LIBRARY
Michigan State
University

PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES retum on or before date due.

DATE DUE DATE DUE DATE DUE

— 1

MSU Is An Affirnative ActiorvEqual Opportunity Institution
ci\circ\datedus.pm3-p. 1




THE MACROECONOMIC CONSEQUENCES OF A EUROPEAN MONETARY UNION

By

Patricia Susan Pollard

A DISSERTATION
Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Economics

1992



§77-¢ 70X

ABSTRACT
THE MACROECONOMIC CONSEQUENCES OF EUROPEAN MONETARY UNION

By

Patricia Susan Pollard

This dissertation develops a two-country model of a monetary union,
analyzing fully the 1linkages between the countries by specifying
structural equations for the goods, money and bond markets.
Interdependencies arise through trade, the asset markets, and a common
currency. The financing needs of the governments determine the supply of
bonds; while the savings functions of the public and the monetary policy
of the central bank determine demand. The central bank determines the
supply of money in the world, but demand within each country determines
its distribution. The model also includes a supply side for each economy
based on an expectations augmented Phillips curve.

It is possible to trace the shifts in both aggregate demand and
supply resulting from a change in fiscal and monetary policies. Because
prices are not fixed, policies which affect aggregate demand and thus
change inflation in one country cause a shift in aggregate supply in the
other country. Past policies matter if they affect the relative current
account balances, because these balances are reflected in the slope of
each country’s aggregate demand curve. Thus, given asymmetries in current
account balances, the fiscal policy adopted by a country can have
asymmetric effects on output. This result suggests that fiscal policies
may cause friction among countries in a European monetary union,
supporting arguments for fiscal policy convergence prior to the creation

of a monetary union.



Next, policy interactions among the two fiscal authorities and the
monetary authority are explored in a game theoretic setting. The fiscal
authorities set targets for output and inflation in their own countries,
while the monetary authority sets a target only for average inflation in
the monetary union. Strategic interactions among the players is examined
under coordination, a Nash game and a Stackelberg game. The central bank
achieves its inflation target under noncooperation but not through
coordination. The countries do not meet either of their targets under any
of the games examined. A monetary union, in which the central bank does
not care about the distribution of inflation across countries, may not

bring welfare improvements for individual members.
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CHAPTER 1: A MODEL OF A MONETARY UNION

t u o

In December 1991, the leaders of the European Community (EC) met in
Maastricht, Holland, to sign a treaty of economic and monetary union.
This treaty formalized the intentions of the European Community to move
toward full economic and monetary union, which began with the Single
European Act of 1985. 1Initially, attention was focussed on the single
market aspect of this Act: the elimination of all barriers to the free
movement of people, goods and assets by 1992. It was not until the
issuance of the "Report on Economic and Monetary Union in the Economic
Community"” (the Delors Report), in April 1989, that the issues of monetary
union and coordination of economic policies came to the forefront.

The Delors Report envisioned a process of monetary union linked with
the convergence of economic policies to be accomplished in three stages.
Stage one would focus on the establishment of the single market through
the integration of goods markets and financial markets. Stage two would
see the establishment of the basic organizations needed for the
functioning of an economic and monetary union, most important being the
creation of the Eurovpean System of Central Banks (ESCB), which would be
given independence from the fiscal authorities of the member countries of
the European Community and from the Community itself. In the final stage,
exchange rates between member countries woulé be fixed, the ESCB would
become the sole monetary policy authority for the EC, and ultimately a
single currency would be adopted.

There has been much written concerning the process of establishing

a monetary union, particularly with respect to the role of a central bank
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and the implementation of a common currency. While the process of
creation of a monetary union will be a temporary one, the resultant union
is expected to be permanent. Yet, there has been 1little written
concerning the macroeconomics of the EC countries operating in a monetary
union. One reason may be that until recently there have been doubts as to
whether the final two stages would be implemented. Now however, there is
little doubt that there will be a monetary union among most, if not all
the EC countries, before the end of this decade. What remains unclear is
the extent to which fiscal convergence will be mandated as part of the
process of monetary union. The most important issue in this regard is
whether members of the EC will provide the Community the ability to
restrict the budget deficits of the national governments.

However this last issue is decided, one thing is clear: the European
Community system can not be modelled as a typical federal system, such as
that of the U.S. or Canada, nor as a standard open economy fixed exchange
rate system. In the European Community, the members of the federation,
the national governments, will continue to be the primary fiscal policy
makers, controlling most of the revenues and expenditures of the
Community. Thus, the interaction between the national governments through
fiscal policies remains important, while the role of the central (i.e. EC)
government is of minor importance. Even if the final step of the monetary
union were the establishment of fixed exchange rates between the member
countries, and not the adoption of a single currency, the establishment of
an independent central banking system to set monetary policy for the
entire EC would limit the applicability of the open economy fixed exchange

rate model.



3

A model of a monetary union for the EC must capture the importance
and interaction of fiscal policies across the member countries, the link
between countries caused by the use of a common currency, and the
restrictions imposed by an independent supranational central bank. This
is done through the creation of a two country macroeconomic model, which
has its roots in the Mundell-Fleming model. In order to depict more fully
the nature of the linkages between the countries and the central bank, the
model does not begin (as is standard) with the reduced form equations, but
derives these equations based on a structural model of goods market, money
market and bond market interaction. Furthermore the model developed in
this chapter does not make the common assumption that output is demand
determined, but instead develops a simple model of the supply side of the
economy to capture both the demand and supply effects on output and
. inflation. This model is used to explore the interdependence among the
countries and between the countries and the central bank in a monetary
union and to analyze the policy interactions among them.

The second section of this chapter discusses the creation of a
European monetary union. The third section examines issues in modelling
a monetary union within the context of international macroeconomic models.
The fourth section develops a two country model of a monetary union. The
fifth section explains the linkages between the countries as captured in
the aggregate supply and demand equations for each country. The sixth
section gives the solution for equilibrium output and inflation in each
country, and develops comparative statics to indicate how the policies of
one country affect both countries within the monetary union. This section

also examines how the existence of a monetary union changes the results of
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the standard two country open economy model. The final section presents

the conclusions and indicates areas for further research.

Sectjon II: Monetary Integration in the European Community

The original Treaty of Rome, which established the European Economic

Community in 1957, gave little mention to monetary policy within the
Community. The Treaty did set basic goals for the economic policies of the
member countries: high employment, stable prices, maintenance of
confidence in their currencies, and balance of payments equilibrium. It
does make reference to coordination of monetary policies "to the full
extent needed for the functioning of the common market (Louis, 1990, pp.
11-12). Nevertheless, no mention is given to the nature or merits of this
coordination. Nor is there any reference to the need for monetary
integration.

The first major step towards monetary integration occurred in 1969
when the governments of the member countries agreed that the Community
should devise a plan for an economic and monetary union. The impetus for
this agreement was the success of the Communitj in the 1960s, particularly
the completion of the customs union and the development of the common
agricultural policy (Baer and Padoa-Schioppa, 1989, p. 53). This
agreement was formalized in the Werner Report, adopted in 1971. The
Werner report envisioned the completion of a monetary and economic union
within a decade. Such a union would be characterized by the
centralization of economic policies, fixed exchange rates (possibly a
single currency), and a Community system of central banks, based on the
Federal Reserve System. The process towards the union began with the

establishment of a margin system for exchange rate fluctuations for
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members’ currencies, known as the "snake". This initial step was also one
of the only steps made towards economic and monetary union, as by the mid-
1970s the members of the EC lost their enthusiasm for closer integration.
One primary reason for this change was the change in the international
environment in the 1970s, particularly the collapse of the Bretton Woods
system and the oil price shocks. Countries within the community disagreed
with respect to the appropriate policy response to these shocks and saw
exchange rate flexibility as a means to increase control over their
domestic economies (Baer and Padoa-Schioppa, 1989, pp. 56-57).

The experience of high inflation and economic instability in the
1970s focussed the Community’s attention once again on the need for policy
coordination. In 1978 the European Monetary System (EMS) was created as
a "scheme for the creation of closer monetary cooperation leading to a
zone of monetary stability in Europe" (Louis, 1991, p. 19). The most
important aspect of the EMS was the establishment in 1979 of the Exchange
Rate Mechanism (ERM) which set narrow margins for exchange rate
fluctuations between member countries.! At present all the member
countries of the European Community, with the exception of Greece are
members of the ERM. Although there were frequent readjustments of
exchange rates between the member countries in the earlier years, these
readjustments now occur infrequently.

The success of the EMS in bringing about nominal exchange rate
stability for the member countries is undisputed. There is, however, much

disagreement as to whether the EMS is also responsible for real exchange

' The bands are set at 2.5 percent for all countries, except Italy,
Portugal, Spain and the United Kingdom which are allowed a 6 percent
margin of fluctuation.
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rate stability, and therefore a convergence of the inflation rates of the
member countries. Inflation rates in the EMS countries have declined and
converged since its establishment, but so have the inflation rates for all
the 1industrialized countries. Given this common experience of
disinflation throughout the industrialized world, there is no satisfactory
way to determine the impact of the EMS on inflation rates in Europe.?
Nonetheless, there are those who claim that participation in the EMS has
made it easier for some countries to pursue disinflationary policies.
Giavazzi and Giovannini (1990) argue that the constraint imposed by the
exchange rate margins provided a justification for unpopular (i.e.,
disinflationary) domestic policies.

The EMS is also thought to be responsible for eliminating
independent monetary policy within the Community. As noted in The Wall
Street Journal: "new members in the mechanism and narrower divergence
bands within it have highlighted the interdependence of European economies
in general and monetary policy in particular" (Whitney, 1991). But this
interdependence carries an asymmetric burden. The burden of adjustment is
placed on the deficit countries whose currencies are at the bottom of the
fluctuation band. No such burden falls on the countries whose currencies
are near the top of the fluctuation band. These countries are

"practically exonerated from correction of their external imbalances" (de

2 For more on this point, see Rudiger Dornbusch, 1991, Problems of
European Monetary Integration, In A. Giovannini and C. Mayer, eds.,
European Financial Integration, New York: Cambridge University Press.
Also, Susan M. Collins, Inflation and the EMS, National Bureau of Economic
Research Working Paper No. 2599, May 1988.
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Larosiere, 1990, p. 722).3 Countries whose economies and consequently
currencies are weak are limited in their ability to lower interest rates
to promote growth, for to do so could weaken their currencies further,
pushing them down to the bottom of the margin of fluctuation.

There is also some evidence that the EMS had an impact on the fiscal
policies of the mémber countries. De Grauwe (1990) notes that while the
decline in inflation rates in the 1980s was a characteristic of both EMS
and non-EMS industrial economies, looking at output growth rates presents
a different picture. The EMS countries, as a group, experienced a more
pronounced slowdown in GDP growth than non-EMS countries, both within and
outside of Europe, in the 1980s. De Grauwe states that this differenée
can be explained by looking at the fiscal policies of the EMS countries.
Since 1982 the EMS countries have followed more deflationary fiscal
policies than the non-EMS countries. Using a game-theoretic setup, he
argues that countries in the EMS attach a large weight to external
equilibrium, as measured by the Current Account balance. Although this
has helped to stabilize exchange rates within the EMS, he shows that in
the absence of cooperation countries in the EMS will react to an exogenous
shock, which causes a deterioration in their current accounts, by
restricting fiscal policy. Although cooperation would lead to less
restrictive policies, and higher growth, de Grauwe states that "in the
field of fiscal policies, the EMS countries have little incentive to

cooperate" (de Grauwe, 1990, p.138).

3 This asymmetry is fairly typical of fixed exchange rate systems and
was a constant problem with the Bretton Woods system.



8

This more pronounced deceleration in economic growth and the
increasing competition Europe faced from Japan and the United States were
two important factors leading to the adoption of the Single European Act
in 1985. The Single European Act called for the creation of an internal
market in the EC, through the elimination of all barriers to the free flow
of people, goods, services and capital. The process is to be completed by
the end of 1992.

As the concept of and movement towards an internal market gained
momentum, the issue of economic and monetary policy coordination once
again received attention within the EC. 1In 1988, the European Council
established the Committee for the Study of Economic and Monetary Union,
chaired by Jacques Delors to examine this issue and to develop a program
aimed at its implementation. In 1989 the Committee issued a report
stating:

Economic and monetary union in Europe would imply complete
freedom of movement for persons, goods, services and capital, as
well as irrevocably fixed exchange rates between national currencies
and finally, a single currency. This, in turn would imply a common
monetary policy and require a high degree of compatibility of
economic policies and consistency in a number of other policy areas,
particularly the fiscal field. These policies should be geared to
price stability, balanced growth, converging standards of living,
high employment and external equilibrium. (Committee for the Study
of Economic and Monetary Union, 1989, p.17)

Monetary union would be characterized by a single currency, and the
common management of monetary policy carried out through a European System
of Central Banks (ESCB). Economic union would have four basic elements:
1) a single market; 2) measures aimed at strengthening the "market
mechanism”; 3) common policies with respect to structural change and

regional development; and, 4) macroeconomic policy coordination among

member governments, to include binding rules for budgetary policies.
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The achievement of economic and monetary union would occur in three
stages. Stage one would aim at a greater convergence in economic
performance among the member countries, through increased policy
coordination. During this stage the internal market would be completed,
all members of the EC would become participants in the ERM, and procedures
would be established for budgetary policy coordination.* The details of
the last two stages would be worked out during this first stage and the
necessary Treaty amendments would be made to pave the way for economic and
monetary union. The European Council, in June 1989 gave its approval for
the commencement of the first stage on July 1, 1990 and established an
intergovernmental conference to develop the last two stages. The first
stage is scheduled to be completed in 1994.

Phase two involves the creation of the organizations necessary for
full monetary union, most notably the ESCB. There is clear agreement on
the structure of the new central banking system. It is to be comprised of
~a ruling council made up of 5-7 full time directors and the governor of
each country’s central bank.? The council is to be given full
independence from the governments of the member countries and of the EC.

During this phase, however the individual central banks will still set

4 The EC has adopted procedures for budgetary policy coordination.
At present, the European Commission and finance ministers from all member
countries, review each country’s budget. These groups may publicly call
for spending cuts by a member government, but their advice is non-binding.

‘5 Even with the creation of a monetary union the member countries
will retain their national central banks and thus appoint a governor of
this bank. These banks, however, will not carry out independent national
monetary policies, but will be incorporated into the central bank system.
They will operate similar to the Landszentralbanken (literally: Land
Central Banks) of the Bundesbank or the Regional Federal Reserve Banks.
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national monetary policies. Also during this phase, countries are to
achieve further economic convergence.

The final timetable for the start of phase three has not yet been
established, but this phase is unlikely to occur before 1997. As seen at
present, it is expected that in 1996, the European Commission and the ESCB
will report to the Council of Finance Ministers (composed of the finance
ministers from each member country) as to the progress countries have made
towards economic convergence. Of particular importance is the convergence
of interest rates and inflation rates, and exchange rate stability (i.e.
the absence of realignments in the ERM). Based on this report, the member
countries will decide if they are ready to move to full monetary union.
The decision to move to a monetary union must be approved by all member
countries, but participation of all countries in the monetary union is not
required.®

As noted above, the participants in the monetary union will share a
common currency, issued and controlled by a common, independent central
bank. The central bank will be responsible for the formulation and
implementation of the monetary policy for the entire Community (or members
of the monetary union if these are less than the total EC countries). As
formulated by the Delors Report, the primary objective of the central bank
is to be price stability. To emphasize the weight which the central bank

should place on achievement of this objective, the report states that only

6 At present the proposals range from a minimum of six to eight
member states agreeing to participate in the monetary union, in order for
it to be established. There is also some disagreement as to whether a
country can be kept out of the monetary union if it has not achieved the
required level of convergence. For a discussion of this issue, see "The
Unpopularity of Two-Speed Europe", The Economist, September 14, 1991, page
89.
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"subject to" this objective should the central bank "support the general
economic policy set at the Community level"” (Committee for the Study of
Economic and Monetary Union, 1989, p. 25). To further emphasize the
importance of price stability, and the independence of the central bank,
the bank would be prohibited from the direct financing of government
deficits.

While the basic structure of the monetary union has been agreed upon
by the member countries of the EC, there is less agreement as to the
degree of economic union that is to occur or that is necessary for
monetary union - in particular, the coordination and control of fiscal
policies. The Delors Report itself is equivocal on this point. For
instance the report states:

In the budgetary field, binding rules are required that would ..

impose effective upper 1limits on budget deficits of individual

member countries of the Community.
but then adds:

although in setting these limits the situation of each member

country might have to be taken into consideration. (Committee for

the Study of Economic and Monetary Union, 1989, p.24)

At another point the Report states:
Even after attaining economic and monetary union, the Community
would continue to consist of individual nations with differing
economic, social, cultural and political characteristics. The
existence and preservation of this plurality would require a degree
of autonomy in economic decision-making to remain with individual
member countries and a balance to be struck between national and

Community competences. (Committee for the Study of Economic and

Monetary Union, 1989, p. 17)

There are two views on the need for fiscal convergence in a monetary
union. The first argues that there is no need to establish binding rules

for fiscal policy, as the monetary union will of its own accord lead to

fiscal policy convergence. Cohen (1989) develops a model which supports
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this conclusion. He argues that monetary policy coordination if it is
credible will "trigger the appropriate fiscal correction needed to make it
sustainable"” (Cohen, 1989, p. 304). Fiscal policy coordination might be
welfare enhancing, but he notes it is not a prerequisite for monetary
union.

The second view argues that binding rules with respect to the size
of budget deficits are needed to ensure the proper functioning of a
monetary union. This view is based on the premise that there would be a
lack of fiscal restraint among the members of the monetary union, the
result of which would be either pressure on the monetary authority to
monetize the deficits and/or crowding out of investment within the
Community due to an increase in the interest rate.’ Fiscal laxity by some
members is thus thought to create problems for the entire Community either
through higher inflation or slower growth, which in turn could increase
pressure within the fiscally sound countries to break away from the
monetary union.

Although de Grauwe does not specifically discuss a monetary union,
his conclusion that the EMS did not give incentives to coordinate fiscal
policies can also be applied to the monetary union. In this case,
however, one can argue that the lack of coordination will lead to too much
fiscal restraint rather than too little. As noted in Buiter and Kletzer
(1991), the asymmetry of constraints discussed on fiscal policies, "can

only be rationalized through a belief that absent these constraints there

7 Given the existence of perfect capital mobility and if assets are
perfect substitutes, one can think of an interest rate prevailing for the
entire EC.
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would be a bias towards government deficits that are too large rather than

too small." As de Grauwe points out, the opposite may in fact be true.

Section III: Modelling a Monetary Union

Modelling a monetary union, such as that expected to occur in the
European Community, presents a problem because it does not fit into the
mold of either a standard closed economy model, or an open economy fixed
exchange rate model. The European Community system can not be modelled as
a closed economy typical of federal systems, such as the United States or
Canada, due to the difference in relative importance between the central
government and regional authorities.® In modelling fiscal policy effects
in a typical federal system one does not worry about the policy
interactions and spillover effects among states, and between states and
the central government. This is due to the dominant role of the central
government as fiscal policy maker. Although states or regions in a federal
system set taxation and revenue policies which have an impact upon the
national economy, fiscal policy is still dominated by the actions of the
federal government.

In the European Community, the members of the federation (the
national governments) will continue to be the primary fiscal policy
makers. Thus, the interactions of the regional players are of prime
importance in modelling the monetary union. So, instead of ignoring the
effects of fiscal policy decisions by the state governments (as in a

closed economy model of the U.S.), the model of a European monetary union

8 There are those, however who seem to indicate that such a model is
applicable. Both Cohen (1989) and Portes (1990) in discussing the issue
of fiscal policy coordination note that one does not worry about this
between states in the U.S. and thus it may not be a problem for the EC.
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ignores the effects of fiscal policy decisions made by the Community
government.

This distinction can be justified by looking at the relative sizes
of fiscal expenditures by U.S. states, versus the "states" of the European
Community. The expenditures of the U.S. federal government constitute
around 20-25 per;ent of U.S. GDP, while the expenditures of even the most
populous states (California and New York) are less than 2 percent of GDP,
and the total expenditures of all fifty states are ohly about 13 percent
of GDP. In contrast, the expenditures of the European Community
government are at present only slightly more than 1 percent of the GDP of
the EC and are not expected to exceed 3 percent of GDP (Lamfalussy, 1989,
PP. 107 and 111). Furthermore, the European Community government, as the
states in the U.S., have no means for active fiscal policy, as it must
have a balanced budget.

A monetary union within the European Community also does not fit
into the model of a fixed exchange rate system. First the use of a single
currency permanently fixes (at one) nominal exchange rates between the
member countries. Re-valuation or de-valuation of the exchange rate is
not possible. More important is not the use of a single currency, but
rather the common monetary policy which distinguishes the model of the
European monetary union from that of an open economy fixed exchange rate
model. Unlike the standard Mundell-Fleming fixed exchange rate model
where monetary policy has no effects, in the model of a monetary union,
the monetary policy actions of the central bank affect all countries in
the union. This observation and the existence of separate fiscal policy
makers within each country indicate that there is likely to be strategic

behavior on the part of the policy makers within a monetary union. Thus,
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the model to be developed here must serve two purposes: 1) indicate the
channels of influence across countries, and 2) address policy coordination
issues.

Most open-economy models treating issues of interdependence and
policy coordination between countries start from a reduced form aggregate
demand model. Cohen and Wyplosz (1989) develop a macroeconomic model of
a monetary union in which aggregate demand in each country is given by one
variable which is directly controlled by the fiscal policy maker, and
inflation is a choice variable of the central bank.? Cohen (1989), Bean
(1985) and Pachecco (1985) use slightly more complex reduced form models
to model coordination problems across countries. While these models are
useful for treating certain issues, they have limited applicability to the
issues treated in this chapter, as they do not adequately indicate the
types of linkages between the countries. In the model developed here one
can clearly distinguish the direct, spillover and feedback effects on
aggregate demand and aggregate supply due to a change in one of the
exogenous variables.

The model developed in this chapter is most similar to those of
Oudiz and Sachs (1984), Sachs and Wyplosz (1984), Kole (1988), and Kenen
(1989, 1990), all of which start from the explicit equations for the
components of aggregate demand. Nevertheless, all of these models also
have their limitations for modelling a monetary union. With the exception
of Oudiz and Sachs, all of the models ignore the supply side of the

economy. With the exception of Kole, they ignore interest-income terms in

? This type of model is fairly common in game theory models of
monetary and fiscal policy, see for example Cohen (1989) and de Grauwe
(1990).
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private absorption. This is a fairly typical restriction in open-economy
model, as it simplifies the process of solving for aggregate demand and
equilibrium output and prices. At the same time, however, in dynamic
models it removes a link between the supply and demand side by removing
inflation from the demand side. Likewise, it neglects the impact of last
period’s interest rate on this period’s consumption. Further, Sachs and
Wyplosz use a small country model and assume that prices are fully
flexible so that output is fixed at its natural level. This eliminates
the usefulness of active fiscai policy. Kole also assumes that output is
fixed, and ignores the money market.

Although the degree of fiscal convergence which will be mandated by
the European Community has not been settled, this does not hinder the
ability to create a model of a monetary union. In fact, such a model can
be used to resolve some of the issues relating to fiscal convergence, by
indicating the nature of the spillover effects of fiscal policy in a
monetary union, and addressing the issue of crowding out both internally
and in other countries within the monetary unioﬁ. These issues are
addressed in this chapter.

Much attention has been focussed on the impact of the internal
market on Europe and also on the mechanisms for creating a monetary union.
Little attention however has been paid to the macroeconomic implications
of a monetary union for the economies of the member countries of the

Community. Cohen and Wyplosz present one of the few macroeconomic models
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of a monetary union. Their model, as discussed above, is too limited to

be used to address the issues discussed in this chapter.?

v; ode

There are two countries, indexed by 1 and 2, which are of similar
size. Each.country maintains independent control over its fiscal policy,
but the monetary policy for the two countries is controlled by an
independent central bank.

The countries produce goods which are imperfect substitutes. Goods
are traded freely between the two countries. There are no transportation
costs, but preferences for goods may vary across the countries. The
government and the private sector in each country demand both domestic and
foreign goods.

Each government issues one period bonds which are bought by the
residents of each country and the central bank. The bonds are perfect
substitutes, and capital is perfectly mobile. Thus, the nominal interest
rate prevailing in each country at all times is the world interest rate
(i.e. It-11t-12t)’ There are no private issues of bonds, nor is there any

capital accumulation.

10 Recently there have been models developed which focus on specific
aspects of a monetary union. For example, Alesina and Grilli (1991)
develop a simple game theoretic model to analyze the effect of the
centralization of monetary policy on monetary policy in Europe. Since
their focus is on the inflation-output trade off, the economy of the EC is
modelled based on a single equation in which output is determined
according to an expectations augmented Phillips curve (similar to equation
(1) in this paper). As is common in many game theoretic models of
monetary policy they ignore the demand side of the economy and also any
interaction between a fiscal policy authority and the monetary policy
authority.
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There is a common currency, the ecu, which is issued by the central
bank. Money creation is controlled solely by the central bank, through

bond purchases. !

At the end of each period, the governments repay their
bonds plus interest. Thus, money is not held across periods. Since the
real money supply is equal to the real value of bonds held by the central
bank, the government makes its interest payments not in money but in
goods. The central bank however, neither purchases goods, nor does it
turn its profits over to the national governments. Therefore, one can
assume that the goods payment of interest is immediately consumed by the
central bank.?

All variables are measured in real terms. The deflator used to
convert a country’s nominal variables to real variables is its consumer

price index. (See Table I for a listing of variables and coefficients.)

All stock variables are measured at the start of the period, which is

" Since the money supply is determined solely by the extent of bond
purchases by the central bank, it is possible that the monetary authority
might be constrained in its ability to increase the money supply. Given
that this constraint is unlikely to be binding except in cases of
hyperinflation, and given that the central bank’s primary objective is
price stability, it 1is assumed throughout that the constraint is
nonbinding.

