1- = I?f;m))wl.

Similarly, we can show that the Foreign government at stage 1 and 3 and Foreign central

bank at stage 4 have no incentives to deviate from ¢*¢, ¢g* and x* = f3, respectively, at time
t following history &. In summary, the outcome we have found is a Markov outcome, and

hence, a sustainable outcome under non-cooperation. []

B.2.4 Proposition 4.4

The proof mainly follows Proposition 4.3. Considering histories &_1 = (&g s—1,Ep—1)
along which the central banks have not defected from (x,x*) = (B, B), neither households
nor firms have incentives to deviate after (§H7,_1 , 5[77;_1). If the Home central bank is given
a contract g = 6. /(6 — 1), then it is optimal to set x; = 3. Hence, the Home central bank
does not deviate from x; = 3 after §H7,_1 and so does the Foreign central bank.

At stage 3 in the Home country, if the Home central bank is not reappointed, the Home

government’s welfare function must be decreasing in z; for z; > z;. Therefore,

(04
Wzta_lZ:a —1 —(PZ,a <0, or

o (B.37)
@ > ()" (ng_lﬁé - ) :

128



Given the definition of (z%,z:,z;) and the delegation contract, reappointment does not occur
if

9> (0/(0 1)1 (0/[(6 —1)(1+6/a)] —1)/(+8) = . (B.38)

Alternatively, as long as (B.38) holds and other agents follow the Ramsey outcome, the Home
government at stage 3 has no incentive to deviate from a contract with Home central bank.

Finally, at stage 1 the Home government must set the delegation parameter g to
maximize ((CHJ)OC(CFJ)6> / ((x“55> — I — @zf|z — 2| given ¢;*. If firms equilibrium
prices are given by (4.19) and (4.21), the central banks decide monetary policy accord-
ing to (4.23) and (4.24), the reappointment decision is made according to (4.45), and
gi*=0/[(6—1)(14+0/a)], we have

w=p (CI?(G_;L(“+6))IM. (B.39)

As B < x; <X, so (B.39) becomes

eXof u X\ -«
e <i<(5) @y (40

When taking as given the firms and households allocation rules, the central banks’ policy,
governments’ reappointment rule, and Foreign government’ initial delegation, the Home

government’s delegation problem becomes

max

7 o (qt ) aro-1,
t

a+8\ @ g1 s
(04 (04

o y 5 a+s 1/(a+6—-1) . .
g - (220

(B.41)
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subject to (B.40). Given that the objective function (B.41) is decreasing in ¢{ as ¢ > 1 and
q;¢ > 1, it is optimal for the Home government to set the g{ equal to the lower bound such
thatg? = 0/[(6 —1)(1+3d/a)].

Analogously, we can show that the Foreign government at stage 1 and 3 and Foreign
central bank at stage 4 have no incentives to deviate from ¢g** =¢*=0/[(0 — 1)(1 + 6 /)]
and x* = B, respectively, at time ¢ following history &f,. In brief, the Ramsey outcome is a

Markov outcome, and hence, a sustainable outcome under non-cooperation when ¢ > ¢. [

B.2.5 Proposition 4.5

We have

0 T—a—3 O 1
92(9-1) ((9—1)(a+6)_1) o (B.42)

Since a + 6 is fixed, d¢/do > 0. An increase in § means a decrease in o which reduces

the value of . [l

B.2.6 Proposition 4.6

Under 6, the Home representative firm takes &_ as given at each date t = 0,1,2, ...
and solves (FT) assuming x;4; = X and x;, = X for all s = 0,1,2,... Similarly, the Home

representative household takes & as given at each date t = 0,1,2,... and solves (HT) as-

*

suming Xy 4541 =X and x|

; =xforall s =0,1,2,... The Foreign firm and household are
analogous.