12 This assumption is made for two reasons. First the seignorage
issue in the European monetary union 1is at present unresolved.
Nevertheless, it is unlikely to be left to the discretion of the central
bank. Giving control over the allocation of seignorage to the central
bank would give it control over not only monetary policy, but also provide
it with the ability to conduct fiscal policy. That is, the central bank
would have control over goods in the economy and could through its
allocation of these goods directly influence the fiscal policy actions of
the two governments. Furthermore, allowing the central bank to store the
goods would give it the ability to dump them on the markets at any time
and thus disrupt the fiscal actions or plans of the national governments.
Secondly, given that one does not want to give the central bank control
over goods, the only feasible alternative assumption is to have the
central bank divide the seignorage equally between the two governments.
This alternative was rejected as it would significantly complicate the
model, without changing the nature of the results.
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Table I: Notation

Varjables:

a =
bP=
b=
b =

'UgEP'Hm
1

=
1

R® -
t =
y -
yd =
y-
X -
" -
d =

real private domestic absorption
real private bond holdings

real bond issues by the goverment
real central bank bond holdings
real government spending

nominal world interest rate

1+1

real balances

real net exports

domestic price index

consumer price index

real interest rate

1+R

expected real interest rate

real lump sum taxes

real output

real disposable income

optimal or natural level of real output.
inflation rate

expected inflation rate

government budget deficit

Parameters.:

C =
€ =
€ =

<% R 6 3 © »o
]

marginal propensity to consume

private marginal propensity to import
government margiﬁal propensity to import
income sensitivity of money demand

interest sensitivity of money demand
substitution effect in net exports

interest sensitivity of domestic absorption
output effect on domestic price inflation
weight attached to domestic prices in cpi
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Table II: Equations Underlying Country 1's Economy

Supply:
(1) Pi,ePy,e-1 ayl,_c_‘-‘? + EeaPy,eDy e , a>0
Dy, -1 y Py, e
(2) pfe=vp,.+ (1-Y)P; s . —;- <y<1
(-4 (-4
Pi1,¢7Pa,¢-
(3) my ey ® _%
P, e
Demand:
(4) RS =I,-nl,
(5a) Ry, =I.-=x,, (sb) r,,,=i.-=m,,
c
(6) b, = (p‘;‘)
Pie
(7)) yy,e=a,c+ 9.+ nx, .
(8) a,.= cyle - RS, % <c<1, 0<d<1
9) e - Yie * Ty,eca Bifer - .
(10) nx, . - ea; b, + €,G; P, - €3, - €,9;,. *+ " (i-&—t)'
Py,¢ Pa,e
1
0ce< =, e;se, 120
(11) gy, = ty,¢ - I3, eaby, ey + by,
(12) m .- Ay,%, - 01, 0<As1l, 0<@8¢<1
(13) bf, - Jﬁ?t -,
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indexed by t. Spending and portfolio decisions are made at the start of
period t. Thus, I, is the t to t+l interest rate, and m, is the t to t+l
inflation rate.
Country 1’s economy:

The equations describing country 1’'s economy are listed in Table II.
Equations (1)-(3)>descr1be the supply side of the economy. Domestic price
inflation, equation (1), is determined by the deviation of output from its
natural level, and expected domestic price inflation. This gives a
standard expectations augmented Phillips curve. The consumer price index
is given by equation (2) as a weighted average of domestic and foreign
prices. The weights are set in the initial period, as determined by the
proportion of consumption consisting of domestic goods and imports,
respectively.13

The demand side of the model, for country 1, is given by equations
(4)-(13). Equations (4) and (5) are versions of the Fisher equation.
They define the ex ante and ex post real interest rate, respectively.
Equation (5a) is written with respect to the ex post net real interest
rate while equation (5b) is written in terms of the ex post gross real
interest rate. Equation (6) defines p as the ratio of country 2's to
country 1’s consumer prices. This term is used to convert country 2's
real variables, which appear in country 1's equations, into the same units
as country l’s real variables. Thus, for example:

G: 4 p)?t G2 t
Ga,ePe = | = - —
[chc) [Plcc] b

3 As is the practice with consumer price indexes, these weights are
not adjusted each period, but may be updated after a number of years. For
the purpose of this paper, there is no updating.
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where Gy,¢ is nominal spending by the government of country 2. Therefore,
all of the real variables in country 1l’s demand and supply equations are
in terms of country 1l’s consumer price index, and all of the real
variables in country 2’'s demand and supply equations are in terms of
country 2's consumer price index.

Equations (7)-(11l) describe the goods market. Equation (7) is the
national income identity. Real income (output) is equal to real private
domestic absorption, a,, real government spending, g,, and real net
exports, nx,. Real private domestic absorption, equation (8), depends
positively on real disposable income, ytd, and negatively on the ex ante
real interest rate, R,*. Real disposable income, ytd, is given by equation
(9), as real income less taxes, t,, (where taxes are lump sum), Plus real
interest earnings and the repayment of bonds bought by the private sector
last period (where these two terms are by definition the gross real
interest earnings on private holdings of bonds, rt_1bpt'1).“ Real net
exports, real exports minus real imports, are given by equation (10).
They are positively related to country 2's private and government

purchases of country 1l’'s goods, and negatively related to country l's

% The term r.l't.'bP‘ ¢-1 1s derived as follows:
c c c
e (m':-l) + I,,b%., (pl_:-l) - (1+I,,)bf .y (.Elp.i:_'l]
ot

Py,e Lt
- (_%t_l__) BPe.s

147y, e

= Iy,¢e1 bf..

b".I -1 denotes private bond holdings deflated by period t-1 consumer
prices. Thus, to determine the real time t value of period t-1's bond
purchases, it is necessary to multiply this term by the ratio of period t-
1 to period t'’s consumer prices. The third step follows from the defini-
tion of inflation as given by equation (3).
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private and government purchases of country 2's goods. As neither the
private marginal propensity to consume, €, nor the government’s marginal

propensity to consume, €_,, is a function of relative prices, the parameter

g’
N is added to capture the price substitution effect. Therefore, an
increase in the relative price of country 1’s goods will, ceteris paribus,
decrease real net exports, while conversely, an increase in the relative
price of country 2’s goods will increase real net exports. The government
budget constraint is given by equation (11). Real government spending, g,,
is constrained by the real interest payments and repayments of last
period’'s bonds (as noted above, these two combined give by definition the
gross real interest payments on bonds, rt_1bt_1),15 less tax revenues, t.,
and new bond issues, b,. In each period the government can choose, at
most, two of the three contemporaneous variables: government spending,
taxes, and/or bond issues. The creation of an independent central bank
removes the ability of the government to finance a deficit-through money
creation. Equations (12) and (13) describe the asset markets. Demand
for real balances, equation (12), depends positively on real disposable
income, via the transactions motive, and negatively on the nominal
interest rate. Thus, an increase in the interest rate on government bonds
will decrease the demand for money. As noted above, since the bonds
issued by each country are perfect substitutes, there is only one nominal

interest rate. The savings function is given by equation (13). All

saving is through bond holdings and real private bond demand is determined

5 For the derivation of the term ¥y ¢-1Py -1 S€EE footnote 14.
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by the difference between real disposable income and real private domestic
absorpt:lon.16
Country 2's Economy:

Given the symmetry between the two countries, the equations
modelling country 2’'s economy, which are given in Table III, are basically
the same as those for country 1. It is important to remember, however,
that the variables for country 2’s economy are deflated by its own
consumer price index. Thus, to compare variables across the two countries
one must use equation (6) to transform country 2's variables into
variables deflated by country 1’s consumer price index, and equation (19)
to transform country 1l’s variables into variables deflated by country 2’'s
consumer price index. Given this caveat, there are only two differences
between the models of the two economies. First, in equation (18), which
determines domestic price inflation in country 2, the natural level of
output is divided by p. This is necessary because § is measured in units

of country 1'’s consumer price index and thus must be converted into units

16 Equation (13) can also be used to derive the balance of payments
equation. Substituting equations (8) and (9) into equation (13) yields:

P p
bije= 8,6+ Gy,e + DX, ¢+ I eqbijes1 — Ey,e = 8y,
- - p
(91, = C1,¢) + 0X, ¢ + Iy ¢ 1Dy e

Using equation (11) to substitute out for government spending net of taxes
and rearranging, yields:

(b, - by,.) - I,y (bfey - by y) = nx,

Now, replacing the bond variables with the individual components of bond
demand, equations (28), results in the balance of payments equation:

by, ¢+byy, Be=byy, e~ Dya, e~ Dia, e
= Iy, e (Byy, e134Psy, e-1Be-1-D11, e-1-D12, -1 D1, e-1) = BXy, e

by, Pe=Dyz,c=Dim,e = NXy, e+ Xy, ¢1(D2y, e-1De-17D12,e-1"D1rm, e-1)
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of country 2's prices, through the division by p. The second difference
is that in country 2's net export equation, n enters with a negative sign.
This again points out the symmetry between the two countries, as an
increase in country 2’'s relative prices will decrease net exports for
country 2 while increasing net exports for country 1.
Market Equilibrium Conditions:

The conditions for equilibrium in the bond, money, and goods markets
are presented in Table IV. The bonds issued by the government of
country i (i=1,2) are held by three groups of agents: the public in
country i, the public in country j, and the central bank. Equation (28)
shows the equality between the supply of bonds issued by country 1, and
the demand for these bonds, broken down by type of demander. Equation
(29) presents the same information for country 2. Equation (30) is the
world bond market equilibrium condition. It states that the world demand
for bonds is equal to the supply of bonds by the governments of country 1
and country 2.

The actual holdings by the residents in the two countries of the
bonds issued by each government, is impossible to determine. This follows
from the bonds being perfect substitutes and from the assumption of
perfect capital mobility. Only by placing restrictions on the preferences
of the individual bondholders (e.g. bondholders prefer to hold x% of their

portfolio in their home country’s bonds) can exact holdings be
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determined.'” The central bank’s holding of each bond is determined
through the money market restrictions, as explained below.

Equation (31) gives the money market clearing condition, stating
that the supply of real balances by the central bank is equal to the
combined demand of the two countries. The supply of real balances is
determined by the central bank’s purchases of each government'’s bonds, as
given by equation (32). The next two equations, (33) and (34), determine
the central bank’s holdings of each country’s bond. For simplicity, it is
assumed that the central bank buys half of its bonds from country 1 and

half from country 2.8

These four equations indicate that while the
initial distribution of real balances between the countries is determined
by the central bank, the ultimate distribution is determined by demand
conditions in each country. Equation (35) presents the dynamic of the
money supply. Since both countries issue only one period bonds, the
increase in real balances in each period is determined by the difference
between new bond purchases and the gross return on old bonds. The
exclusion of the interest earnings on bonds from this equation is due to
the assumption, noted above, that the central bank consumes these
earnings.

Equation (36) gives the goods market clearing condition for either

country. Real disposable income 1less domestic absorption and the

7 Such restrictions would change the magnitude of the interest rate
effects due to an increase in bond issues by the governments.
Furthermore, the magnitude of such effects could differ depending on which
government issued the bonds if the residents of both countries prefer one
countries bonds over the other. This in turn could change the fiscal
policy effects derived in this model. Thus, an interesting extension of
this paper would be to look at what happens if individuals do have strong
preferences for their home country’s bonds.

8 Relaxing this assumption will not affect the model.
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Table III: Equations Underlying Country 2's Economy

Supply:
Y, -
(14) DP3,e"Pa,e-1 _ o z.c_ﬁ: + Ee1P2,e7Pa e >0
P;,e-1 e Pz, e-1 ’
B,
(15) pe = YP,c *+ (1-Y)D; . » % <y<1
c_,.c
(16) =®,,,= £=-_=_c£=ﬂ
) & W

Demand:
(17) Rfe= I, - ng.

(188) Rz,: - It = ﬂg‘t (leb) r2,t - ‘it- 32 t

.

c
Pi,e

(19) -1 = B
t Pa,c

(20)  y;,c =@+ 9, + DX, .

(21)  a,, = cvale - R,

™

<c<1, o0<é¢<«1

(22)  yjl, - Va,e * Iaea Pher - &5,

(23) nx, .- cax,z'ﬁ + eggl,tpét - €d;. - €,9;,c - M (%‘f‘%:')
0ce< 2, e;ce 120

(24) g0 = &3¢ = I3,e1bz,e0 * bye

(25) m,, - Ay, - 04, 0<As1, 0<6¢1

(26) bP. =y, - a,.
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Table IV: Equilibrium Conditions'®

Bond Market:
(28) by . = by, *+ byz,¢ + bip,e
(29) b,,¢ = by, e * baz,e *+ Dom,e

(30) b,=b, .+ b,,.D,

Money Market:

(31) m, - mlft + m2‘.’t D,
(32) m, = b, + by B, = by,
(33) by = 2 m = 2 by,
(34) b, - %m:‘pét - %b"""pét
(35) m,-m,, = b,, - b, .,
= (Bipe = Bumea) *+ (Dome -;;—: - By cn -5}_—1)
Goods Market:
(36)  yile-a;.-d;, = ca, i=-1,2

19 All world variables are deflated by country 1’s price index.

This

is done for simplicity.

It is also possible to use the world consumer

price index (a weighted average of the two consumer price indices) to

deflate world variables.
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government deficit in each country must be equal to its real current
account balance.
Assumptions:

In accordance with the idea that the countries have different
preferences for goods produced in each country, it is assumed that y >
1/2. This indicates that the residents of each country prefer their own
goods to foreign goods. The marginal propensity to consume domestic goods
out of disposable income, c, is assumed to be greater than 1/2, and the
marginal propensity to consume imported goods, €, is restricted to be less
than 1/2.2° These two assumptions correspond to the preference for home
goods over foreign goods in each country. Furthermore, the government’s
marginal propensity to import, €, is constrained to be not greater than

the private marginal propensity to import, €.

A" egate Supply and Aggregate Demand
Using equations (1)-(3) and (14)-(16) one can derive the aggregate
supply equation for country 1:2

Y2
a(Y,Ys - Ya¥,

(37) y,c- }7[1 + ) (K2 -1 = Ry, ey) ]

<

Ya .
(R ey - By ooy)
[a Ya¥s - Y210 1,¢-1 1.¢-1 ]

2 This restriction follows from the condition that: 1 = mpc+mpm+mps.

21 This restriction is made since in practice a large portion of
government spending goes towards the salaries of government workers, and
governments generally do not have a weaker preference for domestically
produced goods over foreign goods than do their citizens.

2 gee Appendix A for the derivation.
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where:

YPy,¢-1 (1'Y)Fb,b1
’ Y2 =
YDy, e-r * (1-Y)Dy, ey YDy, e * (1-Y)D3, ¢y

Y =

Using the same set of equations to solve for the aggregate supply

equation for country 2 yields:

Yo
a(Y,Ys - Y2Y,)

(38) y,,. = "'SZ [1 + (R -y = Ry, e-a) ]
t

-y Ya (S, - = )
b, [3(7173 = Ya¥,) 2.6 261
where:
- (1-y) -
Yy - YPz, e Yo - Y)Py,e1

YPz,e-1 * (1-Y)Py, ey YDz, e-1 + (1-Y)Py, ¢y

Each country'’'s aggregate supply is determined by the natural level of
output, the period t-1 to t expected change in the consumer price index
and the period t-1 to t actual change in the consumer price index in both
countries. Prices in country 2 influence supply in country 1 (and vice
versa) through their effect on consumer prices in each country.

Given the restrictions on the weights in the consumer price indices
of the two countries, it is possible to determine the sign of the
coefficients on the inflation terms in each aggregate supply equation.

Since y>1/2, it follows that:

Y1Y3s ~ Ya2Ye >0

An increase in a country'’s own inflation rate, holding inflationary
expectations constant, has a positive effect on output, which implies that
the short-run aggregate supply curve is upward sloping in inflation-output

space. The effects on short-run aggregate supply in country 1 of a change
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in the other variables in the short-run aggregate supply equation are
shown in Table V. An increase in inflation in one country decreases
aggregate supply in the other country. An increase in inflationary
expectations (formulated in period t-1) in one country has a negative
effect on short-run aggregate supply in that country, but a positive
effect on short-run aggregate supply in the other country. Furthermore,
an increase in the natural level of output has a positive, unitary effect

on the actual level of output.

Table V: Aggregate Supply Effects

Increase in L

s e
Increase in 7 1 ¢-1

_Increase in 7y

The process of solving for aggregate demand indicates clearly the
links between the two countries, through the goods, money and bond
markets. The world interest rate is found by solving for equilibrium in
the money market. This in turn provides a direct link between the IM
curves in the two countries. Factors which affect money demand in one
country will have an impact on money demand in the other country.
Likewise, an increase in the money supply equally affects the IM curve in
each country. The interest rate also links the two bond markets. Although
individuals are indifferent between holding bonds 1issued by the
governments of country 1 or country 2, the net bond demand (holdings less

issues) in each country is shown below to have a direct impact on output.
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Goods market linkages occur through trade and these (as shown below) have
a significant impact on aggregate demand in each coum:ry.23
The first step in solving for aggregate demand in each country is
the derivation of own output as an explicit function of output in the
other country, and other exogenous variables.?* The result of this

process for country 1 is given below:

o) e [ e
'l 70 s 1§ [Frer BFes - Brea)
s o . A¢:b1" ' [ (et or 28 vy
* r - (szg)::)}é% ray vy R E
i (1(?(_1:!:)):)02; fq)m‘g*'t L
eI e Bhen - Baea) B
* [ = ?ﬁg);)lzqf; n ;.¢jb2'=ﬁt * [ 1= (1.2;;4;325 35 " P
* {ze T w]bﬂ't

Equation (39) allows one to determine the direct and indirect demand
linkages between the two countries, a process which is lost when one

begins with a reduced form demand equation.

B For simplicity, throughout the remainder of this paper, it is
assumed that 1n=0. The subsequent analysis would be unchanged by a
relaxation of this restriction. Only if there is a large divergence in
prices between the two countries will the substitution effect be important
in altering the results.

% see Appendix A for the derivations.
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The coefficients on the variables in equation (39) show the direct
effects of these variables on aggregate demand in country 1. For example,
real government expenditures in country 2 directly affect country 1, to
the extent that they increase country 1l’s exports, and to the extent that
they increase the world interest rate. The export effect is itself
comprised of two parts: a positive effect due to the increase in spending
on imports by the government in country 2, as measured by € and a
negative effect resulting from a decline in private spending on imports in
country 2 which occurs given that the increase in government spending was
financed by an increase in taxes.?® This latter effect is measured by
€c. Thus the overall direct impact of an increase in government spending
by country 2 on aggregate demand in country 1 is indeterminate.

Given the restrictions on the equations in the model, it is possible
to sign the coefficients on five of the ten variables in equation (39).
Real expenditures by country 1’s government, g, , have a positive direct
effect on aggregate demand in country 1. The direct effect of an increase
in inflationary expectations in either country on aggregate demand in
country 1 is positive. An increase in inflationary expectations in
country 1 causes an increase in its domestic absorption, due to the
decrease in saving (or increase in investment) resulting from the decrease
in the real interest rate. An increase in inflationary expectations in
country 2 causes an increase in country 1’s exports due to the increase in
consumption by the residents of country 2. An increase in the bond

holdings of the central bank, b, also has a positive direct effect on

%  since the government’s budget constraint given in equation (11)
must be met, an increase in g,, holding b,, constant implies that taxes, t,,
are increased.
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aggregate demand in country 1. This last term indicates that an increase
in real balances in the world economy, will directly increase aggregate
demand by shifting out the IM curve. As mentioned above, the initial
impact is the same in both countries.

The term Yae in equation (39) captures the indirect effects of the
variables on output in country 1. A change in any of the exogenous or
predetermined variables in equation (39) not only has a direct effect on
output in country 1 through the linkages between the goods, money and bond
markets in the two countries but also has an indirect effect due to the
impact of the change on output in country 2. Returning to the example of
an increase in government spending by the government of country 2, this
not only directly affects country 1, as explained above, but also affects
country 1 through its impact on demand in country 2. An increase in
spending by the government in country 2 will increase income in country 2
and this in turn will have spillover effects on country 1. Thus, there
are two channels of influence: a direct one through the initial effects on
the markets and an indirect one through the impact on one’s own output
which in turn works through the market linkages to affect each country.
Note that this is true for both changes in the other country and changes
in one’s own country. An increase in spending by the government of
country 1 directly increases output in country 1, and also has a spillover
effect on output in country 2, which in turn feeds back into aggregate
demand in country 1.

It is important to note that, given the restrictions imposed so far,
the sign of the coefficient on y,, in equation (39) is indeterminate. Thus
the overall impact of these feedback effects on demand in country 1 is

unknown.
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Solving for output in country 2 as an explicit function of output in
country 1, and substituting the resultant equation into equation (39), is
the final step in the solution for aggregate demand for country 1. The
aggregate demand equation for country 1 which results from this procedure
is:

(40)  yy,e= A, Gy, * A by, + A K+ A, G, B + A5 b, B, + Ag 13, D,
+ 2, by e+ Ay Iy oy (bfey - by .y)

P
+ Ay Iy ey (bByleey - by e y)Bey + Ajp Ty, e1bm, en

Likewise, the final form of the aggregate demand equation for

country 2 is:

(41) y,.=A, G, +A, b, +A ")+ A, G, (;}-) + Ay by, (;;—)
R ¢

+ Ag . (ﬁi:) +A b, , (751:) + Ay Iy g (BF ey - by py)

1 1
+ A I, 0y (bfey - b1,:-1)(ﬁ 1) + A1 Iy, ¢ 1Dp, ey (pT)
t- ¢

where the coefficients A; - A,, are given in Table VI. The coefficients
on the own and foreign variables in each country are the same.

Using equations (5) and (18), and combining the predetermined bond
variables into one term, the aggregate demand equations (40) and (41) can

then be rewritten as follows:

(42) ¥y, = A, G1,c* A, by, + A R+ A Gy D+ As by B, + A %7, D,
+ 2, b, + 1,,Y, - %y Y,
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(43) y3,. -2, 9, +A b, +A %+ A G, (pi) + A, by, (31')
t 3

1
+ A w, ("}5—:) + A b, , ('g:) + 1,.,Y; - =, .Y,

where:
Y, - Ay (b 1-b Jee) A (bzt.)c-x"bz,c-z)pc-x + Ajoby, -1

Yz - Aa(bzfc-l‘bz,c-l) + As (bl’;c-l"bl,t-l) ( L ) + Alobu t-l( 1 )
j S ’ Bey

The slope of country 1l's aggregate demand curve is -1/Y,, and the
slope of country 2's aggregate demand curve is given by -1/Y,. Thus, in
order for the aggregate demand curve in each country to be downward
sloping“, Y; must be >0. It is not sufficient (nor necessary) that Ag,

A9 and Ay all be positive, since the terms:

(b}:bl = by,¢y) i-1,2

can be positive, negative, or zero. If this term is positive then country
i was a net lender last period, and thus it had a current account surplus.
If this term is negative country i was a net debtor last period, and thus
it had a current account deficit. If this term is zero, it was neither a
net borrower nor a net lender and thus its current account was in balance.

Table VII lists the nine possible cases to consider in analyzing the

sign of Y1, and the restrictions which each case imposes on the real bond

% 1t is not necessary for stability that the aggregate demand curve
be downward sloping. If both the aggregate demand curve and the aggregate
supply curves are upward sloping, stability requires that the aggregate
demand curve be steeper than the aggregate supply curve. Note, however,
that one would expect the aggregate demand curve to be downward sloping
since both the wealth effect through bonds and the income effect through
money indicate that an decrease in inflation raises output.
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Table VI: Coefficients in the Aggregate Demand Equation

- - —_— >
A1 1-c+2ce 0

A - 20c(c-1+e-2ce) + Ad(1-2c+4ce)
2(1-c+2ce) (c6-6-1¢4)

A - 200 (c-1+e-2ce) +10? (2¢-1)

2(1-c+2ce) (B-0-4¢) °

e
A, = —92 >0
4 1-c+2ce

Ad-2ced

As = F(i=cezce) (B0-3) < °

A - ¢ (Ad-2erd-2€0)
2(1-c+2ce) (c6-6-1¢)

A, - 200 (c-1+e-2ce) +c(2erd-1¢)

2(1-c+2ce) (c0-6-1¢) °

A - c(dr-2edAr-2€0)
2(1-c+2ce) (c6-6-1¢)

A
A - _B'_L—z( ~co+ag) O °
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Table VII: Restrictions on Bond Holdings

Possible Cases

b;’; t-1 ‘bx, t-1
bl‘: e-1 'bx, e-.1
bl‘.’ e-1-by, e
bl‘., t-1 'bx. t-1
bx‘? t-1‘bx, t-1

bx‘: e-z'b1, t-1

P
bl. t-l'b1, t-1
p
b,, c-1'b1, t-1
bl‘,‘t-l"bn t-1

>

>

0

o

(bF t-1-b;,¢-y) Be-y
(bPe-1-by, 1) Bey
(b e-1-by, 1) Bey
(bf e-1-b; ¢-1) Doy
(b e-1-by o)) By
(b e-1-by, 1) Bey

(bze :-1‘bz, c-1)15t—1
(b{f t-1 'bz, t-1 ) 5:-1
(b{ r—x'bz, t-1 ) 5:-1

Restrictions
by 1 €0

b,

=, t-

b21.t-1ﬁt-1 > b12,c-1
b21,t-1ﬁt-1 < b12,t-1

b21, t-1ﬁt-1 < b12, t-1

L <0

1 1
'—b-,t-z < b21,:-115:-1‘b12,c-1 < 2

2
b-. t-1 <o

b

m, t-1

-0

by, e-1Pe-1 > byg, e

b

mn, t-1
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holdings.27 Four of the cases can be eliminated because they imply that
real bond holdings by the central bank are non-positive, indicating a non-
positive real money supply. The remaining cases all impose restrictions
on the relative sizes of the "cross-border" bonds, that is bonds issued by
country 2's government which are held by the residents of country 1 (b,,),
and bonds issued by country 1's government which are held by the residents
of country 2 (b12). When country 1 is not a net borrower, the amount of
country 2's bonds held by the residents of country 1 must be greater than
the amount of country 1l’s bonds held by the residents of country 2.
Likewise when country 2 is not a net borrower, the amount of country 1l's
bonds held by the residents of country 2 must be greater than the amount
of country 2's bonds held by the residents of country 1. The only case

left to consider occurs when both countries are net borrowers.?® 1In this

27 The analysis for this is the same for determining the slope of
country 2's aggregate demand curve, the only difference being that the
variables are measured in terms of country 2's price index. See Appendix
B for the derivation of the restrictions presented in Table VII.

8 The ability of both of the countries in a two country world to be
net borrowers arises because of the presence of the common independent
central bank. In this system the sum of the balance of payment accounts
of two countries does not equal zero, but instead equals the central
bank’s holdings of bonds less its real interest earnings from last
period’s holdings of bonds. This can be shown as follows:

bop,,, + bop,,, = nx; p + Iy ¢4 by e3¢, 1-D12,¢-1"Dim, e-1)
+ by3, 4Dy, e=bzy, B + DX, 5,

1 1
+ I, c-x(bn,tq Bor =b;y,e-1-Dap, c-z'Is—t_l‘) Bey

+ Dyy, BetDom,e=D1a, e
= by t*bsp,e = Iy, ¢-1(D1n e-1*D2m, e-1)

= b, ¢ = Iy, ¢-1Dp,e1
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instance the difference between the cross border bond holdings of country
1 and country 2 is restricted to be between -(1/2)bm and +(1/2)b..

These cases have broader implications beyond determining the slope
of the aggregate demand curve. They imply that both countries can not be
net lenders, but both can be net borrowers. Given the link between this
status and the fiscal policy stance of the governments, this result
indicates that the framers of the European monetary union may indeed have
more reason to be concerned with the size of fiscal deficits rather than
surpluses. Furthermore, given that both countries abilities to be net
borrowers is constrained by the willingness of the central bank to lend to
them, it is likely that the pursuit of expansionary fiscal policies by
both governments will come into conflict with the objectives of the
central bank.

Another implication of these cases is that the ability of one
country alone to be a net borrower is constrained by the willingness of
the residents of the foreign country to be lenders. This indicates that
even if the central bank is unwilling to finance the expansionary policies
of a country, it can still pursue these policies as long as the residents
of the other country are willing to lend to it. That is, given the lack
of capital controls between the two countries, as long as the residents of
one country are willing to finance the deficit spending of the other,
neither the central bank nor the other government will be able to prevent
or constrain the expansionary policies of one government. The central
bank will still be able to constrain one government to the extent that it
is willing to use restrictive monetary policies which will affect both
countries. There are several issues to consider in this regard. The

first is the relative impact of restrictive monetary polices on both
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countries, versus the impact of the expansionary fiscal policies on both
countries. The second is the relative impact of the two policies on the
country pursuing expansionary fiscal policies. A third issue is the
willingness of the "errant" country to challenge the central bank and to
engender the disdain of its neighbors. All of these factors are likely to
be significant in determining policy outcomes. The first two issues are
considered further below.??

Returning to the issue of determining the conditions needed to
ensure that aggregate demand is downward sloping, rewrite Y, as follows:

(44) Y, = A;(by,y, ¢ 14Dy, ¢ 1Be-y1-byy, e-1-Dy2, ¢-1-Dim, ¢-1)
+ Ay (by;, ¢1Be-1+Dy3,¢-1-D3y, ¢-1Be-1- D23, e-1Be-1-Dap, e-1) *+ A1oPp, -1

Canceling terms and making use of equations (33) and (34), equation (44)

can be rewritten:

. 1
(45) Y, = Ag(byy, ¢ yBey=by,, t-x'?bn. e-1)

1
+ A (bn,c-1‘b21,c-xp'rq'?bm, t-1) + Ajobg, ey

Based on the restrictions on the bond terms, as given by Table VII, and
noting from Table VI that A; and A,, are both positive, sufficient

conditions for Y, to be positive are:

(46) A, -3 >0 (47) A, - A3 > 0

2% Another issue which is outside the realm of this model is whether
such expansionary policies will cause the residents of the two countries
to view the bonds of the government in question as risky, and require a
risk premium, which will drive a wedge between interest rates on the
bonds. Such a premium depends on the belief that the government in
question is likely to default on its debt.



42
A sufficient condition, in turn, to ensure that the inequalities (46) and
(47) are indeed satisfied is that:
(48) A > 2¢O

This condition will be met if the interest sensitivity of domestic
absorption is large and the interest sensitivity of money demand is small.
This same condition is sufficient to ensure that the aggregate demand
curve in country 2 is also downward sloping.3® This condition is also
useful in determining the signs of some of the coefficients on the
aggregate demand variables, given in Table VI. These coefficients
indicate the overall effect of changes in the policy and exogenous
variables on aggregate demand in each country.

The direct, feedback and overall effects of an increase in the
variables in the aggregate demand equation for country 1 are given in
Table VIII.3! The direct effects correspond to the effects captured in
equation (39) which were analyzed above. The feedback effects correspond
to the change in aggregate demand in country 1 resulting from a change in
output in country 2. In the case of country 1l’s own variables these
feedback effects result from the spillover effects on country 2's
aggregate demand. Thus, for instance, an increase in real expenditures by
country 1's government directly increases aggregate demand in country 1,
as shown in Figure 1. The increase in government expenditures has a

spillover effect on country 2, increasing its aggregate demand, through an

30 Note also that this condition is sufficient for determining that
the sign of the coefficient on y, in equation (39) is negative. This
implies that the feedback effect on aggregate demand in country 1 from an
increase in country 2's output is negative. See the earlier discussion of
this point in the text.

3 1In determining these effects it was assumed that inequality (48)
was satisfied. The results for country 2 are analogous.
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Effect of an Increase in Government Spending
by Country 1 on Demand in Country 1 and Country 2
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increase in exports by country 2 to country 1. This increase in aggregate
demand in country 2 pushes up the world interest rate (as did the increase
in country 1) which has a crowding out effect, and thus aggregate demand
in country 1 decreases. Although this feedback effect is negative, it is
not strong enough to offset the initial increase in aggregate demand in
country 1. This increase in country 1’'s aggregate demand and its effect
on interest rates also feeds back into country 2's aggregate demand,
causing a diminishing of the original spillover effect (Figure 1). 1In
both countries, the overall effect of an increase in country 1l's

government expenditures is an increase in aggregate demand.

Table VIII: Aggregate Demand Effects

Direct Feedback Overall
Effect Effect Effect

Increase

Increase

I Increase

Increase

Increase

Increase

Increase

The effect of an increase in the bonds issued by country 1 on its
aggregate demand is indeterminate. If the marginal propensity to import,
€, is small (less than k) then A, will be unambiguously positive, and thus
an increase in bond issues increases aggregate demand. The effect of this
increase on country 2 is clear: demand in country 2 will decline as a

result of an increase in bond issues by country 1.
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The increase in bond issues by country 1 raises the world interest
rate which produces a negative spillover effect in country 2. If
aggregate demand decreases in country 1, this negative spillover effect is
offset slightly, but the overall effect is a decrease in aggregate demand
in country 2 (Figure 2). If aggregate demand in country 1 increases as a
result of the increase in bond issues then the negative spillover effect
in country 2 is strengthened by the feedback effect (Figure 3). In either
case, an increase in bond issues by country 1 has an wunambiguously
negative effect on aggregate demand in country 2.

An increase in the inflationary expectations in country 1 will have
a positive direct effect on its aggregate demand and a positive spillover
effect on aggregate demand in country 2. The subsequent increase in the
world interest rate as a result of these changes will cause aggregate
demand to shift back in both countries (Figure 4). In country 1 the
overall effect will still be positive, but in country 2 it |is
indeterminate. (Two possible outcomes for country 2 are given in Figure
4.) The different possible outcomes in the two countries occur because
the initial demand effect in country 1 was stronger than that in country
2: the spillover effects are weaker than the direct effects.

An increase in the real bond holdings of the central bank increases
aggregate demand in both countries. This comes directly from the increase
in real balances’ shifting out the LM curve. Likewise an increase in last
period’s real bond holdings of the central bank will increase aggregate
demand in both countries this period.

If country 1 was a net lender last period, and the real interest
rate, Ty t-1r is positive, then it receives a net income transfer this

period which increases domestic absorption and thus has a positive effect
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on aggregate demand. If, however, country 1 was a net borrower last
period, and given that the real interest rate is positive, then it has a
net income outflow this period and therefore the effect on aggregate
demand is negative. The effect of country 1’s being a net borrower or
lender last period on country 2's aggregate demand this period is

ambiguous.

Section VI; Equiljbrium Inflation and Output

The equilibrium inflation and output equations for country 1 and
country 2 are given in Tables IX and X. These were derived using the
aggregate demand and supply equations diséussed in Section V.32
Comparative Statics:

In the standard closed economy model an increase in government
spending increases aggregate demand and so has a positive effect on output
and prices. An increase in bonds issued by the government causes a
contraction in aggregate demand by pushing up interest rates and thereby
decreasing investment. Thus output and prices decline. The overall
effect of a bond financed increase in government spending on output and
prices is generally positive; the crowding out of investment which occurs
is not complete. Expansionary monetary policy carried out through open
market purchases increases output and inflation in the closed economy, by
shifting out the IM curve and thus increasing aggregate demand. An
increase in inflationary expectations will also increase output and prices

in the closed economy model.

2 gee Appendix C for these derivations.
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Table IX: Equilibrium Inflation
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Table IX (continued)
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Table IX (continued)
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Table X: Equilibrium Output
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Table X (continued)
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In a model of a large open economy with perfect capital mobility and
fixed exchange rates, both the fiscal and monetary policy actions of a
country also have an effect on the rest of the world. Expansionary fiscal
policy, regardless of how it is financed, has an ambiguous effect on
output and prices abroad. The increased spending at home increases
aggregate demand abroad through trade effects. At the same time, however,
the increase in the world interest rate dampens demand overseas. A bond
financed fiscal expansion will increase the magnitude of the latter
effect. 1In large open economy models it is uncertain as to whether the
trade effect or the interest rate effect dominates. Buiter (1988) states
that if the countries are of similar size, then a fiscal expansion at home
will always have a positive effect on world output and inflation. In the
large country case, a monetary expansion at home has a positive effect on
output and inflation abroad.

As noted previously, standard open economy models focus on the
demand side of the economy. Even where a supply side is modelled, these
models ignore connections between the demand and supply side of economies.
In the model developed in this chapter countries are linked on the demand
side through the goods market and assets market. Thus, policies which
affect aggregate demand in one country lead to spillover effects on demand
in the other country. Because of the market 1linkages, changes in
inflation in one country affect the other country. This link comes
through the supply side of the economies. Thus, a change in inflation in
one country will lead to spillover effects on supply in the other country.

The comparative statics for the model of a monetary union developed
in this chapter are given in Tables XI and XII. The first column in each

table gives the comparative statics which result from focussing only on
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demand effects.3® Tax financed expansionary fiscal policy will increase
output and inflation in both countries. The increase at home will be
larger than the increase abroad. Increases in bond issues will decrease
output and inflation abroad, but may have positive or negative effects on
output and inflation at home. Bond financed fiscal policy will increase
output and inflgtion at home, but will decrease output and inflation
abroad. Expansionary monetary policy will increase output and inflation
in both countries. These results may be weakened or reversed through the
inclusion of supply effects (see column three in Table XI and XII).
Determining the conditions under which supply effects weaken or offset
demand effects requires an analysis of the spillover demand effects and
the magnitude of the supply effects.
Determining the Comparative Statics:

For every exogenous variable in the equilibrium output and inflation
equations (with the exception of the period t-1 expected inflation
variables) there are two separate effects that determine the overall

effect of a change in that variable on output and inflation.3* A change

33 As shown in Section IV, the change in aggregate demand in country
1 resulting from a change in one of its own (policy or expectational)
variables includes both the initial demand effect and the feedback effect
on demand, due to the change in output in country 2. The effect on
country 2's aggregate demand (from a change in one of country 1's
variables) includes both direct spillover effect and the feedback effects,
due to the change in output in country 1. The analysis for equilibrium
output and inflation, in this section, considers only the overall change
in demand, and does not look at the component effects.

3 The analysis concentrates on the effects as given by the
numerators of the coefficients on the variables in the output and
inflation equations. There are a two reasons for this emphasis. First,
given that y>1/2, and Y, and Y, are both positive, then f}; is positive.
Therefore, determining the comparative static effects of a change in one
of the exogenous variables is equivalent to determining the sign of the
numerator of the exogenous variable in question. Also, it 1is the

(continued...)
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in an exogenous variable has a direct effect on aggregate demand. A
change in a country’s aggregate demand changes its inflation rate. ;he
feedback effect captures the subsequent impact of this change in inflation
on aggregate supply in the other country.35 In most cases the aggregate
supply effects reinforce the inflation effects of the change in aggregate
demand, but weaken the output effects.

There are two potential sources for indeterminacy in signing the
comparative static effects. First, as noted in Table VI, the overall
demand effects on a country of changes in bond issues by either country
and changes in inflationary expectations in the other country are
indeterminate, which in turn presents a source of ambiguity in determining
the equilibrium output and inflation effects. Second, as noted above, in
many cases the feedback effects work to offset the effect of a change in
aggregate demand on output. The overall effect depends on the direction
of the changes in aggregate demand and aggregate supply and the magnitudes
of these two changes.

An important determinant of the effects of policies on output and
inflation is the steepness of the slope of a country’s aggregate demand
curve. The flatter the slope of the aggregate demand curve the larger is
the effect of a shift in aggregate supply on output and the smaller is the
effect of a shift in aggregate supply on inflation. The slope of the
aggregate demand curve -(1/Y;), is determined by last period’s current

account balance of a country. If a country was a net debtor last period

3"(...c:om:i.m.;ed)
behavioral parameters in the numerator which are driving the aggregate
demand and supply effects.

35 As shown by equations (37) and (38), an increase in inflation in
country j will decrease aggregate supply in country i.
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Table XI: Output Effects in Country 1

Direct Effect Feedback Total Effect
Effect

Increase in g,, + - +
Increase in b1t + ( ) + +
+

Increase in 1‘1t + + (Ag<0) +
+ - (A6>0) +
Increase in +

Increase in b,, - - (A>0) -
- + (A<0) -

Increase in 7°,, + (Ag>0) - +
- (Ag<0) - -

Increase 1n413mx + - +

| Increase in i, , + - +

e
Increase in LT - -

Incree in ’rQZt-1 ]

Feedback

Increase in

Increase in

Increase in

Increase in g,,

| Increase in bZt

Increase in ﬂ‘Zt

Increase in'Hm

Increase in 1

t-1

Increase in w°,, .
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(having a current account deficit) its aggregate demand curve will be
relatively steep. If a country was a net creditor last period (having a
current account surplus) its aggregate demand curve will be relatively
flat. An increase in inflation reduces the real interest earnings on
private holdings of bonds, thereby reducing disposable income (equations
9 and 22). An increase in inflation also reduces the government'’s real
interest payments on bonds, thereby reducing the government deficit
(equations 11 and 24). Since the aggregate demand curve for a country is
downward sloping regardless of whether it is a net creditor or a net
debtor, an increase in inflation produces a net negative effect on output
(the output effect of the inflation benefit to the government can not
fully offset the output effect of the inflation cost to the private
sector). As expected, a net creditor nation is hurt more by inflation
than a net debtor nation, which is reflected in the flatter aggregate
demand curve for a net creditor and the steeper aggregate demand curve for
a net debtor.

The importance of the slopes of the aggregate demand curves for
determining the comparative statics can be illustrated by examining the
three types of policy effects which are present in the model: 1)
expansionary policies which have positive effects on aggregate demand in
both countries; 2) expansionary policies which have positive effects on
aggregate demand at home, but negative spillover effects on aggregate
demand; and, 3) expansionary policies which have negative effects on
aggregate demand in both countries.

Policies which fall into the first category lead to an increase in
inflation abroad which causes a decline in aggregate supply at home. The

supply effect strengthens the positive own demand effect on inflation but
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weakens the demand effect on output. As shown in Figure 5, if a country
is a net creditor the supply effect is less likely to offset the demand
effect on output. Whereas, if a country is a net debtor the supply effect
is more likely to offset the demand effect on output. This follows from
the fact that inflation is less harmful (in output terms) to a net debtor
than to a net creditor.

Policies which fall into the second category lead to a reduction in
inflation abroad (due to negative demand spillovers) which causes an
increase in aggregate supply at home. Since the home demand effect is
positive, the supply effect strengthens the demand effect on output but
weakens the demand effect on inflation. 1In this case, as shown in Figure
6, a net creditor country is more likely to experience an overall decrease
in inflation than a net debtor. Also, the output effect is larger for a
net creditor than for a net debtor. This result follows from the greater
benefit of a decline in inflation to a net creditor than to a net debtor.

The third category covers policies which lead to a reduction in
inflation abroad which in turn results in an increase in aggregate supply
at home. Since these policies decrease aggregate demand at home, the
positive supply effect further reduces inflation while offsetting some (if
not all) of the reduction in output resulting from the demand effect. Due
to the slope of the aggregate demand curve, a net creditor county is more
likely to experience an increase in output than a net debtor country
(Figure 7). As stated above, this is because a decrease in inflation
provides a greater benefit to a net creditor country than to a net debtor
country.

Policies pursued by one country will have'differing effects on the

two countries due to differences in the demand effects in the countries
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and due to differences in the past behavior of the two countries. The
more similar the past policies of the two countries, the more sipilar the
current account balances of the two and thus the more similar the slopes
of their aggregate demand curves. If the countries are symmetric36 the
two aggregate demand curves have the same slope. In this case an
expansionary policy pursued by country 1 has the same effect on country 2
as an expansionary policy pursued by country 2 has on country 1. If the
countries are not symmetric this does not hold. For example, if country
1l is a net creditor and country 2 is a net debtor, an expansionary fiscal
policy pursued by country 1 may increase output in country 2, but an
expansionary fiscal policy pursued country 2 may decrease output in
country 1. In general policies which increase aggregate demand in both
countries are less likely to have positive output spillovers if the
country pursuing the policies is a net debtor and the other country is a
net creditor.
Policy Effects: Country 1 is a Net Debtor, Country 2 is a Net Creditor™

Since A, is positive a tax financed increase in government spending
in country 1 has a positive effect on its own aggregate demand, and since
A, is positive the increase in spending raises aggregate demand in country
2. This policy fits into category 1, given above. Inflation in country
1 increases which reduces aggregate supply in country 2. Likewise,

inflation in country 2 increases which reduces aggregate supply in country

36 Symmetry arises if b12,t-1 - b21, t-1°

37 The analysis in this section concentrates on the effects of
changes in policies by country 1 on the two countries. The analysis is
the same with respect to changes in country 2’s policy variables. See
appendix D for the derivation of the comparative static results given in
this section.
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1. Therefore, in both countries, the effect on inflation is compounded
but the effect on output is reduced, Figure 8.

Since country 1 is a net debtor the slope of its aggregate demand
curve is relatively steep which acts to limit the effect on output of a
reduction in aggregate supply. Thus, the expansionary fiscal policy
increases inflation and output in country 1. The output effect on country
2 is less 1likely to be positive. Given that A, <A,, aggregate demand
increases less in country 2 than in country 1. Thus, the direct effect on
output is smaller. Also, since country 2 is a net creditor, the slope of
its aggregate demand curve is relatively flat (inflation is more harmful
to country 2 than it is to country 1). The decrease in aggregate supply
exacerbates inflation and so causes a large (relative to country 1)
reduction in output. It is possible that the negative supply effect on
output more than offsets the positive demand effect on output, and output
decreases in country 2. Given that inflation definitely increases,
expansionary fiscal policy undertaken by country 1 can lead to stagflation
in country 2. The greater the asymmetry between the countries, the
greater the differences in the output effects.

To determine the effect of a change in real bond issues by the
government of country 1 on its equilibrium inflation rate and output it is
necessary to consider two possible own aggregate demand effects. As noted
in section V, the sign of the coefficient A, is indeterminate. An increase
in bond issues may increase or decrease own aggregate demand.

If A, is positive then an increase in bond issues by country 1

increases its aggregate demand, as shown in Figure 9. The effect of the
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bond issues on country 2’'s aggregate demand is unambiguously negative.38
The increase in inflation in country 1 causes a decrease in aggregate
supply in country 2, while the decrease in inflation in country 2 causes
an increase in aggregate supply in country 1. This policy fits into
category 2. Thus, for country 1 output increases while inflation may
increase or decrease. The overall effect on output is large relative to
the effect on inflation. For country 2, the supply effect further
decreases output, and acts to reverse (although not completely) the
decline in inflation resulting from the decrease in demand.3? The
decrease in output in country 2 will be large relative to the decrease in
inflation.

If A,<0, then the increase in bonds issued by the government of
country 1, decreases aggregate demand in country 1, as shown in Figure 10.
Since Ag<0, aggregate demand in country 2 also declines. This fits into
category 3. The decline in inflation in country 1, increases aggregate
supply in country 2, while the decline in inflation in country 2 produces
a similar effect on aggregate supply in country 1. The supply effect
strengthens the demand effect on reducing inflation, while working to
offset the decline in output following from a decline in demand. In both
countries inflation decreases. The decrease in aggregate demand is
greater in country 2 than in country 1 (|Ag|>|A,|) which in turn produces

a larger decline in inflation in country 2. Therefore, the increase in

38 This negative demand effect occurs, as explained in section V,
_because the interest rate spillover effect outweighs the income spillover
effect.

39 As shown in Appendix D, the overall effect on inflation in country
2 is clearly negative since |Ag|>|A,| and yp>y,. These two inequalities
ensure that the numerator of the coefficient on b; in country 2's
equilibrium inflation equation is negative.
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aggregate supply is greater in country 1 than in country 2. Given the
differences in the relative magnitudes of the supply and demand effects
(Figure 10), the shift in aggregate supply in country 2 is not strong
enough to offset the demand induced decrease in output. In country 1,
however, it is possible that the supply effect more than fully offsets the
demand effect ana output may increase.

A bond financed fiscal expansion in country 1 (Ab, = Ag,) has a
positive effect on inflation and output in country 1. The effects on
output and inflation in country 2 are indeterminate.

Expansionary monetary policy resulting in an increase in real
balances, holding the overall stock of bond issues fixed,*? has an
identical effect on aggregate demand in the two countries. The increase
in aggregate demand in country 1 increases its inflation rate which causes
a decrease in aggregate supply in country 2. Likewise, the increase in
aggregate demand in country 2 causes a decrease in aggregate supply in
country 1. Thus, the aggregate supply effects further increase inflation
in both countries, but work to offset the demand induced increases in
output in both countries. 1In both countries the overall effect is an
increase in inflation and output. However, the increase in inflation and
output is greater in country 1 than in country 2, as shown in Figure 1l.
This result follows from the fact that country 1 is a net debtor and
country 2 is a net creditor. The slope of the aggregate demand curve in
country 1 is steep relative to that in country 2. Thus, as explained
above, a shift in aggregate supply has a relatively greater effect on

inflation in country 1 and a relatively greater effect on output in

40 1f the overall stock of bonds remains fixed expansionary monetary
policy requires that private bond holdings decrease.
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country 2. Since the supply effect and demand effect both lead to an
increase in inflation, the overall inflation rate is higher in country 1.
Since the change in supply reduces the positive demand effect on output,
the overall change in output is greater in country 1.

Expansionary monetary policy accompanied by a bond financed fiscal
expansion in country 1, but not in country 2, has a positive effect on
output and inflation in country 1, but an indeterminate effect on output

and inflation in country 2.

Policy Effects: Country 1 is a Net Creditor, Country 2 is a Net Debtor
A tax financed increase in government spending in country 1
increases output and inflation in country 1. Since country 1 is a net
creditor the slope of its aggregate demand curve is relatively flat which
acts to limit the effect on inflation of a reduction in aggregate supply,
but increases the effect on output, as shown in Figure 12. Thus, the
output and inflation effects, although positive are smaller éhan in the
case where country 1 is a net debtor. Given that country 2 is a net
debtor the slope of its aggregate demand curve is relatively steep. The
steepness of the slope limits the effect of a reduction in aggregate
supply on output. Thus, expansionary fiscal policy conducted by country
1 has a positive effect on output and inflation in country 2. These
effects are greater than in the case where country 2 is a net creditor.
If A, is positive an increase in real bond issues by the government

of country 1 increases its output while inflation may increase or

41 The implicit assumption in this analysis is that the increase in
the bond supply in country 1 is met by an increase in the central bank’s
demand for country 1’s bonds. In country 2, however, the increased bond
demand by the central bank is met through a reduction in private holdings
of country 2's bonds.
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decrease. The overall effect on output and inflation is smaller than in
the case where country 1 is a net debtor. For country 2, output and
inflation decrease and these declines are larger than in the case where
country 2 is a net debtor.

If A,<O aggregate demand decrease and aggregate supply increases in
both countries, which decreases inflation in both countries. Given that
country 2 is a net debtor and country 1 is a net creditor, the decrease in
inflation has a greater effect on the level of output in country 1. 1In
country 2, the supply effect is not strong enough to overcome the demand
effect and output declines. In country 1, however, it is possible that
the supply effect more than fully offsets the demand effect and output may
increase.

A bond financed fiscal expansion in country 1 has a positive effect
on inflation and output in country 1, but these increases are less than in
the case where country 1 is a net debtor. The effects on output and
inflation in country 2 remain indeterminate.

Expansionary monetary policy results in an increase in inflation and
output in both countries. Although the nature of the effects are the same
as in the case where country 1 is a net debtor and country 2 a net
creditor, the magnitudes are reversed. When country 1 is a net creditor
and country 2 is a net debtor, the increase in inflation and output is
greater in country 2 than in country 1. The slope of the aggregate demand
curve in country 2 is steep relative to that in country 1, as shown in
Figure 13. Thus, a shift in aggregate supply has a relatively greater
effect on inflation in country 2 and a relatively greater effect on output

in country 1.
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Expansionary monetary policy accompanied by a bond financed fiscal
expansion in country 1, but not in country 2, has a positive effect on
output and inflation in country 1. The increases in inflation and output,
however, are smaller than in the case where country 1 is a net debtor.
The effect on output and inflation in country 2 remains indeterminate.

In sum, if a country is a net debtor any expansionary policies which
it enacts or which are undertaken by the central bank have a greater
effect on its inflation rate and level of output than if it is a net
creditor. If a country is a net debtor expansionary policies undertaken
by the other country are more likely to have positive effects on its
output and inflation rate than if it is a net creditor.

These results differ from the standard open economy models due not
only to the inclusion of supply effects, but also the addition of interest
earnings in the aggregate demand equations for the two countries. The
inclusion of supply effects are important because they may work to offset
the effects of a change in demand on output and/or inflation. Therefore,
the supply effects can change the results one would obtain by solely
concentrating on the demand side of economies. The addition of interest
earnings in the aggregate demand equations is the means by which the net
debtor/creditor status of a country affects the model. As shown above,
this status determines the steepness/flatness of the slope of the demand
curve which weakens or strengthen the effects of a shift in aggregate

supply on output and inflation.

Changes in Inflationary Expectations:
An increase in the expected (t to t+l) inflation rate in country 1

has a positive effect on aggregate demand in country 1, but an
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indeterminate effect on aggregate demand in country 2. A, measures this
latter effect. If A>0, then the expected increase in inflation in country
1 has a positive spillover effect on country 2's aggregate demand, as
shown in Figure 14. The increase in inflation in country 1, resulting
from the shift in its aggregate demand curve, has a negative spillover
effect on aggregﬁte supply in country 2. The increase in inflation in
country 2 which occurs as a result of both the aggregate demand and
aggregate supply effects, causes a decline in aggregate supply in country
1, thereby reinforcing the inflation effect in that country, but
diminishing the output effect. The overall effect on country 1l's output
depends on the relative slopes of the aggregate demand curves in the two
countries.“2 If country 1 is a net debtor and country 2 is a net
creditor then the aggregate demand curve in country 2 is relatively flat
and country l’s aggregate demand curve is relatively steep (Figure 14).
In this case output in country 1 will definitely increase, but output in
country 2 may decrease. If, however, country 2 is the net debtor and
country 1 is the net creditor then aggregate demand curve in country 1 is
relatively flat while the aggregate demand curve in country 2 is
relatively steep (Figure 15). Under these conditions output in country 1
still increases, but it is less than in the case where country 1l is a net
debtor. In country 2, the inflation effect is also positive, as is the
effect on output.

If A,<O the increase in inflationary expectations in country 1 has
a negative spillover effect on aggregate demand in country 2. The

resulting decrease in inflation in country 2 causes an increase in

42 since Ap>A,, the condition on the slopes is sufficient to
determine the output effect.
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aggregate supply in country 1. This increase in supply strenghtens the
output efect in country 1, but diminishes (although doesn’t offset) the
inflation effect, as shown in Figure 16. Aggregate supply in country 2
decreases which further decreases output. The overall effect on inflation
is indeterminate.

An increase in inflationary expectations in country 1, in period t-
1, decrease aggregate supply in that country in period t,*3 but increase
aggregate supply in country 2. Thus, output decreases in country 1 but
inflation increases in country 1, while in country 2, output increases and
inflation decreases.