Fort =0,1,2,..., the necessary and sufficient conditions for solutions to (FT), (HT),
(FT*), and (HT*) coincide with those for (FO), (HO), (FO*), and (HO*), respectively.
Taking x; = X and x} = X as given, we plug (4.16), (4.17), and (4.21) into (4.19) to achieve

a system of difference equations with solution py ; = py and pj';’, = prforallt=0,1,...,
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where

1

(848 TN ans)

pr = ( R x , (B.43)
1

L (@) TN s

Pr = ( 0-1)B x . (B.44)

It follows that each 774, j € [0, 1] has 7" (&,_1) = i and 74, j* € [0, 1] has ﬁ,*j*A(é,_l) =

Py forallt =0,1,2,... and &_;. Then we can drive the solution to @ (&)

o Xt 5 Xt
- X -2 % B.45
CHJ a+6p_H7 CFJ a+5p_Fv ( )
" o X N o X
= = B.46
CFJ a+5ﬁ;~7 CH,[ a+6ﬁ}k_17 ( )
*
L=t =L (B.47)
PH PF

forallz =0,1,2,... and &.

By construction, 7/4 for all j € [0,1], %/ for all j* € [0,1], ®*, and ®** satisfy
conditions (i)—(iii) in the definition of a sustainable equilibrium under non-cooperation. We
have to verify the rest of conditions (iv)—(vi). First, for condition (vi): Given Of, o;5 and
o for i ={1,2}, m/ for all j € [0,1], #*/" for all j* € [0, 1], @, and ®*, the continuation
ol solves (CBT) for allt =0, 1,... and &_1; Given oy, 0z and o;r for i = {1,2}, n/ for
all j € [0,1], #*/" for all j* € [0,1], ®, and ®*, the continuation ¢’ solves (CBT*) for all
t=0,1,...and &_,. In light of py and p}. as above, g, = 1, and x; = X for all 7, we aim to

show that x; = X for all r maximizes the one-period welfare of the Home household

1 x®50

(o4 8)%t0 p& s pu

Xt

Ve = (B.48)
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It is clear to see that 9?Vcp,/dx? < 0 and

IVea, 1 ( a xtaflfs 1) (B.49)

ox, % (a+6)0‘+5 (pH)OH-S—l -

whose value at x; = X is given by

1 00x
P (ﬁ<a+5)(9— D 1) | (550
o0x

As long as Blat8)(0=1) > 1, the optimal policy of Home central bank is x; = x for all 7 if
the Foreign central bank and other agents follow the autarky plan under non-cooperation.
Similarly, when [3((154-“6—(3)(?6—1) > 1, the optimal policy of Foreign central bank is x; = X for all
t if the Home central bank and other agents follow the autarky plan under non-cooperation.

Next, we verify condition (v) by using the contraction. We check the first-order condition
(4.45) for the Home government’s problem at stage 3. Given z¢ =77 = (a+ 98)((o¢ +

8)/a)'/(@+3=1) suppose that z; > z¢ holds, we can compute z; as follows

1
1 —a
= (1 +(ng) 7 < zf. (B.51)

Therefore, it is optimal for Home government to set z; =z or ¢’ = 1 given that other agents
follow the autarky plan.

Lastly, we verify condition (iv) for governments at stage 1. When taking as given the
firms and households allocation rules, the central banks’ policy, governments’ reappointment
rule, and Foreign government’ initial delegation, ¢;* = 1, the Home government’s delegation

problem becomes

o+ 0
max

= (qf) T — (gf)areT, (B.52)
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subject to g > 1. Given that the objective function (B.52) is decreasing in g{ as ¢ > 1, itis

optimal for the Home government to set the g equal to the lower bound such that gf = 1. J

B.2.7 Proposition 4.7

In the following proof, it is enough to consider the Home government’s problem. That
of Foreign government is analogous. The proof of proposition 4.7 includes two parts: First,
assume that (G,IT,Q,IT", Q) is a sustainable outcome, accompanied with some sustainable
equilibrium (0,7, 0, 7%, ®*). As (FT), (FT*), (HT), (HT*), (MT), and (MT*), att =
0 coincide with (FO), (FO*), (HO), (HO*), (MO), and (MO*), conditions (i)—(iii) in
the definition of a sustainable equilibrium mean that (G,I1,Q,IT*, Q") is an outcome of
equilibrium under commitment. It is enough to consider the Home government’s incentive.