Interest Rate Effects:

The effect of an increase in last periods nominal interest rate is
unambiguously positive for both countries with respect inflation and
output. An increase in last period’s interest rate leads to an increase
in the nominal interest earnings on bonds and thus increases domestic
absorption, which raises aggregate demand, and therefore, increases both

equilibrium output and inflation.

§gction VII: Conclusion

This chapter develops‘a two-country model of a monetary union. In
order to analyze fully the linkages between the countries, the model
specifies structural equations for the goods, money and bond markets in
each country. Interdependencies arise through trade, through the asset
markets, and thréugh the existence of a common currency. The world supply

of bonds is determined by the financing needs of the two governments,

43 The effect on aggregate demand occurred in period t-1.
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while demand is determined by the savings functions of the residents in
each country and the monetary policy of the central bank. The bonds are
perfect substitutes and capital is fully mobile so changes in the supply
of bonds change the world interest rate. The central bank determines the
amount of money in the world, but the demand within each country
determines the distribution of money. This Qodel also includes a supply
side for each economy based on an expectations augmented Phillips curve.

Using this model it is possible to trace the shifts in both
aggregate demand and aggregate supply resulting from a change in the
following exogenous variables: government spending by each country, bond
issues by each country, inflation expectations in each country, and bond
holdings of the central bank. The change in an exogenous variable in one
country directly affects domestic absorption in that country which leads
to a shift in aggregate demand. Due to the trade and financial linkages
between the two countries, a change in an exogenous variable in one
country has a spillover effect on the other country, producing a shift in
aggregate demand. The changes in aggregate demand in each country are
accompanied by changes in the world interest rate which lead to a negative
feedback effect on aggregate demand in each country.

The feedback effects, therefore, shift aggregate demand in the
opposite direction to the initial effects. With respect to government
spending (either at home or abroad), inflationary expectations at home,
and the bond holdings of the central bank, the initial demand effects are
weakened but not overcome by the feedback demand effects. With respect to
bond issues (either at home or abroad) and inflationary expectations
abroad, the overall direction of the shift in aggregate demand 1is

indeterminate. An advantage of this model over the reduced form aggregate
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demand models, more typical in the literature, is that one can see where
indeterminacies arise in signing the effects of changes in the exogenous
variables on aggregate demand.

Because prices are not fixed in this model, and because consumer
prices in each country depend on domestic prices in both countries,
changes in inflation in one country result in a shift in aggregate supply
in the other country. This feedback effect on aggregate supply is absent
from most open economy macro-models, particularly those analyzing policy
coordination, because they typically assume that output is demand
determined.

The overall effect of a change an exogenous variable on output and
inflation depends on the direction and magnitude of the shift in aggregate
supply and aggregate demand. Indeterminacies in signing some of the
comparative statics arise as a result of an indeterminacy in signing the
effect on aggregate demand and/or as a result of a change in aggregate
supply which works to offset the demand effect on output or inflation.
Neglecting the aggregate supply effects can provide misleading results.

Standard open economy models also tend to eliminate interest
earnings from the aggregate demand specification. In the model developed
in this chapter, the inclusion of interest earnings on bonds in both the
domestic absorption equation and the government budget constraint
introduces the net debtor/creditor status of a country into the aggregate
demand curve. This makes past policies a determinant of the effects of
current policies pursued by either country on both output and inflation.
A net debtor country is less adversely affected by inflation than a net
creditor. Because of this difference, the aggregate demand curve for a

net creditor country is relatively flat and the aggregate demand curve for
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a net debtor country is relatively steep. The slope of the aggregate
demand curve influences the effects of shifts in aggregate supply on
inflation and output. In general a net debtor is more 1likely to
experience an increase in output following expansionary policies
undertaken by either country’s fiscal authority or by the mohetary
authority. A net; debtor is also more likely to have a sharper increase in
inflation than a net creditor as a result of such policies.

Specifically, a fiscal expansion (either tax or bond financed) in
one country increases output and inflation in that country. The effect on
the other country is ambiguous. If the expansionary country was a net
debtor last period while the other country was a net creditor last period
then it is more likely that the expansionary fiscal policies pursued by
the one country cause stagflation in the other country. Expansionary
monetary policies have a positive effect on output and inflation in both
countries, but with greater effects on the net debtor. An increase in
inflationary expectations in one country increases output and inflation in
that country, but has an ambiguous effect on output and inflation abroad.

These results suggest that asymmetries in past policies, reflected
in asymmetries in the current account balances of i:ountries, and the
continuation of asymmetric fiscal policies can be a source of friction
among the countries in a monetary union. Looking at the countries that
will comprise the E\;ropean Monetary Union, it is clear that such
asymmetries do exist. In the 1980s France, Italy and Greece had
persistent current account deficits, while the Federal Republic of
Germany, the Netherlands, Belgium and Luxembourg had persistent current
account surpluses. The United Kingdom started the decade with a current

account surplus (due to its oil exports), but since 1986 it has run
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current account deficits. In 1989 the current account deficit of the
United Kingdom was equal to 4.1 percent of its GDP, while the current
account surplus of the Federal Republic of Germany was equal to 4.4
percent of its GDP.

There is evidence that the creation of the European Monetary Union
will increase these asymmetries. Artis and Bayoumi (1991) found that the
increase in capital integration in the world economy in the 1980s
corresponded with growing capital account imbalances. -An increase in
capital mobility reduces the external constraints on borrowing. Thus, the
European Monetary Union, which is to be characterized by full capital
mobility, is 1likely to increase the level and persistence of current
account imbalances among its member countries. Differences in preferences
for consumption versus saving among countries are more easily maintained
when countries only need to concern themselves with a solvency constraint
and not an external constraint.

Given the existence of asymmetries, there is the potential for
conflict to arise within a monetary union over the fiscal policies pursued
by the member countries of a monetary union Thus, this chapter lends
support to the argument that fiscal policy convergence should be addressed

before the creation of a monetary union in Europe.



CHAPTER 2: A GAME THEORETIC ANALYSIS OF THE EUROPEAN MONETARY UNION

Section I: Introduction

The European Monetary Union (EMU) is to consist of an independent
supranational central bank which will design and implement monetary policy
for the European Community (EC) and, twelve member countries which will
maintain their national control over fiscal policies. Policies adopted by
the fiscal authorities and set by the monetary authority will affect
output and inflation in all countries within the monetary wunion.
Furthermore, the interaction of these policies will determine their
overall effect on output and inflation in each member country.

This chapter examines the strategic interaction among the national
governments and the central bank in the model of a monetary union
developed in chapter 1. Strategic interaction among policymakers has
previously been analyzed in a game theoretic setting, to determine the
possible gains from policy coordination. The structure of the game
developed in this chapter draws on this previous literature in the
formulation of the objective functions of the policymakers. The fiscal
policy authorities attempt to minimize fluctuations in their countries’
consumer prices while at the same time meeting an output target. The
countries are not altruistic, they are concerned only with their own
output level and inflation rate. The central bank is concerned solely
with minimizing price fluctuations in the monetary union. It looks only
at the overall inflation rate and is not concerned with the distribution
of inflation across the two countries.

The interaction among the three policy authorities, given their

different policy objectives, is considered within the framework of a non-
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cooperative game. The analysis is based solely on single shot games where
the policy decisions by the three players are taken at the start of the
game and can not be revised. - The results therefore can be seen as
relevant to the impact effects of policy decisions within a monetary
union.

This paper differs from previous analyses of the macroeconomic
effects of a monetary union in two ways. First, it explicitly models the
separation of monetary and fiscal policy decisions which is to occur under
the framework established for the European Monetary Union. Other models
either allocate policy decisions to a single European authority, or
maintain all policy decisions at the national level.! Second, there is
no restriction that inflation rates across the member countries in a
monetary union be equalized.

Three types of games are considered: 1) The cooperative game, in
which the preferences of the three policymakers are given equal weight, is
derived as a benchmark. 2) Nash games in which decisions by all three
players are made simultaneously, with each player adopting the best
strategy assuming that other players actions are fixed. 3) Stackelberg
games in which decisions by the players are made sequentially. Two
Stackelberg games are modelled. In the first, the central bank is the
Stackelberg leader, incorporating the reaction functions of the fiscal
policy authorities into its reaction function. The two governments play
a Nash game against each (moving simultaneously), both taking the actions
of the central bank as given. In the second Stackelberg game modelled in

this paper, the two countries act as Stackelberg leaders and the central

1 See section II for a discussion of these papers.
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bank as the Stackelberg follower. In this game, both countries
incorporate the reaction function of the central bank into their own
reaction functions. The countries then play a Nash game against each
other, and finally, the central bank moves taking the actions of the two
governments as given.

Section II of this chapter examines the structure of the European
Monetary Union in terms of the potential for strategic policy
interactions, and discusses previous work on policy games which are used
as a model for the work presented here. Section III develops the
structure of the game which is then used in sections IV-VII to analysis
the cooperative game, the Nash game and the two Stackelberg games. The

final section presents the conclusions.

Section JI: Strategic Interaction in the European Monetary Unjon

The treaty establishing the intention of the European Community to
develop a monetary union was signed by the member countries of the EC, in
Maastricht, the Netherlands, in December 1991. Despite the recent
setbacks to this treaty, the leaders of the member countries have
maintained their support for the creation of a European Monetary Union.
Under the treaty agreement, the most notable feature of the EMU will be
the Européan System of Central Banks (ESCB) which will establish a single
currency and set monetary policy for the monetary union. The structure of
this system is similar to the U.S. Federal Reserve System. The countries
will maintain their national central banks, but all monetary policy powers
will reside with the ruling council of the ESCB. The ruling council will
be comprised of 5-7 full-time directors and the governors of the country

central banks, who are to represent the interests of the Community and not
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their individual countries. The full-time directors will be responsible
for the day-to-day operations of monetary policy. The framers of this
central bank system hope that it will effectively remove the influence of
the national governments over monetary policy. They also hoped to
minimize pressure from the national governments on the central bank by
prohibiting the central bank from monetizing the debt of any or all
countries within the monetary union.

The national governments will maintain control over their fiscal
policies. There are no binding rules for policies once entry into the
monetary union is achieved.? There will be informal discussions of
policies among the member countries, but the treaty does not place
constraints on national fiscal policies for the member countries. 1In
fact, due in part to the insistence of the British government, the treaty
emphasizes national sovereignty.

The monetary policy decisions made by the ESCB will affect output
and inflation in each of the member countries. Likewise, the policy
decisions made by the national fiscal authorities will have spillover
effects on all of the countries.3 For policy to work most effectively the

policy makers need to have similar goals for output and inflation and

2 Countries will have to meet convergence requirements with respect
to inflation, interest rates, government debt and government deficits
before entry is permitted. As established at Maastricht: a country’'s
inflation rate can be no more than 1.5 percentage points above the average
inflation rate for the 3 countries with the lowest rates. Long-term
interest rates on government securities can be no more than 2 percentage
points above the average of the 3 countries with the lowest rates. The
government deficit can be no more than 3 percent of a country’s GDP, and
the government debt can be no more than 60 percent of a country’s GDP. At
present only 3 of the twelve EC members meet both the debt and deficit
requriments.

3 see chapter 1 for a discussion of these effects.



90
similar views with respect to the appropriate mix of policies to achieve
these goals.

The strategic interaction between policymakers has been studied both
in the context of a single country and in an international framework. The
literature on monetary policy games had its origins in the rules versus
discretion controversy: should monetary policy be tied to a rule (e.g. a
fixed growth rate of money) or should policymakers be free to use their
discretion in determining monetary policy? Kydland and Prescott (1977)
and Calvo (1978) argued that discretionary policy is suboptimal, using the
idea of time (dynamic) inconsistency. To be time consistent implies that
given a chance to change policy at some future point in time, policymakers
must have no incentive to do so. If a policy is not time consistent,
rational agents will realize this and act accordingly.

Barro and Gordon (1983a) developed the standard objective function
used in the macroeconomic policy game literature, basing their work on an
example in Kydland and Prescott. The players in the game have preferences
over unemployment (or output) and inflation, which are given by the

following objective function:

V. = —a(U,~-U")? - b(x .~n*)? a,b>0

where U is the unemployment rate, T is the inflation rate and, a * denotes
a target variable. The use of a quadratic form implies that welfare

decreases at an increasing rate as unemployment and inflation depart from
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their target levels.* The ratio a/b represents the tradeoff between
meeting the unemployment versus the inflation target.

Andersen and Schneider (1986) model the strategic interaction
between fiscal and monetary policy in a framework similar to Barro and
Gordon. The two policymakers have preferences over output and inflation,
and dislike deviétions of output or inflation from their desired levels.

The loss functions representing these preferences are given below:
a . b .
V= - (T‘)(y-yf)’ - (—2‘-)(1:-: )2

ap . bn —e®
V= - (T)(y-y.)’ - (7)(1: np)?

where y is the level of output, T is the inflation rate, a * denotes the
target of the policymaker, a/2 is the weight given to meeting the output
target, b/2 is the weight given to meeting the inflation target, and the
subscripts f and m refer to the fiscal and monetary policymakers,
respectively.

In this model, the policymakers may differ in their target rates for
inflation and output, and in the relative weight given to achieving these
targets. The fiscal policymaker is assumed to place more emphasis on
output goals than inflation goals, whereas the monetary policymaker does
the opposite, and the fiscal policymaker has higher target values for
output and inflation than does the monetary policymaker. Output and

inflation are functions of fiscal and monetary policy instruments (f and

4 Barro and Gordon (and most of the literature) assume that x'=0.
A positive target rate for inflation could result from some optimal level
of seigniorage.
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m). Andersen and Schneider examine the interaction between the two policy
makers under cooperation®, Nash behavior and Stackelberg behavior.

The cooperative solution gives a Pareto Optimal outcome, but each
player gains if she can deviate from the agreement while the other player
maintains the agreement. Thus, unless players are bound to the agreement
this outcome will not be sustainable. .

In the Nash equilibrium each policymaker simultaneously chooses the
value of her policy instrument to minimize her own loss function, taking
the action of the other player as given. The Nash equilibrium solution is
Pareto inefficient. Equilibrium output exceeds the target output for the
fiscal policymaker and the equilibrium inflation rate is below the target
rate for the monetary policymaker. The fact that output is always too
high and inflation too low in the Nash equilibrium illustrates the
benefits of coordinated policies. Non-coordination results in fiscal
policy which is too contractionary and monetary policy which is too
expansionary. The Stackelberg solution where the fiscal policymaker acts
as the leader and the monetary policymaker acts as the follower also
results in a Pareto inefficient outcome.

If the monetary authority is only concerned about inflation, then

the Stackelberg equilibrium, where the fiscal authority acts as leader, is

5 The concept of cooperation used in macroeconomic policy games is
different from that used in the game theory bargaining literature. In the
former, the cooperative solution is found by minimizing a weighted average
of the players’' loss functions, where the weights depend on the relative
influence of the players over the centralized policymaker. In the latter,
cooperation requires minimizing a weighted average of the loss functions
subject to the constraint that no player can do worse than the
noncooperative outcome.
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the same as the cooperative equilibrium.® In the Nash equilibrium
solution the central bank meets its inflation target, but the equilibrium
is Pareto inefficient. If each policymaker only has one target than the
Nash equilibrium and the Stackelberg equilibrium are the same as the
cooperative equilibrium: ¥=a" and y=-y".

The model developed and results obtained by Andersen and Schneider
are relevant to the strategic interaction in the European Monetary Union
in that their model is one of the few which examines policy interactions
between fiscal and monetary authorities. Their model, by its focus on a
single country, does not allow one to examine the linkages between
economies and the effect of these linkages on policy interactions. To
gain an insight into this side of the EMU, one must look to the literature
on policy games between countries.

In two country games there is always a single policymaker for each
country, and in general there is only one policy tool (monetary policy)
which is controlled by each policymaker. The purpose of this literature
is to determine if there are gains from policy coordination and what is
the nature of these gains, i.e., what is it about the non-cooperative
equilibrium which leads to inefficiencies?

Much of this literature focusses on problems arising due to floating
exchange rates. McKibbin and Sachs (1988) develop a two country, floating
exchange rate model in which each country attempts to minimize a loss
function which depends on output, consumer price inflation, and the fiscal
deficit. The loss functions are assumed to be identical and the countries

are symmetric. In this model each country has two policy variables: the

6 Anderson and Schneider do not discuss the case in which the
monetary authority acts as Stackelberg leader.
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money supply and the fiscal deficit. An ISIM reduced form model
aetermines output and real balances. Domestic prices are assumed to be
fixed, so that consumer prices depend only upon the exchange rate.

McKibbin and Sachs assume that each country starts at a position of
full employment and a balanced budget, but each is experiencing inflation.
In the Nash game each country hopes to appreciate its currency vis a vis
the other country’s currency, in order to reduce its consumer price
inflation. Thus each country adopts a contractionary monetary policy and
an expansionary fiscal policy. The latter policy is chosen to exploit the
anti-inflationary gains from the appreciation of its currency. The
countries, however, are unable to both have a strong currency, so the
exchange rate is unchanged as is inflation.

Under the cooperative solution each country can maintain its
balanced budget and full employment, but must live with the inflation. In
comparison, the Nash solution results in fiscal deficits which are too
high and output which is too low, without any compensating decrease in
inflation.

McKibbin and Sachs also consider the case in which the exchange rate
between the two countries is fixed and the world money growth rate is set
at a global optimum. Each country retains only its fiscal policy
instrument. In this case, if there are symmetric inflationary shocks then
the Nash equilibrium will be the same as the cooperative equilibrium. The
fixed exchange rate eliminates the possibility of using a fiscal expansion
to appreciate the exchange rate and reduce consumer price inflation. Thus
fiscal policy remains unchanged and under both the Nash and the
cooperative equilibrium, the countries remain at full employment with

balanced budgets, but must accept the inflation. If shocks are
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asymmetric, efficiency requires a change in the exchange rate which
neither solution brings about.

Bean (1985) uses a model similar to McKibbin and Sachs. In this
paper each coungry only has one instrument to achieve its targets. The
result that the Nash equilibrium is inefficient relative to the
cooperative equilibrium is maintained. In the Nash game, given an initial
inflationary shock, each country attempts to use its policy to appreciate
the exchange rate. The exchange rate and inflation is unchanged, but
output falls.

Oudiz (1985) develops a model closely related to the Bean, and
McKibbin and Sachs papers. This paper, however, analyzes not only the
cooperative and Nash solutions, but also the Stackelberg game. In this
game, the equilibrium the policies adopted are less contractionary than in
the Nash game. This result follows from the fact that the leader, knowing
the reaction function of the follower, realizes that there is an incentive
to compete in deflationary policies to the detriment of both countries.

De Grauwe (1990) analyzes fiscal policy interaction in the EMS. 1In
this model, there are two countries each with preferences over output and

the current account balance:

Ly - (Y1-y1.)2 + 61(31‘3;)2

The output level and the current account balance for each country are

determined by the following reduced form equations:

Y= ax, + bxy+ z4
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(12) Bi - 'hixi + ijj + C,Z‘,

where:

x; is the fiscal policy instrument for country i

z; is an exogenous disturbance affecting output in country i

z, is an exogenous disturbance, originating in the rest of the world, which
affects both countries’ current account balance.

De Grauwe assumes that there is a Mundell-Fleming model underlying these
reduced form equations, and that there is limited capital mobility between
the two countries. These two assumption ensure that the reduced form
parameters in equations (11) and (12) are all positive.

The Nash equilibrium solution results in a greater loss (lower level
of wutility) than the cooperative equilibrium, even if there are no
disturbances. Analyzing the case where an exogenous disturbance results
in a deterioration of the current account balance for both countries, de
Grauwe finds that the Nash solution has a deflationary bias. Both
countries react to the disturbance by adopting a contractionary fiscal
policy. In the cooperative outcome, spending is reduced less and utility
is higher than in the Nash game. The Stackelberg game also results in a
lower level of utility than the cooperative solution, but it results in a
better outcome than the Nash game. De Grauwe also finds that in
Stackelberg game, the follower achieves a higher level of utility than the
leader.

If one of the countries only cares about its output target and not

its current account balance, then it will always be able to use its policy

to reach its output target. Thus, de Grauwe concludes, this country will
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have no incentive to cooperate with the other country.? In the
Stackelberg game, if the country with two targets (output and current
account balance) acts as the leader it will have a smaller loss than in
the Nash solution.

The usefulness of the international policy game literature for
understanding the 1likely results of strategic 1interaction among
policymakers in the European Monetary Union 1is 1limited by {its
concentration on single policymakers within each country. It does not
capture the interaction between fiscal and monetary policies, nor does it
shed 1light on any possible results when the goals of these authorities are
different. To fully capture the policy interactions inherent in the EMU
one needs model which incorporates the fiscal and monetary aspects of the
Andersen and Schneider model with the inter-country links present in the
international policy game literature.

There are few papers that analyze the policy interactions in a model
based on the European Monetary Union and none which capture these two
aspects which make a monetary union inherently different from a closed
economy model with independent fiscal and monetary policy makers or an
open economy fixed exchange rate model in which policies enacted by one
country have cross-country effects.

Cohen and Wyplosz (1989), and Alesina and Grilli (1991) are among
the few papers which have developed models to specifically analyze the
potential policy benefits from monetary union. The former paper finds

that policy coordination is not optimally achieved through monetary

7  Actually, given that this country is indifferent between the
cooperative solution and the Nash solution, it should be indifferent to
cooperation. Thus, the cooperative solution should not be ruled out.
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integration, while the latter finds that the benefits of monetary union
depend upon the preferences of the central bank versus the governments,
and the economic similarities of the countries.

Cohen and Wyplosz develop a two country model of a monetary union.
'Each country sets targets for aggregate demand, output, and inflation.
Aggregate demand-is the fiscal policy instrument of the government, and
inflation is the monetary policy instrument of the government. The trade
balance for each country with respect to a third country is related to

output and aggregate demand through the following relationship:

Vt - (QC-A:) (1-25)

where Q is output, A is aggregate demand and, z, is the log of the real

t
exchange rate for the monetary union vis a vis a third country.

Although each country maintains an independent monetary policy,
Cohen and Wyplosz claim, given the existence of a monetary union, each
country will enact an optimal monetary policy and there will be no
difference in inflation rates between the two countries.®

The Nash solution is inefficient because each country neglects the
effect of its fiscal policy actions on the trade balance of the other
country. Since only the inflation rate is set efficiently, each country
remains free to determine its trade balance vis a vis the rest of the
world. Given symmetric shocks, the policies the two countries adopt will

be identical. However, they both fail to realize that the other country

will react identically. Therefore, the trade balance of the monetary

8 The paper does not explain how the countries arrive at an optimal
monetary policy in the absence of coordination.
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union, and so the real exchange rate with respect to the third country, is
not determined efficiently. 1In the presence of asymmetric shocks, the
monetary union is inefficient because it does not allow for differences in
the inflation rates in the two countries.

Alesina and Grilli begin by examining policy decisions under the
assumption that monetary union is characterized by complete economic and
political union. In this case one can think of the members of the
monetary union comprising a single country. The European Central Bank
sets monetary policy (chooses the inflation rate) in order to minimize its
loss function which depends upon the European inflation rate, ¥, and the

deviation of European output, x., from its target level:

E’
Ly = 1E[v% + b(xg-35) 7
Output is determined by an expectations augmented Phillips curve

relationship:

Xg = (R -%3)+ e, e~(0,0?)
The natural level of output is assumed to be zero, and the target level of
output is assumed to be above the natural rate.

The structure of the game is the same as that developed in Barro and
Gordon (1983a). The public sets expectations for inflation. Given these
expectations, if the central bank has an incentive to increase output
through surprise inflation, it will do so. The public, however, having
rational expectations anticipates this action. Thus the time consistent

policy results in:

ol 1
ﬂx'bx,‘—lTb-C
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1

Xg = 1§b8

which implies, as 1is standard in such models, that in equilibrium
inflation is too high, but there is no gain in output.

Next, Alesina and Grilli examine the case where political
unification is incomplete. The central bank still sets policy, but the
member countries of the monetary union evaluate this policy based on

country specific loss functions:

Li-1E([n%+ bly,-¥))?

where the output for country i is determined as follows:

Yi= (Rgx2)+ gy, py~(0,00)
There is no difference in inflation rates among the member countries of
the monetary union.
The policy decision for the central bank is unchanged. Thus, the
loss for each member country can be determined by substituting the time
consistent inflation rate into the country specific output and loss

functions:

1 o 1p|lbx- L _éf -—b -7V

Finally, Alesina and Grilli determine the time consistent inflation
policy under the assumption that each country sets its own policies.

This is the pre-monetary union case. In this case,

T L2
x; =By - Tep P4

1
yi = TB:IH
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and so the loss for country i is

1 2
Ly

2
- %E (517;‘ —1'5%;91) + 5:[1_,191&‘1 -¥:

Alesina and Grilli compare the loss function, given equilibrium
output and inflation, for the pre-monetary union case with the 1loss
function for monetary union with incomplete political unification to
determine the gains from monetary union.? If there are no economic
differences between the countries then the gains from a monetary union
depend on the differences between the central bank’'s and the individual
countries’ preferences. If the central bank is more conservative, so that
it places more weight on the inflation target and less weight on the
output target than does country i (b<ﬁi), then the monetary union will
result in a higher level of utility (lower loss) for country i. In the
absence of any differences in preferences, the benefit of the monetary
union will depend on economic differences among the countries. If there
are differences between the variance of output in country i and European
output, the monetary union will result in a lower level of utility for
that country. If output in country i has the same variance as European
output, and there are no difference in preferences, the gain from monetary
- union will depend on the correlation between the shocks to output. The
smaller the correlation the smaller will be the gain from monetary union

to any country i. From the perspective of country i, if the correlation

® In making this comparison the authors assumed that the output
shock, p4;, is the same when the central bank sets monetary policy as it is
when the individual countries set monetary policy. Also, they assumed
that central bank’s output target is the same as each country’s output
target.
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is small, the central bank will always be "over or under stabilizing"
output.

Since there is only one policymaker in either the monetary union or
the individual country case, this paper cannot be used to determine the
policy implications for a monetary union in which fiscal and monetary
policies are not centralized. To do this it is necessary to consider a
monetary union in which the member countries maintain control over fiscal

policy, while the central bank assumes control over monetary policy.

II. Structure o G

The two governments set targets for output and inflation in their
own countries. Because monetary policy is controlled by the independent
central bank each government possesses only one instrument, fiscal policy,
which it can manipulate to reach its targets. The fiscal policy which
each government chooses can be tax financed or bond financed. The central
bank sets a target only for inflation. This assumption is in keeping with
the notion that the primary goal of the central bank is price stability
and subject only to meeting this goal is the central bank to supﬁort
general economic policy set at the Community level.'® The inflation
target set by the central bank is for the monetary union as a whole. The
central bank is not concerned with the distribution of output or inflation
across the monetary union, only the average output level and inflation

rate. The central bank also has one instrument, the money supply,

10 Reference is made to this point in both the Delors Report (1989)
and a report by the European Commission in 1990.

" 1t i{s possible that the central bank will be concerned with the
distribution of inflation across countries. The assumption that it is not
(continued...)
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which it can manipulate through bond purchases from the government to
attempt to reach its target.
The two fiscal policy variables and the monetary policy variable
affect output and inflation in both countries. These effects are known by
all three parties. The system of reduced form equations representing this

relationship is given below:

S Yi,e = Bu,e fi,e * Bia,e £2,¢ * Bia,c ba,e * Bua.e
(2) Ya,e = Bay,e £1,¢ * Baa,e £2,c * Bas,¢ Da,e * Bao,e
3 Tie ™ Cu,e £1,6 * Ca,e £2,6 * Cia,e Pa,e = Ciase
4) Toe = Cize £1,6 * Cooefz,e * Cra,ebme = Caase

where Yi,¢ and Ya,. are the levels of real output for country 1 and country
2; f1't and f:‘_,'t are the fiscal policy instruments of country 1 and country
2; b..’t is the monetary policy instrument of the central bank; and, Byt v

12
BZI.,t' C“'t, and Cy,¢ are constants.

These reduced form equations were
developed in Chapter 1.13
Each government has two means of financing fiscal policy: through

taxes or through bond issues. If a government adopts a tax financed

11(...continued)
is used here to make the objective function of the central bank as simple
as possible, and to determine if, given the objective functions of the
individual countries, such a specification is consistent with both average
an individual price stability.

12 Because all of the analysis in this chapter involves static games
the remainder of the chapter will drop the time subscripts, except where
it is confusing to do so (i.e. in the case of a lagged variable).

_ 13 These parameters may look slightly different from those in chapter

1 for two reasons. First, to keep the notation simple, it is assumed that
all real variables are found by deflating nominal variables by country l's
prices. This adjustment is made in the parameters for country 2. Second,
as discussed below, the governments have two possible means of financing
spending. The parameters for a bond financed fiscal policy, are found by
combining the government spending and bond variables given in chapter 1.
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TABLE I'
Coefficients in Output Equations: Tax Financed Fiscal Policy

_ Aley, Y, 57+ 72 - AaYyy,y

Bll 01 >0
= = _
B, - A lay,Y, 0y #o}: ] - AeY,y,¥ 550, <0
B [ay, Y. 57 + 72 - aYivoy) B, |
13 a,
B, = ¢Y1}7 [¢Yzﬁ(7173 - Yzy‘) + }7(71"'7‘)] s 0
14 Q
1
= =
B, A, (ay,Y,7 + yi Ay Y,0y 5 >0, <0
B.. = A (“YxYﬂ_'."’ ?) - Aey Y5y > 0
22 g,
B.. = [aY:.Y).}?“‘ y: - “Y‘sz.ﬂ A, 5 0
23 -
B, = aYlﬁ ?(CY,_ (YIYB - 7274) - ?(Ya"y‘)) )
24

Q,

% The conditions for signing the parameters in this table, and the
next three tables, are derived in Appendix D.
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TABLE II
Coefficients in Inflation Equations: Tax Financed Fiscal Policy

c. - A eV B500Y,-YaY) ¢ avii ] + Aavay
11

Ql >0
Gz~ A, [“IY'.‘I’(HYJ'Y’Y‘Q) * @Y, i) + Aav,y B >0
1
Co = [l!’YzD'('hY; - 7274) + “‘71}7* CYZ;J A, >0
13

Q,

ey [ @Y,5(¥,¥s - Ya¥,) * Fl¥a + ¥a)] o

Ca - 0,

A [@®Y, (Y,73-Y2¥) + aysy ] + Aav,y

Gy = P >0
1

C.. = Ay [@®Y, (¥,75-7;7,) + ay,7 ] + Aavy > 0

22 -

C,. = [V, (Y173 = Y2Yd) + avsy + ey, V] A, > 0

23

Q,

ay (@Y, (Y,¥3 - Y2¥¢) + F(¥3+Y,)
Ca - (¥, (v,7; Qi‘ 34)>°
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TABLE III
Coefficients in Output Equations: Bond Financed Fiscal Policy

(A,+4;) [y, Y, 5 7 + 72 - (A+A) aY Y,y

Bll Ql >0
-
B, - (A+A,) lay,Y, 5 7 +Q>: ] - (Aea)ativ) o0
- =
B, - 1Y P Y+ 2 : oYY, 91 A
B = aY,y [aY,5(Y,Y; - YY) + ¥y, + v,)] > 0
14 01 ;
—
By, (A,+A,) (ay,Y,y + }‘;1) (A,+4,) ay Y, ¥ 5 >0, <0
B (A;+4,) (a1, Y, + ¥2) - (A+A)ay, Y, 5 ¥ >0
22 01
B G+ - ey Y5V A
23
1
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TABLE IV
Coefficients in Inflation Equations: Bond Financed Fiscal Policy

c, - (A,+4,) [@*Y,5(Y,¥3-Ya¥s) + @Y,V ] + (A+A5) ay,y

1

>0

Cy = (A.+AS)[¢’Y2§(YIY;'73’!4) + ayl-‘_’.l+ (A,+3,) aYZ;’] D >0, <O

1

_ [6VB(11s - Yo¥)) ¢+ ey, T+ av,7 ] A,

Cl! 01 >0

C. - ay [ aY,5(Y,Y; - Ya¥e) + ¥y, + ¥3)] >0

14 Qz

Cp = (AA’AS)[“zYz(Ya'Y:‘YzYc)Q“ ay,y | + (A,+4;)ay.y 5 >0, <0
1

Coa (51“‘2)["2?1(7173'7274) + “Y:s?] + (A+A;) ay,y >0, <0
1

Coi = [@®Y, (Y173 = ¥270) + @Y,V + av, Y ] A, 5 0

23 01

c, - ay @Y, (Ya¥s - Ya¥) + Flvs + ¥)))

Q,



108
fiscal policy then the f; notation of this chapter is equivalent to g; in
Chapter 1. If the government adopts a bond financed fiscal policy then
the f; notation used in this chapter is equivalent to g;+b; in Chapter 1.
Tables I and II 1list the output and inflation equation parameters,
respectively, when the governments adopt tax financed fiscal policies.
Tables III and I>V list the parameters when the governments adopt bond
financed fiscal policies. As discussed in Chapter 1, one country'’s fiscal
policy can have negative spillover effects on the other country'’s output
when past policies of the two countries were highly divergent and continue
to be so. It is therefore not possible that the fiscal policies of both
countries produce negative spillover effects (i.e. if B,,<0 then B,,>0 and
if B,;<0 then B,,>0). Under a tax financed fiscal policy an increase in
government spending by one country always causes inflation in both
countries, whereas under a bond financed fiscal policy an increase in
government spending may cause a decrease in inflation in the other country

(Cyp or Cyy < 0).1

5 As derived in Chapter 1, f; is positive as is (v,v3-v,v,)- Thus
the signs of the C parameters will depend on the A terms. A, measures the
effect of a change in government spending by a country on its own
aggregate demand, and A, measures the effect of a change in government
spending by a country on aggregate demand in the other country. These
terms are both positive, so under a tax financed fiscal expansion,
inflation in both countries will increase (C”,Cij>0).

A, measures the effect of a change in bond issues by a country on its
own aggregate demand, while Ag measures the effect of a change in bond
issues by a country on aggregate demand in the other country. An increase
in bond issues, holding government spending fixed, results in a decrease
in taxes, which in turn stimulates aggregate demand. At the same time, an
increase in bond issues will increase the interest rate which decreases
aggregate demand. A, may be positive or negative, depending on the
relative strengths of these two effects. The interest rate effect is
always stronger than the consumption effect in the other country, so Ag is
negative.

A+AD>0 and A\+AS|A +Ag] . Thus, under a bond financed fiscal
expansion C;;>0, but Cij may be positive or negative.
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As shown below, changing the assumption on the signs of the
parameters has an effect on the strategic interaction between the two
countries. There is no effect, however, on the strategic interactions
between the governments and the central bank since an in;rease in
government spending, ceteris paribus, always has a positive effect on
inflation in the monetary union as a whole, and an increase in the money
supply, ceteris paribus, always increases output and inflation in both
countries.

Given the system of equations determining output and inflation in
each country, the governments and the central bank attempt to meet their
targets. Formally, each attempts to minimize a loss function. The loss

functions for the two governments are
(5 L= By(yy = yi)? + vy(n, - ®))?2

(6) L, = By, - y2)% + vy(m, - m3)2

the loss function for the central bank is

2
) f Fama e
L, ( 12 2 ﬂ.) )

where y; and y; are the output targets for country 1 and country 2; x; andx;

are the inflation targets for country 1 and country 2; and, =), is the

inflation rate target for the central bank. pB; and v; are the weights
which government 1 (i = 1,2) places on meeting its output target and its
inflation target.

All three players are assumed to have the same inflation target
which is taken to be zero. The two governments, however, may have

different targets for output. The quadratic nature of the loss functions
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implies that deviations on either side of the targets produces an equal
loss to the policymakerﬁ‘ In the case of the inflation target this
means that deflation and inflation are seen as equally bad from the
perspective of the policymakers. In the case of the output targets this
quadratic formulation assumes each government weights undershooting and
overshooting its output target equally in terms of its effect on the
policymaker’s welfare.

If B; > v; country i cares relatively more about meeting its output
goal than its inflation goal. If B; < v; country i cares relatively more
about meeting its inflation goal than its output goal. In general it is
assumed that B; > v;, B, # B, and v, » v,.

The three objective functions are known by all of the policymakers.
Each policymaker selects the level of her policy instrument (government
spending or the money supply) to minimize her loss function taking the
actions of the other policymakers as given. Once actions are taken they
cannot be revised, thus this is a one-shot game.

Substituting equations (1)-(4) into the loss functions, equations

(5)-(7) give the minimization problem facing each policymaker.

(8) min L, = B,(By,f, + Byf; + Bisb, + By - yi)?
£, + v, (O f) + Cpfy + Cp3b, - Cy - ®7)?
(9 min L, = B, (Byf, + Bypf; + Byyfy + By - )?
£, + V3 (Cufy + Cufy + Cyyby - G - ®3)*
16 As stated previously this formulation of the objective

functions is standard in the macroeconomic game theory literature.
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min L, _( (G, + Gy) £, + (G + Gy fz)

2 2
(10) b,
Ciy + Cy,) (Cie + Cyf) . 2
4,( 13223 b, - uz 24 _ﬂ.)
Section IV: The Cooperative Solu;igg17

One possible scenario for policymaking in a monetary union is for
the central bank and the fiscal authorities to coordinate their policies.
This can be modelled as choosing the three policy variables (£,, £f,, and
b,) to minimize a weighted average of the three loss functions given by

equations (8)-(10):

min L = AL, + AL, + AL
(11) oo b, 1 2 aLa

Assuming that each loss function is weighted equally, the minimization

problem given by equation (11) results in the following three equations:

(12) £ o PotAibatA L+ Ay +AY;
1 DO
(13) £ o E*EibytAfi+ By +Ey;
2 DI
(14) b o BtA L E £+ By vHy;
]
D2

where the parameters are defined in Table V.
These three equations can be used to solve for the cooperative
equilibrium. Substituting equation (13) into equation (12) gives f, as a

function of bm:

7  As noted earlier, this concept of cooperation differs from that
in the game theory literature on bargaining. In the context of the
European Monetary Union cooperation is equivalent to allowing the European
Commission of the European Community determine the monetary and fiscal
policies for the EMU.
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(15) £ - (D, +A,E,) + (A, D, +A,E;) by+ (A,D,+A,E;) y1+ (A D +A,E,) y2
! D,D,-A?

Substituting equation (13) into equation (14) gives b, as a function of £,:

(16) p = (DyHy+E,E,) + (D,A, +A,E)) £, + (E;E +D\H,) y1 + (E,E+D,H,) y;
" D,D,-E?

Likewise, substituting equation (12) into (13) gives fz as a function of

b .

(A7) £ - (DoEo+AgA,) + (A1A,+DoE, ) by+ (A,A,4D,Ey) yi+ (A,A+DoE,) V3
: D,D,-A?

and substituting equation (12) into (14) gives b, as a function of f,:

(18) b = (DoHo*+A0A,) + (A,A,+DoE, ) £+ (A,A,+DoH,) yi + (A, A +DoH,) y3
" D,D,-A?

Equations (15) and (16) are used to derive the cooperative equilibrium

solutions for f1 and b':

(D,D;-Ef) Ag+ (DyHy+ EoEy ) A, + (EyHo+D,E, ) A,
D,D,D,-A3D,-A{D,-2A,A,E, -D,E}

£, -

(19) . (D,D,-E{) A, + (E,E;+D,H,) A+ (D,B,+E\H;) A, ve
DoDxDz"‘z2 Dz—Af Dx“zhﬂzgx'bosf

(D,D,-E{) A+ (D,E+E;H,) A+ (E,E+D\H) A, .
2
DD, D, -a; D, -Af D,-2A,A;E, "DoExz
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(D,Ho+EoE, ) Dy + (EoA,-A,H) Ay+ (A, D, +A,E,) A,
DyD,D,~A; D,-A{ D, ~2A, A E, ~DoEy

b, -

(20) ’ , (ADi+AE) A:*:-‘HE:;A:H:) A;+(E\E;+D, H,) D, vi
DyD,D,-AZD,-A}D,-2A,A,E, -D,Ef

(AIDI +AQEI) A‘* (AIEQ-A2H4) A2+ (ElEt*Dlﬂl) DO y‘
2
DyD,D,-A3D;-AlD,-2A,A,E,-D,E}

Equations (17) and (18) are used to derive the cooperative equilibrium

solution for fz:

(DEo+E\Hy) Do+ (A, D,+AE, ) Ag+ (A,Hy-A E,y) A,
DyD,D,-AZD,-A}D,-2A A, E, -D,E?

£, -

(21) . (A2D2+AIEI) A3+ (DZES’EIHS) D0+ (A2H3-A13,) Al yo
D,D,D,-A2D,~AD, -2A,A,E, - D, E} !

(A,D,+AE,) A+ (D,E+E,H,) D,+ (A,H,-A, E,) A, y:
2
D,D,D,-A;D,-AZD,-2A,A,E,-D,E}

+

These equilibrium values for the policy variables can be substituted
into equations (1)-(4) to solve for the cooperative equilibrium output and
inflation in each country. In the cooperative equilibrium outcome, except
in the symmetric case, neither country reaches its targets for output nor
for inflation. Nor does the central bank attain its inflation target.

If the countries are symmetric then the cooperative equilibrium
yields the optimal outcome for all players. Inflation in both countries
(and thus the community inflation rate) is zero, and both countries meet
their output targets. This results follows from the fact that in the
symmetric case the countries choose the same fiscal policy level. Thus,

output levels and inflation rates are the same in the two countries.
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TABLE V
Coefficients for Cooperative Equilbrium

A, = 4PyBy By + 4P;B;1Byy - 4v,G)1Cyy - V6,6 - (C34Cy) (G4 Gy,)
A, = =(4B1By,By3 + 4B,B;,Byy + 4v,Cy3Cyy + 4V,0Cpp + (C34Cyy) (C3+4Cy) )
A, = =(4P,B1 By, + 4P.B;, By, + 4v,1C1,Cy;p + 4V,0Cop + (C134Cy) (61+Cy3) )

Ay - 4’1311

A, = 4B,B;,
D, = 4PyBfy + 4B,B3, + 4v, Gl + 4v,Ch + (C,,+Gy,) 2
D, = 4B,BY + 4B,BY + 4v,Cl; + 4v,Ch + (C),+Gy,) 2
D, = 4B,Bly + 4B,Bs + 4,0l + 4,0 + (C)34C;,) 2

Ey = 4ByBy;By + 4B2ByyBy - 49,C15C1 = 4V;G50C = (G4 Gyp) (Cq+ )

E, = - (4ByBy;By; + 4P3By;By; + 4v1C)5Cy5 + 4V,5,,C5 + (C1p+Cyp) (C3+Gy5) )
E, - 4P,B,,;
E, = 4P,B,;;
Hy = 4B,By3By( + 4B,By3By = 4,030y = 4V,0,3G = (C3+Cyy) (G+Cyy)
E, - 4B,B,;

E, -4 52523
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Given this, monetary policy can be applied to meeting the inflation
target, which is the same for the monetary union and for the two
countries, and fiscal policy can be applied to meeting the output target
for the two countries. As discussed in chapter 1, asymmetries currently
exist among the members of the European Community, and are likely to
continue to exisf, if not increase, with the removal of capital controls

leading up to the establishment of a monetary union.

e Na ame

Differentiating equation (8) with respect to the choice variable £,
gives the first order condition for the fiscal authority of country 1.
Solving this first order condition for f; gives the Nash reaction function
for country 1, equation (22). Differentiating equation (9) with respect
to the choice variable f,, gives the first order condition for the fiscal
authority of country 2. Solving this first order condition for f, gives
the Nash reaction function for country 2, equation (23). Likewise,
differentiating equation (10) with respect to the choice variable bn,
gives the first order condition for the monetary authority. Solving this
first order condition for b, gives the Nash reaction function for the

central bank, equation (24).

(22) £ - BBy, (Y1 = By, = Bipf; = Biyby) + v,Gy4 (G = Cof, - cnbi
1
ﬁ1Blzl + v1C‘121
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(23) - B.B,, (y2 - By = By, fy = Byyb,) + v,G;,(Cyy = G,y £y = Cy3by,)
f2 2 2
B2Baa + v,Ca,

(24) b, - G+ G) - (e + G - (G, + G E)
Gy *+ Gy

Reaction Functions When Spillover Effects are Positive:

Because there are three policy variables the reaction functions do
not form lines, but surfaces. If the spillover effects are positive the
reaction functions form triangular surfaces, as shown in Figures 1, 2 and
3.

The reaction function for country 1, equation (22), gives the fiscal
policy variable for country 1, as a function of fiscal policy actions
taken by country 2 and the monetary policy adopted by the central bank.

As shown in Figure 1, if

b = B1By1yr + vi1C1,Cie - ByB1yBy, and f, -0
. B1B11By3 + v,C1Cyy

then f,=0, point Q,. If b,-0 and f, -0 then

- B1B,,Y: + v,G,Cy = ByBy, By,
ﬁ13121 + V1C121

£,

as shown by point R,. If

£ - BiBi,y: *+ v1Ci;Ci - BiBuuBiy  and b, -0
2 B1B13By; *+ V111G,

then f,~0, as shown by point S,.
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OR,

0s,

Figure 1
Country 1’s Reaction Function
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OR,

0s

Figure 2
Country 2's Reaction Function
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f1
ORy
: os
0 3
fz
Figure 3

Central Bank’s Reaction Function
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Given that country 1l’'s own fiscal policy has a greater effect on its
output and inflation than do country 2’'s fiscal policy actions, (B11>B12
and C,>C,,), it follows that 05,>0R,. Since the actions of the central
bank have a greater effect on country 1l’s output and inflation than do
country 2’'s fiscal policy actions, (B,3>B,, and C,3>C;,), it follows that
05,>0Q,. The fiscal policy adopted by country 1 has a greater effect on
its output than do the actions of the central bank, but monetary policy
has a greater effect on country 1l's inflation rate than do its fiscal
policy actions, (B">B13 but C13>C"). Thus, if country 1 places a higher
priority on achieving its output target than on achieving its inflation
target (B,>v,) it follows that GQ1>6R1. So, the relationship among the
three intersection points is: 035,>0Q,>0R,.

The reaction function for country 2, equation (23), gives the fiscal
policy actions for country 2 as a function of the actions taken by country
1, and the monetary policy adopted by the central bank. As shown in
Figure 2, if

b - B2BasYz + V2C22Cay — B2aBaaBag and f, -0
" B2B2.By3 + ¥2C3Coy

then f,=0, point Q,. If b,-0 and

£ - B2Baa¥Vs + V2C33Cay - BiB3yBae
! B2B2yBay + V20 G

then fz-O, point R,. If f,-0 and b, -0 then

B.B,,y2 + Vac_z_zcu - B;B;;B,,

£, =
: Bszza + Vzc-.?z

as shown by S,.
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Given that country 2's own fiscal policy has a greater effect on its
output and inflation than do country 1’s fiscal policy actions, (B,>B,,
and C,,>C,,), it follows that 5R2>6§2. Since the actions of the central
bank have a greater effect on country 2's output and inflation than do
country 1's fiscal policy actions, (By>B,, and Cx;>C,y), it follows that
OR,>0Q,. The fiscal policy adopted by country 2 has a greater effect on
its output than do the actions of the central bank, but monetary policy
has a greater effect on country 2's inflation rate than do its fiscal
policy actions, (Byy>Byy but Cp>C,,). Therefore, if country 2 places a
higher priority on achieving its output target than on achieving its
inflation target, (B,>v,), it follows that 0Q,>0S,. The overall
relationship among the three intersection points, in Figure 2, is:
OR,>0Q,>05, .

The reaction function for the central bank, equation (24), gives its
monetary policy decisions as a function of the fiscal policy actions taken

by country 1 and country 2. As shown in Figure 3, if

£f,-0 and f, -0 then

b = Gt G
° Cia + G
as shown by point Q. If

Cie + Cay

- G+ Gy

and f, -0

then b =0, point R;. 1If

Lt G

£f,=0 and f, - ., + C.

then b=0, point S,.
Given that monetary policy actions have a greater effect on

inflation than do comparable fiscal policy actions of either countrj,
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(C43>Cqq and Cy>C,,), it follows that GR'POQ. and 63,>6q_.‘° The position
of length of line segment OR, relative to line segment 03, depends upon the
net debtor relationship of the two countries. If country 1 had a larger
current account deficit than country 2'! then C4>C,, and C,,>C,, and thus
05, >0R,. If country 2 had the larger current account deficit than country
1 then C,,>C,, and C,>C,,, thus OR >03,.

If both countries had a current account deficit last period, and the
value of their deficits were equal in real terms, then the countries are
symmetric.'® 1In this case, OR ~05,. Looking at Figures 1 and 2, given
symmetry, line segment 0Q,-0Q,, OR,-05,, and OR,-0S,.

Reaction Functions When Spillover Effects are Negative:

If the spillover effects are negative then the shape of the reaction

function changes for the country experiencing the negative spillover

effects.*

0 The effects of monetary versus fiscal policy on output are not
relevant since the central bank places weight only on reaching its
inflation target. Thus it reacts solely to changes in the inflation rate
and not to changes in output.

1n"
period.

Country 2 may have been a net debtor or a net creditor last

12
period.

Country 1 could have been a net debtor or a net creditor last

13 If the current account balances of the two countries were equally
in deficit last period then, Y1--‘1.‘,f>t , which ensures that: By4=B,y, By=B,,,
By3=Ba3, By4=By, Cy9=Cpa» C43=Cyy» Cy3=Cy3, and Cy=Cy,.

%4 As noted above it is only possible for negative spillover effects
to be generated by one country. The country generating the negative
spillover effects still benefits from positive spillover effects, and thus
has well behaved (i.e. triangular) reaction surface. The central bank can
be affected by negative spillover effects caused by bond financed fiscal
policy. The effect, however, is never strong enough to change the shape
of its reaction surface. This can be verified by examining equation (24).

If the countries are symmetric, there cannot be negative spillover
effects.
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Consider the case where an increase in government spending by
country 2, ceteris paribus, causes a decrease in output in country 1,
(B1z<°) . The reaction functions for country 2 and the central bank remain
as depicted in Figures 2 and 3. However, the reaction surface for country
1 changes from that shown in Figure 1. 1If f,-0 no negative spillover
effects can arise and thus the line segment QR, remains the same as shown
in Figure 1. If, however, f2¢0, the shape of the reaction function changes
from that depicted in Figure 1,. no longer remaining triangular. The new
reaction surface is shown in Figure 4.
An increase in government spending by country 2 will cause country
1 to react by increasing its spending (holding b, fixed). This occurs
because country 1 acts to offset the negative spillover effect on its
output. Mathematically this is shown by taking the partial derivative of
f, (equation 10) with respect to f,.

81, - - B1ByyBi; + v1C14Cy, > 0
A 313121 + V1C121

Since B,,<0, if country 1 places more weight on meeting its output
goal than its inflation goal (B1>v1) then an increase in fz will lead to
an increase in f,. In the case where an increase in spending by country
2 decreases inflation in country 1 (C,,<0) then country 1 will react to
this increase by increasing its own spending under any assumptions about
the relative weights placed on its two targets.’ This result occurs
because country 2’'s action will help country 1 in meeting its inflation

target but will move it away from its output target. Thus the inflation

15 As noted above Cy,<0 can only occur if fiscal policy is bond fi-
nanced, not if it is tax financed.
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Figure 4
Country 1’s Reaction Function
vhen B,,<0
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experienced by country 1 due to an increase in its expenditures will be
partially offset by the effect of country 2's policy, whereas the decrease
in output in country 1, as a result of country 2’'s policy, will be more
than offset by a comparable increase in spending by country 1.

It ;ls also true that [(6f1)/(8f2)]<1. This result follows from the
fact that an increase in spending by country 1 has a greater effect on its
output (in absolute value terms) than the spillover effect resulting from
an increase in spending by country 2.6

Given the negative spillover effect, f1 will only remain fixed when
government spending in country 2 increases if there is a compensating
increase in bond purchases by the central bank. Mathematically, this can
be shown by taking the partial derivative of b, with respect to f, in

country 1’s reaction function, equation (10).

8b, _ _ByBy;By; + v1G,C, > 0
8f, B1By1Byy + V113G

The analysis is the same as for the partial derivative of f, with respect
to f,. Likewise [(Sb.)/(sz)]<1.

Next, consider the case where an increase in government spending by
country 1 has a negative spillover effect on output in country 2. The
reaction surfaces for country 1 and the central bank are the same as those
depicted in Figures 1 and 3. For country 2, if f£,=0 the negative spillover
effect can not arise and thus the line segment Q,S, remains the same as
that shown in Figure 2. If £,40 the shape of the reaction function

changes, according to the new reaction surface as shown in Figure 5.

16 As shown in Chapter 1, A>A,, and (A1+A2)>(A‘+As). Thus it follows
that B">B1z.
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£ 1
e
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fz
Q
bn
- Figure 5

Country 2’ Reaction Function
vhen B,,<0
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The analysis underlying this reaction surface is the same as that
given above for country 1. An increase in government spending by country

1 will cause country 2 to react by increasing its spending (holding b,

fixed).
3f, B2B;1B,; + v355,Cy 8f.
3E " >0 and 2 <1
£, Bsz?z + Vzczzz Sfx

Since B,<0, if country 2 places more weight on meeting its output
goal than its inflation goal (B,>v,) then an increase in f, will lead to
an increase in f,. In the case where an increase in spending by country
1 decreases inflation in country 2 (C5y<0) then country 2 will react to
this increase by increasing its own spending under any assumptions about
the relative weights placed on its two targets.

Given the negative spillover effect, f, will only remain fixed when
government spending in country 1 increases if there is a sufficient

increase in bond purchases by the central bank.

8b, _ _ B2ByBa + VGG > 0 and 8b, <1
8f, B2B2;By3 + v2G5C 81,

The reaction surfaces shown in Figure 4 and Figure 5 are not become
unbounded. Both are bounded by the governments’ budget constraints.
Government spending by both countries is constrained by total wealth

within the monetary union.