Since @ is part of a sustainable equilibrium, its continuation @' must address (HT) and
satisfy (MT) fort =0,1,2,... Since each r = 0, 1..., the necessary and sufficient conditions
for (HT) are identical with those for (HO) and the market clearing (MT') are identical with

those for (MO). It is analogous to @*. Thus, @ (&) and ®;"(§;) must have

o Xt 5 Xt
o , Cpy = K B.53
a4 6 PH P a+s DFy (559
. o x; X o x
__® & - : B.54
CF,I a+6p>;;~7t CH,Z‘ a+6p}k_1t ( )
%
=1 =t (B.55)
PH ¢ PFy
_ Xt X141 x_ XX
Wi = S a§8) o 5 0 M= S a§s)ora k6 (B.56)
Blo+8)/(a*8°)cy 4 1€k 11 Bla+0)/(a%8)criy iCrin

forallz =0,1,2,... and &,.
Then, given ¢ and &, the Home governments at stage 3 could defect from ¢ at date ¢,
so that achieve the one-period weighted welfare Ué’;( PH 1+ p;t) and revert to the autarky plan

p}f‘] after that. This defection generates the total weighted welfare given by the left-hand side
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of (4.46). Since the condition (v) in the definition of a sustainable equilibrium prevents such
a temptation to defect, (4.46) need to be satisfied.

Second, let (G,I1,Q,IT*, Q") be an outcome of equilibrium under commitment that
satisfied the constraint (4.46), and let (6", 7", ®", 7", ©*") be the corresponding revert-to-
autarky plans. We need to show that (6", ", @", 7", @*") is a sustainable equilibrium.

Given the history &_ | in which governments have never defected from G, allocation
(G,I1,Q,IT", Q%) is an outcome of equilibrium under commitment. Choice Q solves (HO)
and satisfies (MO) given G, T/ for all j € [0,1], and IT*/" for all j* € [0, 1], while choice Q*
solves (HO*) and satisfies (MO*) given G, I/ for all j € [0, 1], and IT*/" for all j* € [0, 1].
Each IV solves (FO), given G, I/ for all ] € [0,1], j # j, and (Q,I1*, Q*), whereas each
IT*/" solves (FO%), given G, 1" for all Jre [0, 1], 7* £ j*, and (I1, Q,Q*). Therefore, the
continuation of Q solves (HT) and satisfies (MT) at date ¢ given G, I/ for all j € [0, 1], and
I1*/" for all j* € [0, 1], the continuation of Q* solves (HT*) and satisfies (MT*) at date ¢
given X, T/ for all j € [0,1], and IT*/" for all j* € [0, 1], the continuation of IT/ solves (FT)
at date r — 1 given G, TV for all ] € [0,1], ] # j, and (Q,IT*,Q*), and the continuation of
IT%" solves (FT) at date t — 1 given G, IT*/" for all /* € [0,1], /* # j*, and (I, Q,Q*). Both
household and firm have no temptation to defect after & .

Now we consider the Home governments’ temptation to defect from ¢ from date ¢
following & _. Since Q solves (HO) and satisfies (MO), and Q* solves (HO*) and satisfies
(MO*) for all &, 0" (&) and 0*" (&) have

o .ft 5 il‘
o — A gy =0 B.57
H.t @+ pr Fi G+ prs ( )
=2 (B.58)
PH t

Utilizing Appendix B.1.2, the best the Home government at stage 3 can achieve by defecting

is to set g at date ¢ and, follow the autarky plans (o, 7%, @*, %%, 0**) forever after. This
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best defection produces welfare given by the left-hand side of (4.46). Because (4.46) holds,
the governments have no temptation to defect from ¢ after & _;.

For histories & _; in which there are defections from ¢ by Home government, the revert-
to-autarky plans dictate that in Home country the government, firms, and households all
choose the autarky plans in every subsequent period. As proved in Appendix B.1.2, no one
has a temptation to defect from these plans.

Finally, (6",7",@", 7*", ®*") is a sustainable equilibrium, and (G,IT,Q,IT*, Q%) is the

accompanied sustainable outcome. [

B.2.8 Proposition 4.8

Holding a + 6 fixed, we need to prove the right-hand side of the constraint (4.48)
is decreasing in 0 or increasing in &. As o + O is constant, so do some parts of the
right-hand side of the constraint (4.48). Hence, the problem reduces to show a function
f(a) = a® =% (1 — q) is increasing in c.

Taking log of f(o) and then taking derivative yields dIn(f)/dco > 0. We can derive the

first-order of f (o) with respect to a as follows:

df(a) 9 aIn(f)
a  In(f) Ja

= >% > 0. (B.60)

(B.59)
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