Solving for a Nash Equilibrium:
Using the reaction functions given by equations (22)-(24) it is

possible to solve for each policy variable as a function of only one of
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the other policy variables. Substituting equation (22) into equation (10)

gives f; as a function of b, and b, as a function of f,:

(25) £ - K+ Mb, - Hiyi + Jiya
1 D]_
(26) b = K + Byf, + 0y,
m D2

Next, these two equations can be used to solve for the Nash equilibrium

level of f1 :

27) £ - (DK, + K.M)) - (DH,)y; + (D,J, + J,M,)y;
! D,D, - F,M,

Substituting equation (22) into (10) gives f2 as a function of b,:

(28) £-5" Mb, - Hyi + J,y;
Dl

Finally, substituting equation (10) into equation (24) gives bm as a

function of fzz

(29) b - Kt FRf+dy;

Equations (28) and (29) can be used to solve for the Nash equilibrium

level of f2

(30) £ - DK + KM,) - (DH)yi + (I,M - D,J,)y;
: D\D; + F;M,

and the Nash equilibrium level of b,
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(31) b = (DK, + F,K;) - (FH)yr + (FJ, + DJ,)y;
" D\D; + F3M,

where the parameters are defined in Table VI.

Using the Nash equilibrium values for f1, f,, and b, equations (28)-
(30), it is possible to solve for the equilibrium values of inflation and
output for each country. The inflation rate for the monetary union
(11&2)/2 is zero in the Nash equilibrium. Thus, the central bank meets

its inflation target. Neither country, however, is able to achieve its
inflation target nor its output target ( y,*yy, Y,*yz ).

To understand why the central bank is able to reach its inflation
target in the Nash equilibrium, it is useful to examine its reaction
function. This reaction function, given by equation (24), also defines
the bliss space for the central bank", that is, the combinations of
polices (f,, fz, and b,) whereby the central bank achieves its inflation

target. Formally this bliss space is found by setting

(32) R, +n,=xn*"=0

Substituting for 7, and 7, from equations (3) and (4) gives

(33) 0 = (C,+Cy) £y + (Cy34Cyy) £2 + (Cy34Ca3) by = (C+Cy,)

which can be solved for b, to obtain

(Cp + C3,) - (G, + ) f, - (G + Gy £

(34) b, - e G

17 This corresponds to a hliss point which can be determined in a two
person, two variable game.
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TABLE VI
Coefficients For Nash Equilibrium

D, = B,B,B,,B;; (By3B;, - ByyBy;) + ByvyBy3Cyy (B3 Cyy - BypCyy)
+ B1v3B11Coy (By3Coy = B3 Gyp) + Viv,30,CG05 (G136 - €, Gy5)

Dy = B3By; [By3 (C34Ch3) = By (C134Gy3) 1 + v;65, (€365 = €365
Dy = B3By; [By3(Cy3#4Cyy) = By  (C13+4Cy3) ] + v;65,[C3C55 = §3G,4]

Fy = BBy [B5(C14#Cyy) = By (Cy34G,) ] + 9,55, (6, Gy, = €G]

H - 31311(523222 + Vzczzz)
Hy = B1Byy (B2ByyByp + v;C,,Gy;)
Jy = BBy (ByBy3By; + v1C3Cyp)

J, = 52822(313121 + V1C121)

Jy = BBy (Cy + &)
Jg = BBy (G + &)

K - pxbaBuBaz(BuBaz - BnB:u) - Bz"xazzcu (Bucu + Bzzcu)
+ B3B8y, Coa (B Cyp + By3Cyy) + V1V3C13G55 (GG = €10Cy,)

K, = ByB3By3By; (B By — By(Byy) + PaviBypCyy (ByyCyy + By Cyy)
= Byv2B1Cop (B Gy + B3 Cy) + ViV;303G,(CCoy - €1 Gyy)

Ky = =B3By; [Byy (C1+Cyf) + By (C13+Cyp) ] + v,655 (€6 = €616y,
K, = =B3B;3[By; (C(+Cy) + By (Cy+Cyy) 1 + v,65,[C1C = C1Ciy)

M, = ByB;B,3B;; (B3B;; - By3B;3) + B3vyBy;Chy (BypCyy = By3Cyy)
+ ByV3By3Co; (By3Cyy = By3GCyy) + V19,301,365 (€36, - C1pCys)

M - azsznBzz (311323 - Ban) + pz'szzCu (stcu - Bncn)
+ By3B,,Co; (B, Gy = B3Gyy) + V19,306,655 (613G = §3Gyy)
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Since equation (34) is the same as equation (24), in a Nash equilibrium
l’,ﬂ’z-ﬂ"-o. Given that the central bank always achieves its target in a
Nash equilibrium, but can not do so under the cooperative solution, it
will have no incentive to cooperate. Cooperation reduces the utility
(increases the loss) for the central bank.

Since the central bank achieves the same level of utility (zero
loss) at all points on its reaction function, this function can be used to
convert the three-dimensional problem into a two-dimensional one.
Substituting the central bank’s reaction function into the reaction
function for country 1 yields:

[ByByy (¥3-B,) +v,Cy,C1) (Cy3+Cy3) = (ByByyB3+v,Cy,Cyy) (G +C,,)
(313121‘*"1(—'121) (C134Cp3) - (B3B3 B13+v,Cy,Cy,) (Cyy+Cyy)

[(B,B,,B,3+V,C,,Cyy) (C13+Cy;) = (Cy3+Cy5) (ByBy,By3+v,65C5) )
513121"‘ch121) (C13+Cy3) = (ByBy3By3+V,Cy,Cyy) (Cyy+Cyy)

1,

Geometrically, this indicates the intersection of the two functions given
in Figure 3 and Figure 1. Substituting the reaction function for the
central bank into the reaction function for country 2 gives

[(B,B,; (¥2-B;,) +V;3C53C,,] (C13+Cp3) = (B;ByyB,3+v,C5,Ch5) (Cy+Cyy)
(ﬁsz’zwzszz) (Cy3+Cy3) = (B3By3By3+4v,C5,Chy) (C13+Cy3)

[(B;B;;B;3+9,C;,C;5) (Cy1+C;y) = (C13+Cy3) (B3B3 B23+936;31Ca) ]
628324'\?20322) (C3+Cy3) = (B3By3By3+v,G,Gh3) (Cp+Gyp)

£,

which indicates the intersection of the reaction functions shown in Figure
3 and Figure 2. The resulting functions are shown in Figure 6. Both
functions are upward sloping regardless of whether the spillover effects
of fiscal policy are negative or positive. 1In the case of positive

spillover effects a country will react to an increase in foreign
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government spending by decreasing its own spending. An increase in
foreign government spending will also cause the central bank to react,
reducing its bonds purchases (adopting restrictive monetary policy) to
fully counteract the average inflationary effects of the fiscal action.
Because the central bank’s policy has a negative spillover effect which
more than offsets the positive fiscal policy spillover effect, the country
in question will react by increasing its own level of fiscal expenditures.
In the case of negative spillover effects, an increase in fiscal
expenditures by one country will cause an increase in expenditures by the
other country to compensate for the negative spillover effect on output.

Since at every point on the functions shown in Figure 6, the central
bank is at a bliss point, the intersection of these two functions, which
gives the Nash equilibrium, must also be a bliss point for the central
bank. However, as noted above, the Nash equilibrium is not optimal from
the perspective of either country. Only if the countries are symmetric
will there be price stability as an average in the monetary union and
across both countries; Under symmetry the countries also meet their
output targets.

If the countries are not symmetric neither country achieves price
stability. 1In this case, since the overall price level in the monetary
union is stable, it follows that one country must experience inflation
while the other country must experience deflation. If the inflation rates
were the same in both countries last period and the fiscal policies are
the same this period, f;=f,, then the net debtor country will be the
inflationary country and the net creditor country will be the deflationary
country. If the inflation rates were the same in both countries last

period and this period the net debtor country adopts a more expansionary
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- Figure 6
Reaction Functions After Substituting Out b
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fiscal policy than the net creditor country, then the net debtor country

will be the inflationary country and the net creditor country will be the

deflationary country.'®

In the Stackelberg game with the central bank as the Stackelberg
leader, the policy objectives of the three players are unchanged. Each
player aims to minimize a loss function given by equations (8)-(10). This
game differs from the Nash equilibrium because the central bank, moving
first, is able to anticipate the fiscal policy decisions which the
countries will take in reaction to its monetary policy decision. The
central bank knows the reaction functions of the two governments and
incorporates them into its objective function. The aim of the central
bank is to minimize its loss function, subject to the impact of the fiscal

policy reactions of the governments on inflation within the monetary

union.
47, )
(25) min L, - —5
b,
subject to:

18 As shown in chapter 1, expansionary policy tends to have a greater
effect on inflation in a net debtor country than in a net creditor
country.
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x, - BBy (¥1-Byy =By £;-Biab,) + v4Cyy (C1=Cyaf3-Ciyba) C,
BBy + v,Ch
. B2Bya (V2 -By =By £1-Byyb,) + V3635 (Cay=GCyy £, -Coyby) Cia
BBl + v,Ch
+ Cib, - Gy
x, - BBy, (y1-By-By £5-Biyby) + v,G, (C1=C3f5-Craby) Ca
9131?1 + "13121
+ | BaBaa (Yi-B3 =By, £1-Bisby) + ¥,65, (G- Gy £ -Cpyby) Caa
Bszzz + Vzczzz
+ Cpaby, - G

As the Stackelberg leader the central bank is able to choose the
area on its reaction surface which minimizes its loss function. This can
be shown mathematically by minimizing the loss function, given in equation

(14) with respect to b., which yields the first order condition:

where ¥, and %, are defined above. The term [(ém,/6b,)+(éx,/6b )] is not
a function of the policy variables. Thus the first order condition can be

rewritten as:

(26) X, + %, =0

Since ¥, and ¥, incorporate the reaction functions of the two governments,
equation (26) indicates that the central bank will be able achieve its
inflation target taking into account the reactions of the governments.

Solving the first order condition for b, gives:



136

(27) b, - Ayy + Ay; - ;3f1 - AL - A
)

where the parameters are defined in Table VII..

Equation (27) and the reaction functions for the two governments,
equations (22) and (23) give a system of three equations in terms of the
three policy variables. Solving this system of equation gives the
Stackelberg equilibrium with the central bank in the role of Stackelberg

leader. The solution is:

£ - K, (D,\D,+AM,) - M, (A;D,+AK;)
! D, (D,D,+A:M, +AM;)

. M, (A,D,-AH;) - H, (D,D,+AM,) v:
D, (D,D,+A;M, +AM,)

. M, (A,D,+A,J;) + J,(D,D,+AM,) y:
D, (D, D, +AM, +A m,) 2

£ - K, (D,D,+AM,) - M, (A;D,+AK,)
? D, (D, Dy+AM, +AM;)

. M, (A,D +AH,) + H,(D,D +A,M,) ye
D, (D,D+A M, +AM;) !

. MAD-AJ) - J,(DDAM) .
D, (D,Dy+A;M +A m;) ?

S (AsD,+A K, +AK;)
" (D,D+AM, +A M)

(A,D,+AH, -A,H,) y:
(D, D +A\M, +A M) !

(A,D,-A,J, +A,J,) y:
(D,D+AM +Am,) ~*

As expected the central bank is able to reach its target so that the
average inflation rate in the monetary union is zero, but in the absence

of'symmetry neither country will have price stability. Also, neither
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TABLE VII
Coefficients for Stackelberg Equilbrium When Central Bank Is Leader

A, = BB, (C,+Cyy) (szzzz*Vzczzz)
A; = B3B3 (Cp+Gy5) (ﬂxBx’x*hC’:’x)

Ay = (C)3+C3,) (p1BzBlzIBszzz + 52“13213220121

+ h"zBlzlcnczz + Vz"zciz1cz1czz)

A = (Cy+Cy) (BzﬁanBnBzzz + 52“13222011012

+ pz"anBnczzz + "1V2C11cnc:2)

Ag = B1B3B11 By, [ (B3B3 (Cy+Cyp) + BBy (C13+Ch3) #+ By By, (C14Cyy) ]
+ Bav1ByCyy [(By €3 (€14 Cyp) + By (61 Co-CieCiy) )
+ P1v3B11Cy3 [B1Cy3 (€13 #Cyy) + By (C1Cip-C13Cy) ]
+ V903G (GG Go + §13C12Ca4)

Dy = ByB3By1By, [ (B3B8, (C34Cyy) + BBy (C+Gyp) + BBy (C34Cy,) ]
+ B2v31By,Coy [(By3Cyy (C1p+Cyp) + Byp (€365 =Gy Cpy) ]
+ B1v2B11Cyp [By; (C)3653-C13Gyp) + By3Gip (G4 Gy) )
+ VV0,6, (GG + CpCys)
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country will meet its output target. Thus, as in the Nash equilibrium the
central bank meets it target but the two countries, in general, do not
meet either their output or inflation targets. Furthermore, the central

bank once again has no incentive to cooperate.

VII: tackelb Game W the Governme s Leade

In the Stackelberg game where the governments act as leader, the

policy objectives of the three players, once again, remain unchanged. 1In

this game the two governments move simultaneously, but they move before

the central bank, and thus can anticipate the central bank’s actions.

Each government incorporates the reaction function of the central bank

into its objective function, and minimizes this revised function with
respect to its policy variable (fi).
y, = By, + By, f, + B, f,

. By [(C1+Gy) = (C1+Cy) £ = (G54 Gp,) £5]
(C3+Cy)

Y2 = By + By £y + By, f,

. By [(C1+Coy) = (Cy#Cy) £y = (G134 Gyp) 1)
(C13+Gy3)

%, = O, f, + Cf; - Gy

Ci [(C+G) - (C4C;) £ - (C+G5) 1)
(C3+G5)

%, = Cppfy + Cpof; - G

Cos [(C*+Cy) = (C3#Gyy) £ = (C13+G5) 1))
(C13+Cy3)

Solving the first-order conditions, which result from these minimizations,

for f, and £, yields:
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(28) £ o Ho* Hyi + Hf,
1 DS

(29) £, - Bt Hyi + Bty
DG

Equations (28) and (29) in conjunction with the central bank'’s reaction
function, equation (24) can be used to solve for the Stackelberg
equilibrium values of the policy variables.

HH,+H,D; + H,D,y; + HH,y;
DsDg - HyHg

£, -

H,Ds+Hy,H; + Hley; + H‘Dsyz'
Dst - Hzﬂs

- (C1*G))
(C13+Cy,)

(C11+G,y) (HHy+HsDg) - (Cy,+C,;) (HyDs+HyH,)
’ (Cy3+C33) (DyDg-HyH)

_ H(C,+G,) D + (C,+Gp) Hsl .
(C13+C;3) (DyD-H,H,) ¥

_ H(C1+G) H;, + (C3+C,) D)
(Cr3+Cy3) (DyDy-HyHy) 2

where the parameters are defined in Table VIII.

For the Central Bank, the result of this game does not differ from
the previous two games. Average inflation within the monetary union is
zero, so the central bank achieves its target. The two governments remain
unable to meet their output targets, and as in the other two games, do not
achieve price stability unless the countries are symmetric. Thus, as in
the Nash equilibrium and the Stackelberg equilibrium with the central bank

as leader, the central bank has no incentive to cooperate.
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TABLE VIII
Coefficients for Stackelberg Equilibrium When Governments Are Leaders

D, - pr (2 (BnCu'BuCn) (Buczs‘Bncn) - (Bncn'BnC'z:i)2

= (By3C33-B1,C33) 3 1 - 2v,(Cy3G;4-Cy1Gpy) 2

D - ZBz [(Bzacxz'Bzzcn)z - (323022‘322023)2

= (By3Cy3-By;3Cy3) (By3C13-By3Cy,) 1 = 2v,(Cy3655-Cp3Gy4) 2

Hy = 2P,B,, (C13+Cy3) [By3(Cy+Cyq) +B, (Cy3+Cy) ]
= 2B,B,;(C,+C;,) [By  (C3+Cy3) +By3 (€)1 +Cyy) ]
+ 2v,(C13C,,-C1,Gy3) (G Gp3-C13Cyy)

Hy = 2B, (Cy3+GCy,) [By3 (Cy+Cyy) =By (Cy3+Gyy) ]

Hy, = 2B, [B),B);(Cy3+Cy5) 2 + szs(cu"'cu) (C13+G35) ]
= 2P,B,; (C13+GCy;) [By; (C1+Cy,) + By (Cy+Gyy) )
+ 2v, (C);C,3-C13Gyy) (Cy5C53-C13Cy5)

Hy = 2B,B;;3(C13+Cy3) [Byy (G +Cyy) +Byy (Cy3+Cyy) )
= 2B;B;3(Cy3+Cy;) [By(C13+Cy3) +B;3 (€ +Cyp) )
+ 2V, (C3Cy5-C35Ch5) (G4 Cy3-Cp3Cyy)

Hy = 2B, (Cy3+Cy3) [By; (Cyp+Cyp) =By, (Cry+Cyy) ]
Hy = 2B, [B;;B;, (C)3+G;;5) % + Bzza(cu"czz) (C11+Gyy) ]

= 2B;B;3(Cy3+Gy3) [By; (G +Cyy) + Byy (4G, ]
+ 2v,(C;3C,3-C33Cyp) (G3,C13-C3Gyy)
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' : nclus

In the framework of a monetary union, towards which the European
Community is moving, fiscal and monetary policies are decentralized, with
the policies being controlled by independent institutions. There are two
key features of this structure. The central bank makes monetary policy
decisions for the entire union and thus is concerned with the average
inflation rate in the union, not the distribution of inflation across
countries. Fiscal policy decisions are made by the member countries.
These countries are concerned with the impact of these decisions on their
own country, and not the effect such decisions have on other countries in
the monetary union. The countries are also concerned with the effect of
monetary policy decisions on their own country and not the average effect
on the union.

Given this decentralization of policy decisions, and the different
concerns of the decision makers, it is useful to analyze the policy
decisions in the form of a game between the central bank and the two
governments. The two governments attempt to use fiscal policy to meet
their output and inflation goals. The countries may differ in both the
goals they set and the weights attached to achieving one goal over the
other. The central bank uses monetary policy to target the inflation rate
for the monetary union. The central bank does not target output.

This chapter analyzes three possible strategic interactions among
the players: A cooperative game, a Nash game, and a Stackelberg game. In |
the Nash and Stackelberg game the central bank is able to meet its
inflation target: average inflation is zero in the monetary union. This
result follows from the central bank’s use of monetary policy to

concentrate on only one goal. The two countries in general are unable to
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meet either their output goals or their inflation goals. Only if the
countries are symmetric will they meet their inflation targets. In the
symmetric case they will also meet their output targets. Symmetry,
however, is does not characterize the European Community, nor is it likely
to be achieved through monetary union.

The standard result found in international policy games, that policy
coordination is welfare enhancing does not hold in the game developed in
this chapter. In the cooperative game, monetary policy can not be used
solely for meeting the inflation goal of the central bank. The
preferences of each country are weighted equally with those of the central
bank. This introduces complications for the use of monetary policy
because the countries are willing to accept some inflation in order to
move closer to their output goals. Thus, in the cooperative solution the
central bank is unable to meet its inflation target. Since the central
bank does not meet its target in the cooperative game, but is able to do
so in both the Nash and Stackelberg games, it will have no incentive to
cooperate with the fiscal authorities in formulating policy.

The results of this chapter indicate a potential source of friction
between the countries in a monetary union and the central bank. One of
the reasons why the European Community countries have been receptive to
the idea of monetary union is that it is expected to provide them with low
inflation. This chapter indicates that even in a monetary union in which
the only goai of the central bank is price stability, the member countries
may not benefit from the achievement of this goal. Although the central
bank is able to achieve a zero average inflation rate for the Community,

the individual countries do not achieve price stability.
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These results indicate that the countries may not benefit from a
central bank which is concerned only with average price stability but not
with the distribution of inflation across countries. The alternative
would be for the central bank to set targets both for average inflation

and inflation in each country. 1In this case its loss function becomes:

Ly = @73 + 0,73 + 0, (%, +7,) 2

Since, as explained in chapter 1, the central bank is unable to aim its
policies at individual countries, it can not achieve both price stability
in one country and an average price stability. Thus, the central bank
will have to decide how to weight the various objectives. Placing country
specific targets into its loss function may make the central bank more
susceptible to pressures from individual countries, weakening the
independence of the central bank and creating a potential source of
friction among the countries, something the advocates of monetary union
have hoped to avoid. Subsequent research will attempt to more fully
examine these issues by determining the effect of the objective function

given above on the ability of the central bank to achieve its targets.
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APPENDIX A

SOLVING FOR AGGREGATE SUPPLY AND DEMAND

This appendix uses the equations in Tables I and 11 to derive the
solutions for aggregate supply and aggregate demand for country 1, as
givén by equations (37) and (40), respectively, in the text. The
derivations of the aggregate supply and demand equations for country 2,

are discussed where they differ from those for country 1.

Vv (o) regate Su

Lagging equation (2) yields:
(A1) pPea1 = YP1, e * (1-Y)P;, 0y

Substituting equations (2) and (Al) into equation (4) yields:

Y(P,,e~Py,¢e-1) . (1-v) (D;,¢=P;, ¢-y)
YDy, et (1-Y) Dy, ey YDy, e-1* (1=Y)DPj, ¢y

(A2) my,ey -

which can be rewritten as:

(A3) Ry, e-1 = ( YD1, e ) (pl,t-pl,c-x)

YPy, e+ (1-Y) D3 ¢y P1,e2

R ( (1-Y)DP;,¢-2 ) (Pz,c‘pz,c-z)
YDy, e+ (1-Y) Dy ¢y P3,e1

Rewriting equation (14) as:!

(Ad) P,e ~Paea _ g (Yz,t 15_c - 57) + EeaPa,e"Pa e

P2, ¢-1 y Pz,e1

1 This is done so that in the aggregate supply equation for country
1, all real variables will be measured in the same units.

144
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Substituting equations (1) and (A4) into equation (A3) yields:

(A5) Ry eea ™ ( YDy, e1 ) a _y_li + B¢ 1Dy,¢ = Dy, e-1
YP,,e1* (1°Y)pz,c-1 y Pi,ea

. ( (1-¥)P;,¢-1 a Jv'z,:fc“}7 + EeaPae ~ Pae
7p1,¢-1+ (1"7)Pz,e—1 y

P3,e-1

Next, solving equations (2) and (15) for p, , and p, ,, respectively:

Div = pe _ (1-Y)p; . Dy s = pe _ (1-v)p,,
1€ Y Y ! . Y Y

which after some algebra yields:

Pie - '1—_Y"pzfe ’ (A7) p;,e = X DPae - 1oy Pie

A6 -
(46) py,. 2y-1 2y-1 2y-1

. A
2y-1

Taking expectations at t-1 of equations (A6) and (A7) gives:

12 E 1Pz‘,:t

(Aa) Et_lpl'c - -2—'7—.11" t-

T;Y_—].Ec_lp{‘:, -

1_
(A9) E.\p;,e = Z_YYHEc-xpz‘ft - —ZY__Yi'Ec-xplst

Lagging equations (A6) and (A7), and using equations (A8) and (A9), it is

possible to rewrite:

E.;Py,¢ = P1,¢-1 E.1P3,¢ = P3,¢-1
P, e and, Pz, e
as.
e YP: e1 o (1-¥) P25 e-n )
Ty, e - p = %2,e1 = =
YD, e-1- (1-Y) P2 e TP e-1- (1-Y) P2 e
and:

o YPa e -z (1-¥) D5 e
R2,e1 c c 1,¢-1 c _ c
YP2 t-1- (1-Y) Py’ ea P2, e-1- (1-Y) P1 e

respectively.
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Making these substitutions into equation (AS5) and solving for y, ., yields:

. _ - -
(Aa10) y,,.~- Yat¥a y- X (Y;?xc'Yﬂ:) Ry + —im (71'72"'7:7:‘) X2 e
Y1 ay, ay,

y Y
+ X g, 0 -12
ay, ‘it Y Y2,:P¢

where:
Y, - YDy, ¢-1 Y, - (1-Y)DP;, ¢y
! YPi,e:a * (1-Y)P3 ¢y 2 YPy,e-1 * (1=Y) Py, ¢y
c YP:?:—: c (l‘Y)pZ?:-i
Y. - c c ’ Y. - c c
YPi e-1 = (1-Y)pa e YP1,e-1 = (1-Y) P2 e
c YPa2 -1 c (1-Y)Pifey
73 = c c 4 ¥ - c c
YP2,c-1 = (1Y) Py e YPz2,c-1 = (1Y) Py e
Following thte same procedure for country 2 yields:
Ys * Y (¥ 1 _z) c e
(A11) - 2 - - N2 e-
Ya,¢ T ‘52) Y, (}5, (737: 7472‘) 2,e-1
1 _Z_ c _ c o 1 __z
* ay, (lst) (a7 Y¥) ®iea t ay, (ﬁc) Fa.e
_ Y. -V1,t)
Y3 D,
where:
YPz,¢-1 (1-Y)Py, ¢y

Y3 = Yo =

YP;,e1* (1-Y)Py ey YD;,¢-1* (1Y) Py, ¢y

Substituting equation (All) into equation (Al0):
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+ _ = c_ c — c_ c
-h) [ Y3 i Y4 7 - _.‘[ ( 737:Y37472 ) RSy + _E (7374737471 ) %2 e ]

)|y . 7Y Yi*t¥: = 7 [ V-1 .
)[CY; K2, -1 s YI,t] + T y P (—T—— X3, e-1

— YYC_YYG —-—
+ "E ['_1% Xl e * T,% Xy, t-1

and solving for y,, gives:

— Y g
a1 e T gty e ot
= Ya : e
- Ry gy — —— R e
y & (Y1¥5 - Yoy 252 «  r3.t1 ]

Next note the following:

3 Ypif t-1

(A14) 1 = =
YP1,e-1 - (1-Y) D3l e

szl,t-l + (I-Y)sz,c-g
YDy, e * (1-Y)YPy,ey - (1-¥) ¥Ry, .y - (1-7)3p, .,

Y?pPy, ¢y + (1-y) YP2,¢-1
(27-1)?1, t-1

(1-¥)P;% -y

(a15) §;5
prc.‘t-z - u‘Y’szt-x

(1-¥)¥YDP;, .-y + (1-Y)3D; .,
TPy, e + (1-Y)YP;, -2 - (1-¥)¥D,,.., - (1-v)?p, ..,

(1-¥)¥YP;, ey + (1-Y)3p, ..,
(27—1)[’1,:-1




(A16)

and:

(A17)
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(1-Y)p;, .-y
Ys - YPy, -1+ (1-¥) D5, 0y
Y1Y3-Y2Y¢ ( YDy, -1 ) ( YP3,e-1 )
YP1,e-1* (1=Y)Da, 2 ) \ YP2, -1+ (1-Y) Py, 0y
(1-v)p;,,.,

YPy,e-1+ (1-Y)P; -y

( (l-Y)P3,¢-1 ) ( (l'Y)th.g
YPy,e-1*(1-Y)P;, ey ) \ YP2,6-1 (1-Y) Py, ¢y

TV

( (1-Y)P;, ¢ ) [YPy, e+ (1-Y) P 4] [¥P;, e+ (1-Y) P, )
YPy,e-1* (1=Y) Py, e Y?P1,e-1Pa,¢-1 = (1=Y)?Py, 1Py, 01

(1-Y)YP3 eq + (1-Y) D1, ¢-1Ps, -1
(2y-1)p,,¢-1P2, ¢4

(1-Y)YP;, -1+ (1-Y) 2P, .y
(2y-1)p,, ¢y

YP3,¢-1
Y3 - YPz,e-1* (1-Y) Dy, ey
Y1Y3~YaY4 ( YD, ¢-1 ) ( YP;, ¢-1 )
YP1,e-1* (1Y) Pz, e.2 ) \ YP2,e-1* (1Y) Dy ¢y

(1-y)P;, ¢y
_ YP1,e-1* (1-Y) P3¢y
( (1-v)P; ey ) ( (1-Y)py, ¢y )
YP1,e-1* (1=Y)P;3,e1 ) \ YP2,¢-1(1-Y) Dy, ey

- ( YP;, e-1 ) lYpy, e+ (1-Y) D5, 0] [¥D;, 9+ (1Y) Py ¢y)
YP;,e-1*(1=Y) Dy, cn ¥Y?Py,c-1P2,e-1 = (1Y) 3Dy, 0P, 0

szL c-1P2,e-1 * (1-7) Yp:. t-1
(2Y-1) Py, ¢-1P2, t-1

¥?Py, -2t (1Y) YP;, ¢y
(ZY—I)pl, t-1

Equation (Al4) and equation (Al7) are identical as are equations (Al5) and

(Al16), which proves that:



149

71‘: - ——‘—_Y: ’ ?Zc - Ya
Y1Y3~Y2aYe Y1Y3"YaY.

Thus, the aggregate supply curve for country 1 can be written as:

Y

)
@YY YaY) (®y,e-a = ®aiea1) ]

(A18) vy, = 57[1 +

= Y2 o
- (R3,e-1 — 2,¢e-1)
y[“(Y;‘Y; YY) 2,¢t-1 2,¢-1 ]

To solve for aggregate supply in country 2, substitute equation (Al1l0) into

equation (All):

[Yl_+__72 _Z - —Z— ([12_7; - ?f] “1.,c-1 + [720 - Ji: ] ‘2..&-1]

(A19 Y.
) Yaes ( Ys Ya1 B Do Y1 Y1
S 20N /1 ] N FTedh 70 4
( [ﬁt‘wl ey, Va.e Ys P

-— ( (-4 — (-]
- B;; k%‘z'z- - 7;') Ry e1 - Y (746 - LAAE ] t Fyry
t 3

« X
Dy,

K2, e-1

and solving for y, gives:

(420) - £ h n, .. - 35(20-1) .
Ya,e D, a(y,?3 Yarg) et a ( y S o1
- Y‘c 2"1 )
[“(7173 - YaY,) Tiea ¢ ( Y ) Ry, e-1 ]

Next note the following:
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(-
(a21)  ¥5 — YPaer
YP2,¢e-1 ~ u'?)p;,:-;

szz,t-l + (I-Y)Yp1,c-1
YDz, ey + (1-¥)¥DPy, ey - (1-¥)¥Dy, ., - (1-v)3p,,..,

Y?Ps, -1 + (1-Y)YDy ..y
(2y-1)p,, ¢,

1- -
(A22) 7‘0 - . ( Y)pl,t 1 -
YPa,e-1 = (1-Y) Py e
- (1'7)791,3-1 + (1‘Y)zpz.c-1
7292,:-1 + (1-Y)Yp1,c-1 - (I-Y)ij,,g-; - (1"7)2192,;_1
(1-Y)Ypy ey + (1-Y)?p, .,
(2y-1)p;, ¢y
YPy,¢-1
(A23) Y: - YPy,e1* (1-Y) D3, ¢y
Y1Y3-Y2Y¢ YP,¢-1 ) ( sz, t-1 )
YP1,e-1* (1=Y)DP3,e2 ) \ YP2,¢-1* (1-Y) Py, ¢

YP1,¢-1
YP,,e-1t (1-1)93.2-1
(l-Y)pZ.c-l ) ( (1'Y)p1,e-1 )
( YP1,e-1*(1-Y)P;,¢.0 )\ YP;, 0oy (1-¥)py, e

) ( Heey ] Py, et (1Y) By, ] (YP;, e+ (1-Y) P, ,.,] )
Ypl. C-]"’ (l‘Y)pz, t-1 szl't-ipz't_l = (l-y)zpl' t-lpz, e-1

¥°Py,¢-1Pz,¢-1 * (1-Y) YPi ¢
(2Y-1) Py, ¢-1P2, -1

Y?Pa,¢-1* (1-Y) YDy -y
(2Y-1)p;, ¢4
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and:

(1-Y)Dy, ¢y
(A24) Ya - YP3,e-1* (1-Y) Dy, -y

Y1Y3~YaYs (

(1-Y)Dy ¢y
YD;,e-1* (1-Y)Dy oy

YPy,e-1 ) ( YP;, -1
YPy,e1* (1'Y)p2,c-a YPz, et (1'Y)p1,g-1

) ( (1-Y)D;, ¢y ) ( (1-¥) Dy, ¢y
YD;,e-1(1-Y) Py, ey

YDy, e1* (1-Y) D3,y

- ( (1°Y)P1,t.1 )( [YP1,¢-1+(1-Y)Pz,t-1] [sz,t-l"'(l-y)pl.t-ll

YD, e-1* (1=Y) Dy, ¢y

(1-y) YP12. e-1 * (1-Y)2D;y 1P e
(2Y-1) Py, t-1P3, -1

(1-Y)YPy, -1+ (1-¥) %D, .y
(ZY-l)pz, t-1

72P1,c-1pz,:-1 - (1-Y)2P;, 1P, e

)

Equations (A21) and (A23) are the same as are equations (A22) and (A24)

which proves that:

g - Y c Y

Y13 oY, C Y YaY,

Thus the aggregate supply curve for country 2 can be written as

'o+<,

[ ]
a(Yﬂ, YaYs) (®3,00 = B2,c-1) ]

18
-§[

a(vm YY) (Ry e = i ea) ]

Solv or regate mand ;

Adding equations (12) and (25) yields:

(A25) my,. +m B, = Aiye+ v b, - 261,



152

Substituting equation (31) into equation (A25):

(A26) b, = A(nle + yadb,) - 261,

and solving for i.:

(a27) I, - A (vide v yvilB) - Kb

Substituting equation (4) into equation (8), and equation (17) into

equation (21) yields:

(A28) a,, = cvile - 0TI, + &%),

(A29) a,, - eyl - oI, + éx,
Substituting equation (A27) into (A28):

(A30) a, .= cht.’c - '32% (Y:c + Yz?tlsc) + a%bn,c + ¢ny .

and substituting equation (A27) into (A29):

(A31) a,,, = cvale - % (y2le + Yx‘ft"’;—) + 2b, L+ L L
¢

20 = tth

Substituting equation (10) into equation (7):

Pa,e
P,

5

(A32) y,,.= (1-€)a, .+ (1-€y) g, . + €a; D, + €,G; 5, + 'l( pz,c)
.t

~n

Substituting equations (A29) and (A30) into equation (A32):

(A33) Yy~ (1‘0)[(0'%)}’1‘,': - %%Yz‘.’tﬁt + i%b-,t + ¢"1’.c]
+ e [(C“-;—g))’z‘.'cﬁc = %g}'ft + 'z%bu,c + 0"‘:.&5:]

+ (1-e,) g, + €,9; D¢
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Collecting terms:

(A34) y,.~- [(1-e)c - %8] e - [% - ec| yi!.B,

+ —z%b,,, + (1-e)éxy . + edn) .5, + (1-e,) g, + €,9;, D¢

Substituting equations (9) and (22) into equation (A36):

(A35) }'1., - [(1‘e)c - %] (yl.t + ’tl.t'lbl':t'l - tl.t)

- [%g - ec] (y,,g + Iz,c-xba‘.,c-i = tz.c)-ﬁt

+ —é%b-.: + (1-e)én’, + edn DS, + (1-e,)q,,. + €,9;, .5,

Solving equation (12) for t,, and equation (25) for tops and substituting

the resulting equations into equation (A35) yields:

(A36) y, .- [(1-¢)c - %%] (e * T eabfes — Gie = Iy eabi e * by
) [%3 B ec] (Va,e * T2 ecabdfier = Gae = Taerba,ecr * Bao)Be

+ —;e‘b-,t + (1-e)¢x) . + edx) D, + (1-e5)g,,. + €,9;, .0,

Collecting terms:

(A37) [20 - (-e)2ch « 20, ((1-e)c - .’2;3]:,,,_1 (bPe.s = by, poy)

+|1-ep - a-erc e Bla
+[a-oe- -’zig]b,_, + (1-€)Px’,

- s

e tec- A)r oy BEes - by L) B
+leg - ec+ 3, 8. + ec - S8)ea.5.

+ (‘2% nt * P2 D,

+
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Collecting terms:

(A34) y,,. - [(1'€)C - %g] vile - [%g - ec| yil B,

+ _z%b-.c + (1-e) ¢z, + edx] D, + (1-e,) g, + €59;, D¢

Substituting equations (9) and (22) into equation (A36):

(A35) y,,,e- [(1“)"' - %] (1,e * Iy, eabfer - £y,0)

-[2® _ ec (Va,e * T2, ccabe-r = 2, )8
[28 - «]

+ -z%b-,t + (1-e)4n), + edn; 5, + (1-€,) g, . + €., D,

Solving equation (12) for t,, and equation (25) for t,,, and substituting

the resulting equations into equation (A35) yields:

Ad
(A36) y, .- [(1‘e)c - 29] (y1.: + Iy eabfe1 - 91,6 - Iy eaby e * 1.:)
A
- [Tg - CC] (Yz,c + ra,:qbl‘:t-l = G2,e =~ Iz, eabz,e0 * bz.t)ﬁc

+ ':'?e‘b.,: + (1-e)¢x . + edn) S, + (1-€)) g, . + €,q; D,

Collecting terms:

(A37) [29 - (1-;2)2@ + M), -[-ec - %‘g £y o1 (BPey - by py)

+ r(1-e,) - (1-e)c + %]91,:

+ L(l-c)c - —;—% .t * (1-e)éx, .

e - 58] 5

(ec - %)rz.e-x (bl ey - by, y) B

+ (c, -ec+ %g)gz,gﬁc + (CC - %8)"2:5:

+ %}b.,c + edx; D,

+

+
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Solving equation (A37) for y,, gives country 1's aggregate demand as

a function of aggregate demand in country 2:

[ ((1-€,) - (1-€)c]120 + Ad
(438)  Ye = | @ 0020 A9 [9n¢

1-e)2c0 - A :
(1 f (;13) c) 20 ? Y ! (b ey - by, ,.,)

N (1-e¢)2c0 - 1 . [ (1-¢) 2c6¢ x®
(1 - (1-€)c)20 + APp| ¢ (1 - (1-¢)c)20 + Ap| *¢

[ 2ced - 1
| (1 - (1-€)c)20 + M,]—"z,eﬁc

(e, - ec)20 + A0
[ (1 -1(1-¢) c)zéT;mga.ds:

+

r (1 - (2;?2) ;)12% + AQJIZ.t-x (b, - by .,) 0,

2060 - 28 ‘ 2e40 .
* L (1 - (1-e)c)20 + AQ bz'cﬁ‘ +[ (1-(1-e)c) 26 + 1¢]“3,tpt
* ( ¢ b..t

[ 20 - (1-€)2cO + Ad

Equivalently, solving for Y2, in terms of y, yields:

[ [(1-¢,) - (1-€)c]20 + Ad
(A39) y,,.~ T (1 Z (1-€)c)20) + A a.e

 (1-€)2¢0 - Ad ] o
* | (1 - (1-e)c)20 + l¢lzz,:-1 (bz,c-z b),g—;)

(1-€)2c0 - A¢ (1-e)2 .
| (1 - (1-€)c)26 «+ A¢]‘b"= T (1re020+ 10]""‘
[ 2ced - A ] 1
T - (1-e1c120 + 2P >4 5,
(e, - ce)20 + Ad a1
T - (1-0 020 + 19 |71t 5,

+

2L

2“0 - 1 ] P -
’ [ (1 - (1-e)c)20 + Mb‘r‘"“ (Byle-1 = by, eq) B,
+ ._2ced - A¢ b, L
(1-(1-e)c)26 + A¢] ' B,

2€40 o 1
(1-€)c) 20 + A¢]""‘p'c

+[(1

+[20

: 1
(1-€)2c0 + A¢| ™t P,
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Substituting equation (A39) into equation (A38) yields:

2e - - -
(a40) vy, . -[1 - _A£] G+ (1 ¢)2§0 Ad b, , + (1 eA)z 0

[ J
Ty, e

2ech - A (e_ -ec)20 + A
+ C_A;Q b,, B, + g A ¢ G2, B + 2_?2 LIS -

* %bl.t . {12€) 24:0 —1¢ Iy, ey (BFey - b, ..,)

2ced -
+ —T)ﬁ I3, ¢-1 (bzx,’c-x - bz,c-z)ﬁt

. lzeﬁA— AQ] {(1 - _B%z)gz‘cpt . (1-e)2§0 - A;t b, B,

+ (1-3\)2Q0 xS, + 2ce6A- ) Yoo+ (eg-cc)Azﬂ + A

91,¢e

2ceb
C 2T b 2

(1-e) zie - A I3,e-1(bfes = by, . y) B,

+ MT-kQ Iy, ea (bFey - b1,c-1)}

xl‘.t + % b.,t

+

where:

A= (1 - (1-€)c)20 + A9

Next note the following:

1
(Ad1) I3, ¢e-1 (bg,;g-l - b3,3-1)p¢ b A(bz‘,’t-i .-.bz,t-l)pt

1+%;, ..,

C _ \ ( (4

- (i) p,,: 1 chz) (b ey - by,e.y)

. Pa,e J\ Pr,e)

€ \[nC c

= (i) ("":" p‘;’) "‘;“) (b%e-s - by, ¢y)
Pa,e ]\ Pr,e)\ P11
€ \[ A€

- (1,,) Pz;e-x h,:-x) (bP,., - b;,..,) )

, Pi,e-1 )\ Pi,e

= I, e (bl';t-l. - b:,g-;) ﬁg—;
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Thus (A30) can be rewritten as:

A

S N

A

4
1,¢

2 - ¢ , (e, - ec)20 + A ¢
+ ecﬂA A b;, B + = Ld 92,0 + 25\0 X2, O,

) l1-e)2 -2
+ %bl.t + (1-e) :6 L Ii,e (blfc-:. = bx,c-l)
+ 2_61%\_—_1@_ Iy,e-1(bfey - b,,¢-1) Be-y

<[22 {(1 - B_Z!)g“"‘ * (lué)zf —¢ b, 5,

+ (1—22&6 x2S, + 2ced - 1¢ v+ (e-€c)20 + A ]

A Le A

2
* %ﬂ b, + 2?0 "1..; + % b,,.

(1-e)2cO - Ad
A

+

I, e1 (b, - b,, 1) By

+ ZCE';A-& Iy, e (bfey - bl..t-l)}

Given that:

p 1
bfey = byy,er + by, ey Beys bile-y ® byy,ey + bz, e Tx
by,e.y ® byy, ey * Dygey * Dygeoqs byey ® bygey * Byyeg + bm, e-1

the term:

(1—3)2& - A
A

Iy, e-1 (bxfe-x'bx.c-z) + MT-AQri,e-x (bz':e-x‘bz,e-z)ﬂc-x

can be rewritten as:

l-e)2
(Ad3) %grx.c-z (bxet-l‘bx.t-l) + %‘gfx,c-x (bz‘.,cox'bz,t-x)pt-x

A

+ A L1 t-1Dnm, e-1

G1,e
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Likewise the term:

——MA_ A Iy, o1 (B eea=by,ey) + (I_C)z‘:e - A¢r1,c-1(bz,;:-i-bz,c-a.)ﬁe-z

can be rewritten as:

(Ad4) %e—e-fz,:-x (b e-1=by,¢y) + ‘(-I-LA)z‘Cﬁfx.c-z (b e1=by, 1) Bey

A
C R

lbl, t-1

Substituting equatipns (A43) and (A44) into equation (A42) yields:

2 - - -
(Ad5) Yi,e = [1 - —SA-£] Gi,c * (1 ¢)2Ke Ad bz,: . (1 C)Zﬁ ’tl..,c

- (e, -ec)20 + A e
+ ZG_CGA_LQ b,, LB, + - Cx . 92, P + ‘2%\@ LIPS 28

+ %bl.t + _(1-e+c0 Iy, e (bfey - b, ..,)

2
+ Tctﬂ Iy, ea(bfen - b,;,¢-1) Pe-y + 'A_'Agrz.c-xb-,cq

A
- - e_-ec)20 + A
L 1 ﬁz@ . ZchA Ad , L L& - + G

+ 2ceb b, .+ 2ceb *1.,3* % b, .

+ [ﬁ%&] {(1 - P%!)gz,cp'c » A1-€)2¢0 - 19 b,, P

A A
+ _(1'%"9 Iy, e-1 (bz’;c-l - bz.:-z)pt-l

+ _ZTC!G 11,3-1(b1,;t-1 - b1.c-1) + ')‘—Atrl,t-lbl-t"l}
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Combining terms and solving for y,, gives:

(A‘s) Yl,t - L(1 - _ziAa) + V( (e’ - CCA)ZQ + 10) ]% gl'c

(1-e)2c6 - Ad 1
+ A +V°]?b

L

+ L (1-229_0 . va_eﬂ H_, x5
(v~ (1-€)28 - 1) 1.3 b5

- 0+ 2
q (e, ¢c‘:2 ¢ . (1 ) 2e£) % 0. B

(20 .y 2028 | 2atp [ R @ W ] e

. [ g%& s v 2B L g (b - Bye)

[25R 0 v UIB L B - By P
b,

-1

[J"V—Q]Tjrxt-x

where:

v e 2c€0 - A9
A

A3 - (2ce0 - A)?

?-
AZ

Which can then be simplified to give:

e
ol1 - ——€
(A47) Y. (1 1- c+2c¢) Gi.e

. 20c(c-1+e-2ce) + Adp(1-2c+dce) b,,
2 (1-c+2ce) (c0-6-19)

, 208(c-1+e- -2ce) #l¢’(2¢ -1) e
2 (1-c+2ce) (c8-0-1¢) 1.8

e, Ad-2cebd
TToisce 93Pt * Z(1-cr2ce) (O-0-A9) by, oPe

& (Ad-2€Ad-2¢8) .
* STicoasee) (c0-0-1§) "2-Pe*

2c0 (c-1+e-2ce) +c(2erd-10) s
: 2 (1-c+2ce) (c0-6-19) Iy, e (bije by, .-,)

2(1('.-(:412-;3)‘(’:02—?-)14,) Ty e (Bfes = Baea) P

* 27 _l yYY) 3, e-1Pm, e1

bl. 1 4

(0-cO+Ad)
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This in turn can be written as in the form of equation (37) in the text:

Vi,e = AL Gi,e * A3 by, + Ay Ry, + Ay G, 0. + As by S, + A x;, D,
+A by, + Ay Iy, (bfey - by, ¢4)

P
+ Ay Iy o g (Dije-y = by, e 1) Doy + Ayg Xy, e1Dp, -1

where the coefficients A, to A, are defined in Table VI in chapter 1.

The solution process for Y2,¢ is the same as for Yi,¢ Thus, the

definitions of the coefficients are the same.



APPENDIX B

RESTRICTIONS ON THE NET BORROWING/LENDING STATUS OF THE TWO COUNTRIES

fhis appendix examines the nine possible combinations with respect
to the net borrowing/lending status of the two countries. Each
combination places restrictions on the bond holdings of either the central
bank, or of private individuals in the two countries. Based on these
restrictions, four of the combinations can be eliminated because they
require the bond holdings of the central bank to be non-positive, which
implies that the real money supply is non-positive.

The nine possible cases, as given in Chapter 1, Table VII, are:

(1) bfey=b;,;3 20 (bfea-b;,y)Bey > 0
(2)  bfea-b o3>0 (bfey-bye )P,y = 0
(3)  bfey-by o3>0 (bfey-byey)Bey <O
(4) bPfey-by,s.0 <0 (bfey-b, 3)Bey > 0
(5) bx':t-i"b1,c-1 <o (bzp,t-l'bz,cq)ﬁc-:, -0
(6)  bfey-byey <0 (bfey-by )by <O
(7)  bfea-byey =0 (Bfea-by )5y > 0
(8) bfes-by ey =0 (bfey-by o 3)By = 0
(9)  bPfey-by,ey =0 (bfey-b; . 3)B,y <O

If
b£t'1 = bj.t-l > 0

then country i was a net creditor in period t-1, and if

b[.,t—l - bi.t-l < 0

then country i was a net debtor in period t-1. As shown below, in the

model developed in this paper one country must be a net debtor. The other

160
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country can be a net creditor or be neither a net borrower nor a net

creditor. To show this, first note that:

(B1) bl‘.,t-l - bx,c-z - bn.c-x + bu,c-xﬁc-z - bu,c-x - bu,c-z - bu, t-1

1
= bn,c-alscd = bxz,t-: = ’z_bn.t-i

(B2) (bfey = by, ey)Bey = bz, e3Py * Dra,ecy = Doz, eaBes = Doy, e-1Beoy = Pom e

1
- bn,t-1 - bn.c-:."c-x = 'E'ba.t-l

Using equations (Bl) and (B2) each of the nine cases can be rewritten to

determine the restrictions on bond holdings.

ase
Rewriting: -
bf., - b,y >0 (by, ¢y - bfey)Bey > 0
as: 1
b21.c-115t-1 - bl?.t-l > 3b., t-1
~(byy p1Bey - bia p.y) > =b
21, e-1P¢e-1 12, ¢-1 2 POm -1

Both of these inequalities can only hold if b-'t_1 < 0. This implies a

negative real money supply. Thus, case 1 is not feasible.

Case 2:
Rewriting: p

bl’;t-i = b),c-x >0 (bz,:-x = b3 e-1) Dy = O
as:

1
bn,e-dst-x - bn,t-1 > Eb.. t-1

1
-(bZI,t-lpt-l - bxz,t-x) - ’z‘b-,t-x
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implies that:
P bzl.t-!ﬁt-i - b12,e—1 > ‘(bn.e-ﬁs:-x - bn.t-1)

-

by, e-1Be-1 > bya, e
This last inequality only holds if b'.'t,1 <0. Thus case 2 is infeasible.
Case 3;
Rewriting:
bl‘ft-l = by,e,20 (bz,t-1 = bZ‘.,t-l)ﬁt-l <0
as: 1
b21.t-1pt-l = baz.t-x > Eb-.c-a

"(b21.c-1§c—1 - blz.t-l) < %b-.eq

implies that:
1
(B3) '(bn,c-xﬁcq - b12,t-1) < ib.. e-1 < bn,c-xﬁcd - b1z. t-1

Since b..'t,1 must be positive, the inequality given by (B3) will only be met

if
b21,z-115c-1 > byz, e
Case &4;
Rewriting: »
b1,;t-1 = b1,c-1 <0 (bz.t-1 - b2-t°1)§t—1 >0
as:

1
bz1.:-1§c-1 - blz,t-l < ‘Eb-.c-x

1
'(bn,c-iﬁ:q - b1:.e-1) > _z'b-,c-z
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implies that:
(B4) (bzx,t-ﬂ’cd - b1z.c-1) < %b-, e-1 € ’(bzx,e-115c-1 - b12.c-1)

Since b-,t-1 must be positive, the inequality given by (B4) will only be met

if o
b1, e-1Be-1 € by, e
Case 5;
Rewriting: » .
by,e-1 = by,e-q €O (b;, ¢ = B e1) By = O
as.:

1
bzx,t-115t-1 - bxz,t-l < 'z‘b-,c-x

1
'(bn,:-dst-z - bxz,c-1) - ‘Eb-, t-1

implies that:
bn,:-ﬂs:d - b12,:-1 < -(bZI.t-lﬁt-l - bn,t-z)

-

b21, t-lﬁt-I < bl?. c-1

Qage § :

Rewriting:
& bfey=bye, <0 (by,e-y = bfey) <O

as:

1
bzx,:-llscq - bu,c-1 < Eb-,c-a

1
bn,c-115t-1 - bxz,:-x > “'i‘b-,c-x

implies that:

1 1
"fb-,e-z < (bn.c-xlst-x - bu.:-x) < '2‘b-, t-1
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Case 7:

Rewriting:
& bx‘,’col = b1,c-1 -0 (bz.t-z = bz’.‘tq)ﬁ:-x >0

as: 1
bzl,t-lﬁt-l - bla.t-1 - 3b-, t-1

1
‘(bu.t-ﬂ’c-z - b;z.c-x) > 3b-, t-1

implies that:
P '(bn.c-xp'c-z - bn,c-z) > bn,c-xp'cq - bxz.c-x

-y

bl?.t-l > b21.t-1§t-1

This last inequality only holds if bm't_1 <0. Thus case 7 is infeasible.

Case 8:
Rewriting:
b]ft-l = b:,c-: -0 (bz,:-1 = bz;:t-l)ﬁcq -0
as: 1
bz1,:-115c-1 - bu.t-x - "z‘b-, t-1
1
‘(bn.c-ﬂst-x = bxz,t-x) - 'z‘b-.e-x

implies that:
P bn,t-ﬁ’cq - bn.c-1 = ‘(bn.t-ﬂsc-x - bn,:-1)

byy,eaBey = big,en

This equation only holds if bm‘t_1 =0. Thus case 8 is infeasible.
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Case 9.

Rewriting:

bfles = byey =0 (b, g - BFey) <O

as:

1
b21.c-15t-1 = bﬂ,t-x - 3”-, t-1

1

2

'(b21,t-1p’c-1 - bn,c-x) < b-. t-1

implies that:
P '(bn,c-:.pc-x - bx:,t-x) < (bn.c-xﬁcq - bn,:-x

-y

by, 1By > bya, ey



APPENDIX C

SOLVING FOR EQUILIBRIUM INFLATION AND OUTPUT

This appendix uses the Aggregate Supply and Demand equations for
country 1 and country 2 to solve for the each country’s equilibrium
inflation rate and output level as given by Tables IX and X in chapter 1.

Country 1l's and country 2’'s aggregate supply equations are as

follows:

[ Y5 o
C1 - 1 - _
(€C1) y,,.-¥y - + & (Y175 - Y2¥o) (73,09 = ®2,e-1) ]
Y2

-y (R’ oy = |y eoa)
5"L & (Y175 - Yo¥) 1,t-1 1,6-1 ]

v [ Y o
c2 - L 1 -,
(C2)  y,,. 5. | «(Y1Ys - Y1) My, en 2,¢-1) ]
7 Ye "
ﬁg | a (7173 - 7374) (ul' &1 1:1, t-l) ]

where the coefficients:
Yl' YZ' Y3’ Yd

are defined in the text.

The aggregate demand equations for country 1 and country 2 are:

(C3) ¥,,e =4, G, +A b, + A Ry + A, 95,5, + A5 b, D,
+ A "g.tﬁc +A, by, +1i,, Y -m®m Y,

166
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1 1
(C4) y,,:=24, 9, +4 b+ A, e+ A, g1,t'I‘>~— + Ag b1.t'5‘
t ¢

1 1 .
+Agmy = +A b, , =~ +1,,Y,-xn, ..V,
pc pt

where the coefficients A, to A,, are defined as in the text, and:

Y1 - Aa(bfc-1‘b1,c-1) + As(bzec-sz,cq)ﬁtq + A1obm, t-1

Yz - Aa(bz‘?c—sz,cq) - As(b1‘,,t-1"b1,c—1) ( ~1 ) + Ambn. c-1(_l")
Db -1 ﬁt-l

Substituting equation (C3) into (Cl) gives Ny eq8s a function of the

pre-determined, exogenous and policy variables, and LOYR T

] (7173'7274) e
C5 - = ( A b A, A
(C5) Ty, -1 Y& (Y.Y.-7,70) * Yo ( 19, e+ A0y (A Tyt 492,&5':)

@ (Y,¥3-Y,Y,) .
Y a (Y,¥,-Y2Y,) + YaY (As 5, D+ AgRz, Dy+A,bp ¢ )

@ (¥,Y,-Y.Y,) Y. i -
— 1,.,"Y
Y, (Y,75-Y2Y,) + Ya¥ (Tite-amy)
L = [ YW e + Y, (“z,t-f”tz., ¢-1) ]

-
Y@ (¥,¥5-Y2Y,) + ¥a¥Y

Rewrite equation (C2) as follows:

g —. Yl o
(ce) - 1+ e
Y2,t Pt y | ¢(7173 - 7274) 2,t-1 2,t-1 ]
- I Ye (x g ) ]
Y L “(7173 - ‘yzy‘) 1,t-1 1,t-1
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This is done so that after substituting equation (C4) into (C6) all
the variables in the equation for %, , , are denominated in units of country

1’'s prices, as follows:

« (7173‘7274)
Y. 5. (Y,Y3-Y2Ye) + Y1V

] (7173'7274)
Y. 0,a (Y,¥:-Y2Ye) + Y1V

a (7173'7274) . —
— - (Y, i, .-
Y. 5.a (Y,7Y5-Y2Y,) + ny( 2lea7Y)

PO Yy -
Y,50.@ (Y,¥5-Y2Y) + Y.V

(C7) =y .y - ( A192,cﬁc*A2b2,c§t+A3“2’: P )

+

( Ag,,+AD,, e+ AT, e+&, by, ¢ )

+

e e
[71“2.1:-1 * Y (Mg, =T, en) ]

Substituting (C7) into (C5) to solve for LEIRRT the equilibrium

inflation rate in country 1, yields the result given on the next page:
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A [a®Y,5,(v17,-Y,Y,) + aY,¥] + Aay,y

| @?Y,Y,5, (Y,¥3-Y2¥.) + a¥(y,Y,+Y,Y,5,) + ¥? ]

A, [a?Y, 5, (Y,7,-Y.Y,) + ay,¥] + Aey,V

i @?Y,Y,5, (Y,Y5-72¥,) + e¥(y,Y,+y,Y,5,) + ¥? |

Ay [a?Y, 5, (v,Y5-Y.Y,) + ay,y) + Aay,y

| @Y Y5, (V,¥3-Y2v) + ey (v, Y, +y,Y.5,) + v?

A [e®Y,5, (v,7;-Y,¥,) + aY,¥] + Aay,y

| @*Y,Y,5, (Y,Y5-7,Y,) + ay(y,Y,+y,Y,5,) + y?

A [a?Y,5, (Y,1Y5-Y2¥s) + @Y, Y] + AeY,V

i @?Y,Y,5. (Y1¥3-Y2¥,) + ey (v, Y,+v,Y,5,.) + y* |

A [a?Y,5,(Y,Y5-Y,Y,) + ay,y] + Aay,y

i @?Y,Y,5, (Y:1Y3-Y2Yd) + ey (1, Y, +y,Y,5,) + 2 |

a?Y, 5. (¥,Y:-Y,Y,) + av,V + ay, ¥

| a?Y, Y5, (Y,Y5-v.¥) + ay(y,Y,+y,Y,5.) + y? )

a?Y, Y, 5, (v,Y5-Y2,¥,) + aY v,y + aY, 5.y,

@?Y, Y, 5, (Y,Y5-Y2¥,) + ey (Y, Y, +y,Y,5,) + y? |

y(av.Y,5. +¥)

i a?Y, Y. 5, (Y,Y5-Y.¥) + ey (y,Y,+y,Y,5,) + ¥* ]

ayy,Y,5,

| @®Y,Y,5, (Y,Y5-Y2Y.) + ey (v, Y, +y,Y,5,) + ¥* |

ey (aY,5,(Y,¥3-Y2Y,) *+ Y.V + ¥.9)

i a?Y,Y,5,. (¥,7,-v2.¥) + ey (y,Y,+y,Y,5,.) + ¥* |

91,¢

e
T2, -1
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Equation (C8) gives equilibrium inflation in country 1, with all
variables deflated by country 1’s price index.
In order to calculate country 2's equilibrium inflation rate, with
all the variables deflated by country 2's consumer price index, it is

necessary to multiply both sides of equation (Cl) by (1/p):

L£)

(c9) 1
| * a(Y1Y3 - Yng

) ("3, 61 - T e-1) ]

Y2
@ (Y,Y; - ¥2Y,

) (R, ee1 ~ Ty e-1) ]

Now, substituting (C3) into (C9) to solve for M, ..q 8s a function of the

pre-determined, exogenous and policy variables, and LOWRE yields:

(c10) =, ., = 'g @ (¥a¥57¥a¥) = (&gz,cﬁi + Azbl.:'}— + Aa"l‘.:é)
=2 a(y,Ys-YaYl) + '73'145Z ¢ Pe Pe
3 3

a(Y,¥3-Y2Y,)
Y —
BT+

1
(As"‘l.. ¢ B, +AGg;, e t Asbz,c)
t

* ¥ @ (11Y37¥a¥4) = (As’tze,: + Arb-,tisl— + ';'—11::-1 - 3}7)
it § - y t t t
ﬁ:“”‘y’ Ya¥) + Y3 5.

z
+ Pe — [Y3%y e + Y2 (%3, ey - T3 e-1) ]

-
=@ (V173-Y2Y) + Ys'g‘
t Pe

Likewise substituting (C4) into (C2) gives 'z,t-‘l as a function of the pre-

determined, exogenous and policy variables, and Tye-1°



171

a -
(Cll) ﬂz't_I - (7173 Y?Y‘) - (AIQ'Lt + A,bz,c + A3ﬂ;,t)

Y& (Y,¥3-Y2¥d) + '71'15-L
t

«( - )
Ya¥s7¥a¥s - (Adgl,tp% + Asbl.tfpé * A‘“;'t%.)
Yoo (v173-Y2Y,) + 711‘5[ ¢ ¢ ¢
14
a (Y,Y3-Y2Y4) 1 . v
+ L -z (A'lbl,t—p-— + Yzlt-l - "1'3-&
Yoo (v1Y5-Y2¥d) + ¥, 5 ¢ £
[
2
D e e
+ — [Yﬂ‘z,:q + YRy e ’-’1.:—1)]

Yoa (Y,75-Y2Y) + 71}‘5&'
t

Substituting equation (C10) into (Cll) one can solve for LOYRE the

equilibrium inflation rate in country 2, as given below:

A, (07,2 (YaYsYa¥y) + avs Ll + Ay L

¢ ¢ ¢

a®Y, =Y, (Y,¥3-YaYe) + e (v,Y, 5 +Y,Y;) + 'ﬁ‘
t t t

2
t -

-

A, a“&%t (Y1Y3-Y2Yd) + “Y:‘X' + As¢7¢'§xt

+ P, b.
1 v 1 2
@Y, =Y, (v,¥5-Y27,) + a—g’-(hYl—mYz) +
t ¢ t t |
r L _ _
A, Icer— (Y1¥3-Ya¥d) + av;-pl] + Asan-;s&
+ t — [4 [4 = “2.’:
¢2Y1'1.‘Y2 (Y1¥1-Y2Ye) + «-L (71Y1i"‘73Y2) + "Lz
t b, t De |
- - h
A, I“zYx—l‘ (Y,Y3-YaYe) + “Y:'ﬁxl + Az“?c"ﬁx 1
. t t ¢t g:.,c’F
[ 4

= =2
¢2Y1_1‘Yz (Y,73-Ya¥e) + «-L (Y1Y1'i“73Y;) + -'Y—z
¢ ¢ ¢ Bt |
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A [azsz-it (Y1Y3-YaYe) + “Ys—éi] + Aa"hp»lt

— 1,¢
“WI’%:Yz(Yle'YzY() + u—’ic(n 15T ¢ L B

c o

A ["""Y:li (Y1Y3-72Y,) + “73"&] + A;¢Y4i
B B,

Se tl."‘ﬁi
“2Y1_Y (Y1Y3-Y2Y,) + “"z‘ (nyxp +Y,Y,) + ‘Lz i
t o
(azYl;;: (7173-"274) + aY3-§L + “Y‘-ﬁxg) A‘l b :i
= =,
CZYJ,%Y: (Y1Y3-YaY,) + “"ﬁ‘& (Y:.Y;p- +Y,Y;) + 'p% b
2Y1FY (Y1Y3-v2Y,) + “Y273’ﬁ£ + “YIE'“-I% i
t-1
“2Y1‘—th (Y1Y3-727 ) + “%(Y1Y1p' +7,Y,) + ‘p,L:
J 1,7
5. ((174 lﬁc + B, ) “l.c 1
= e
“2Y1"~—sz(‘!173 “Ya¥d) + “'L(YxYxi"'YsYz) + 'Lz
ﬁ; t ﬁt
Y ooy 1
alsc Y1 15, o

vy e
'L(YJ.YIL + YJYz) + Y-

a?Y, -1y ( - ) + a
1 . 2 7173 7274 pt . 5:

“"’% ("Y1I)-i (Y1¥3-72Y,) + _p_l (73+74))

=
p LY, (¥,¥5-va¥0) + a-g—(le,—w, )+ }Zsf
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All real variables in equation (Cl2) are deflated by country 2's
consumer price index.
Substituting equation (C8) into (C3) and combining terms gives the

equilibrium output equation for country 1:

(c13) y1't - A1 [01 - ¢2Y1Y2§3(7173-YEY‘) - Ylayli] - A‘aYlyzﬂ gllt
1
(A, [Q, - «®Y,Y,5,(Y,Y5-Y.Y,) - Y,ay,y] - AaY,y,¥]
+ o) b,,.
1 -
. [4,[Q, - «®Y,Y,5,(y,Y:-Y2¥,) - aY,y,¥) - AaYy,¥] .
o) 1,¢
! 1 ]
. AR, - a®Y,Y,5,.(Y,Y5-Y,¥,) - aY,y,¥] - AaY,y,7]
51 92, D¢
rAs (Q, - ¢2Y1Y215c (Y1Y3-Y2Yd) - aY,y,y) - Az“Y:;Yzy-
+ a, b,, B
As (Q, - ¢2Y1szc(7173'727c) - aYzYﬂn - A3¢Y1Yzy- o
+ Q “z.cﬁc
L 1 ]
[Q, - «®Y,Y,5,(Y,Y5-Y,¥,) - aY,v,y - aY,y,y b
+ { 01 A" m,t
+ Y,Q, - ¢2Y§Y215c(7173‘7274) - “Yiﬁ}-'.‘ aY,Y,5.v.y {en
Q, -
) i Y1}7(¢13Yzﬁt + }7) ] e
Q 1,¢t-1
i 1
[ aY, Y. 5.7, ] o
B O Y K2, ¢t
| 1

+ ¢Y1}7( aY, 5. (Y,Y,-Y2Y,) + }7(71"'72))
Q,
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where:

Q, - «?Y,Y,5, (Y,Y5-72Y,) + ay(y,Y,+y,Y,5,.) + y*
Making use of this definition of fl,, equation (C13) can be simplified

to arrive at the equilibrium output equation for country 1, as given in

chapter 1:

A lay,Y, B,y *’_3’1] - AaY v,y

(C14) yl,t - 01 gl.t
. |2 lev; Y8, + 72] - AsaY,y,y b
Ql 1,¢t
+ A3 [CY3Y2ﬁtY—"' }-;2] - A5¢Y1Yz37 ’te
o 1,t
| 1 )
A, lay,Y,5.7 + 7] - AaY,y,7) ~
+ |2 31DV o 1% X,Y2 ;. Be
[ [ay.Y "+}72]-A¢Yy}7.
+ As 3 Jty 61 2 12 bz.oﬁc
- — ﬂ _ —.
. | As LYY 5.y *ﬁ}’ ] - AeY,y,y x5 B,
1 )
v, Y, 5.7 + 7 - aY,y,7
+ 73 27t Ql 12 A,bﬂot
REIAS AN TRARR OGN
Q, 1ea

[ YJ(“EYJ: "E .y
a, 1,t-1

[ ST |z,
L g, a

+ aYlﬁ “Yzﬁc(7173'7274) + ?(Y]f"?z))
Q.

1
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Substituting equation (C12) into (C4) and combining terms gives the

equilibrium output equation for country 2:

A (Q; - a?Y, 1Y, (1,9,-15¥) - oy, Y, L | - Ay, Y, L
(C15) Ya,e ™ £ Qz £ 92,¢

4, |9; - “2Y1—1—Y2 (11¥3-Y2Y,) - ey, Y, 2| - Ajay,Y,-L
. B, £ “ | by,

>
“w

[ o]
»

]

¢2Y1"1—Y2 (Y1Y3-YaY) - ay,Y £ - Agay,Y £
t ¢

[ ]
X2, ¢
Q, ]

A (Q; - ‘le‘ya (¥1Y3-72Y,) - “'7372'1'% = Ax“'hYz'ch 1
+ 02 J gl'th
A |Q, - ¢W1%Yz (¥1¥3-72Y,) - “YsYz'bL - Azuy‘Y,-ﬁL 1
. : : ¢ | by L
i Q, ) Pe
A(Q, - a?Y, 1Y, (v,75-7,1) - av,Y, £1 - Aav,Y, 2 L
+ ¢ ¢ t | ne,-L
Q, " B
nz - ¢2Y1ith (7173-7276) - ¢73Y3-ﬁx; - ¢74Ya-§% 1
+ nz Albl,t?c
Y.Q, - "zYxp-iYg(‘hY:'YzY‘) - “Yg’h% - “Yxiyﬂc‘ﬁz
+ t Q t t t 'it-l
2

7 1.,.x
p-t Y2 (‘Yl YI ﬁt + pt ) “.
L Tz 1,¢-1

-pxc ay,Y, pith
03

[ ]
®2,¢-1

“'ﬁ% Y, (“Yr%c (Y1Y2-Ya¥e) + -}5.'&, (73*74))

2



where:

2 Y
Q, - “2Y1LY2 (Y1¥3-Y2Yl) + «-L (Y, —=+7,Y,) +
¢ ¢ ¢

176

—

A
2
3

Making use of this definition of f},, equation (C15) can be simplified

to arrive at the equilibrium output equation for country 2 given in the

text, as shown below:

A, (‘Yz -1%--1'52 + ‘%) - Ac“YAYz‘ﬁz
(Cc16) y;,.~- a = | 92,¢
2 d
| Az(cy‘ll_z + .2)-A$¢1Y y
1 lpt ﬁ: ﬁt 4 15
+ o) b,
2 4
Y 1y .7 Y v
+ -
. (“71 1 pe B, IS:) Agay, 35, o
2,t
l Q,
A (ain-z + E)-AayY-z
. 4 1 lpt ﬁc ﬁt 1 4 Zﬁt i
nz gl,tpt
1y ,¥7). v
. AS (“71 1 ﬁt ﬁt + ﬁt) A:“Yng ﬁ b1 _1—
02 .c§
A‘(ale_z + 2)-3‘;7?.2
. 1 lﬁt ﬁc ﬁ 3 4 2§t R t_i
0, B,
[ ¢7Yi.z +.X_i -ayY-z
. 1 lﬁt ﬁ pt 4 Zpt A',b i
n: .,Cpt
v va
av,??;v,ﬁ (¥:-v) + Y,-L:
+ 02 1c—1
. -LYQ (¢74Y-B: + -pzc) e
n 1,¢t-
2
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Y, . continued:

y 1
'ﬁ% ay,Y, Eyz
Q,

+

[ J
X2, ¢-1

“'ﬁ% Y, (‘Yaﬁit (Y173-72Y,) + B, (73*74))
Q,




APPENDIX D

COMPARATIVE STATICS

This appendix uses the inflation and output equations for country 1
(Chapter 1, Tables IX and X), to derive the signs of the comparative
statics given in Chapter 1, Tables XI and XII.
Effect on inflation of a change in one of the exogenous variables,

The denominator of each coefficient is ﬂ.' Given that Yz, Y,, @, v;,
and § are positive, the sign of the denominator depends upon the sign of
the term (Y473 - yzy‘).

Determining the sign of (1113 - yzy‘):

YPy,e-1 * (1-Y)D3,e-1 )\ YP2,e-1 + (1-Y)DPy, ¢y

( (1-Y)p;, ¢y (1-Y)Dp, -y
YDy, ey * (1-Y)D3,ec0 )\ YP2,e-2 + (1-Y)Dy, ey

(YaY3 = Y2¥) = ( YPy,ca )( YPs, e-s )

- (2Y - 1) Py, e-1 Pa,en
(Yp1,c_1 + (1‘Y)P3,¢-1) (sz,c-g + (1'Y)p1,g-1)

Since ¥y > 1/2 this term is positive. Therefore, the denominator of each
coefficient is positive. Determining the sign of the coefficients on the
exogenous variables in the inflation equation thus, becomes a matter of
determining the sign of the numerators of these coefficients.

Since (v,v3 - v,v,)>0, the signs of the numerators of the first seven
coefficients in the equilibrium inflation equation for country 1, depend
upon the signs of the aggregate demand coefficient§ (A; through A;). These

seven coefficients are examined below.
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a) Real expenditures by the government of country 1:

A, [a®Y,5,.(Y,Y5-Y;¥,) + @y, 7] + A ey,
Q,

Since Ay > 0 and A, > 0 the numerator is positive. Thus an increase

in own government expenditures will increase inflation in country 1.

b) Bond issues by the government of country 1l:

Az [azyaﬁt(Y:LY;_YzY‘) + ¢Y]_7] + As‘Yzy_
Q,

As; < 0 but A, may be positive or negative. 1If A, < 0, then the
numerator is negative. If A, > 0 then the sign of the numerator is

indeterminate. This result follows since |Ag| > A,.

c) Inflationary expectations in country 1:

A, (@Y, 5. (Y,Y3-Y2Y) + &Y,V ] + Agay,y
Q,

Ay > 0 but A, may be positive or negative. If A, > 0, then the
numerator is positive. 1If A, < 0, the numerator is also positive. To

prove this note that if:

(D1) Aay,7 > Ay,y

then the sign of the numerator is positive. Given that y > 1/2 it follows
that y, > yv,. It also true that A; > |A;|]. Thus the inequality given by
(D1) holds. Therefore, an increase in inflationary expectations in

country 1 will increase inflation in country 1.
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d) Real expenditures by the government of country 2:

A [a?Y 5, (Y,Y5-Y,¥,) + ay, 7] + Aay,V
Q,

Since A, > 0 and A, > 0 the numerator is positive. Thus, an increase
in government expenditures by country 2 will increase inflation in country

1.

e) Bond issues by the government of country 2:

A [a?Y, B0, (Y,Y5-Y,Y,) + @y, 7] + Aay,¥
Q,

Ag < 0 but, as noted above, A, may be positive or negative. If A,
< 0, then the numerator is negative. If A, > 0 then the sign of the
numerator is negative 1if:

(D2) Agay,V > Aay,y
As noted above y, > yv,, and since |Ag| > A,, the inequality given in (D2)
does hold. Thus, an increase in bond issues by country 2 will decrease

inflation in country 1.

f) inflationary expectations in country 2:

AG["zszt(7173'YzY4) + “'71}7] + A;“Yz?
Q,

Ay > 0, but A, may be positive or negative. If Ay > 0, then the
numerator of this coefficient is positive. If A, < O then the sign of the
numerator is indeterminate. This follows since Ay > |A;]. Thus, an
increase in inflationary expectations in country 2 will increase inflation
in country 1 if A, > 0, but the effect on inflation is indeterminate if A,

< 0.
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g) Bond holdings of the central bank:

»

A.,[azY’ﬁt(YIY3-sz‘) + ‘Yl?’ “Yz}’—]
Q,

Given that A; > 0 an increase in bond holdings by the central bank
lwill increase inflation in country 1.

The remaining four coefficients do not contain aggregate demand
parameters. The signs of the numerators of these coefficients are all

positive as shown below:

h) last period’s nominal interest rate:

a’Y,Y,5.(Y,Y3-Y2Y,) + aY,v, 7 + aY, 5,7,
1

Since (v,v3 - yzy,.)>0 the numerator is definitely positive. An
increase in last period’s nominal interest rate will increase inflation in

country 1.

1) last period’s inflationary expectations in country 1l:

v (“YJYJC +y)
Q,

All the terms in the numerator are positive, thus, an increase in
last period’'s inflationary expectations in country 1 will increase

inflation in country 1 this period.

jJ) last period’s inflationary expectations in country 2:

ayy,Y,5,
Q,
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The numerator is positive as all of the terms are positive. Taking
account of the negative sign attached to this coefficient, an increase in
last period’'s inflationary expectations in country 2 will decrease

inflation in country 1 this period.

h) constant term

ay [aY, 5, (Y,Y3-Y,Y,) + Y.V + Y27 )
Ql

Since (vq4v5 - yzy‘)>0 the numerator is positive. Taking account of
the negative sign attached to this coefficient, the constant term is thus

negative.

ect on output of nge e the e varjable
The denominator of each coefficient is!y. As shown above, this term
is positive. Thus, determining the sign of the coefficients on the
exogenous variables in the output equation becomes a matter of determining

the sign of the numerators of these coefficients.

a) Real expenditures by the government of country 1l:

A lay,Y, 5.y + y* ) - AaY,y,y
Q,

Ay > 0 and A, > 0. Given that >, Y3>v,. If
(D3) YB5.>Y,
then the numerator is definitely positive. A necessary condition for the
inequality in (D3) to hold is for country 1 to have had a larger current

account deficit last period than that of country 2. A sufficient
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condition is that country 1 was a net debtor and country 2 was a net
debtor last period.
If this the inequality given by (D3) does not hold then a sufficient
condition for the numerator to be positive is:
(D4) A,y > Aay,Y,

Making note of the fact that A,~(1-A,), (D4) can be rewritten as:

- 1-
(DS) y»> Af‘ayzY,

the terms: 1‘;A1 and y, are both less than one. Thus, the inequality given
1

by (D5) can be reduced to:

(D6) ¥ > aY,

Substituting the expression for Y, in (D6) yields:

(D7) 7> @l(2A,,-Ag-Ay) by oy + (Ag-Ag) (byy, ey Be1=D1z,¢0) ]

Since, as shown in appendix B, b,, . ,5,, 2 by, .., ,» the inequality given by
(D7) can be reduced to:

(D8) y > 2a (Am‘A,) (bn,t-x'bm,c-x)

This condition should be met as long as a is not too large. Thus  an

increase in own government expenditures will increase output in country 1.

b) Bond issues by the government of country 1l:

Alay, Y, 5,7 + ¥* ) - AaY v,V
Q,

Ag < 0 but A, may be positive or negative. If A, > 0, then the

numerator is positive. If A, < 0 and country 1 was a net debtor while
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country 2 was a net creditor last period then Y, will be large relative to
Y,. In this case the sign of the numerator is likely to be negative. If
A, < 0 and country 1 was a net creditor while country 2 was a net debtor
last period then Y, will be large relative to Y,. In this case the sign

of the numerator is indeterminate.

c) Inflationary expectations in country 1l:

A, [ay, Y5,y + ¥2 ] - AaY v,y
Q,

Ay > 0 but A, may be positive or negative. If A, < O, then the
numerator is positive. If Aj > 0, since Ay > |A;]|, the numerator will be
positive if the inequality given by (D8) holds. Therefore, an increase in

inflationary expectations in country 1 will increase inflation in country

1.

d) Real expenditures by the government of country 2:

Alay, Y, 5.7 + 72 ] - AaY v, ¥
Q,

Since A, > 0 and A, > 0 the numerator is positive. If country 1 was
a net debtor while country 2 was a net creditor last period then Y, will
be large relative to Y,. In this case the sign of the numerator is likely
to be negative. If country 1 was a net creditor while country 2 was a net
debtor last period then Y, will be large relative to Y,. In this case the

sign of the numerator is indeterminate.
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e) Bond issues by the government of country 2:

A (ay, Y. 5.y + 72 1 - AaY,v, 7
Q,

Ag < 0 but A, may be positive or negative. If A, > 0, then the
numerator is negative. If A, < 0 then since |Ag| > A,, if the inequality
given in (D3) holds, the numerator is negative. If this inequality does
not hold, then a sufficient condition for the numerator to be positive is

given by (D8).

f) inflationary expectations in country 2:

A@[“Y;;Yzﬁt;;* v - A3¢Y1Yz;;
Q,

Ay > 0, but A  may be positive or negative. If A, < 0, then the
numerator of this coefficient is negative. If A, > 0, then since Ay >
|Agl, then the sign of the numerator is indeterminate. If country 1 was
a net debtor while country 2 was a net creditor last period then Y, will
be large relative to Y,. In this case the sign of the numerator is likely
to be negative. If country 1 was a net creditor while couhtry 2 was a net
debtor last period then Y, will be large relative to Y,. In this case the

sign of the numerator is indeterminate.

g8) Bond holdings of the central bank:

A—,[‘Y;Yzﬁy* y* - ¢Y1733—'.]
Q,

Given that A, > 0 if the inequality given by (D3) holds then the

numerator 1is positive. If this inequality does not hold, then a

sufficient condition for the numerator to be positive is given by (D8).
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h) last period’s nominal interest rate:

aY, Y. 5.7(Ys-v,) + ¥V

Q,

Since ¥>¥, the term (73- 12)>O. This ensures that the numerator is
positive, so an increase in last period’s nominal interest rate will

increase output in country 1 this period.

i) last period’s inflationary expectations in country 1:

v Y, (ay,Y, 5, + V)

Q,

All the terms in the numerator are positive. Taking into account
the negative sign, an increase in last period’s inflationary expectations

in country 1 will decrease output in country 1 this period.

jJ) last period’s inflationary expectations in country 2:
ey v,Y,Y,5,
Q,
The numerator is positive as all of the terms are positive. An
increase in last period's inflationary expectations in country 2 will

increase output in country 1 this period.

h) constant term

aY, 7 (aY,5.(Y,Y3-Y2Y,) + Y.V + Y, 7]
Q,

Since (yqv; - ¥,Y,)>0 the numerator is positive, thus the constant

term is positive.
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