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Abstract

This paper develops a monetary-fiscal game which stresses the im-
portance of international spillovers and introduces a double (monetary
and fiscal) credibility problem. Models that neglect the inability of
fiscal policymakers to commit will tend to underestimate the welfare
cost of structural distortions. Due to international spillovers, stochastic
shocks may be relatively costly in welfare terms, despite the contribu-
tion of policy surprises to finance such shocks. The second part of the
paper studies the welfare consequences of the monetary union. It is
shown that the welfare impact of EMU for Europe is ambiguous, but
that EMU is welfare-improving for the US.
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1 Introduction

Economic and monetary union (EMU) in Europe has raised several concerns.
One concern, which has been voiced in the United States in particular,
that the rest of the world will suffer, either because Europe will become
more inward-looking (‘Fortress Europe’), or because Europe will start to
behave in a more self-confident manner on the world stage, making use of
its increased bargaining power in order to reap a larger share of the benefits
of international coordination. Therefore, it is of interest to evaluate the
welfare consequences of EMU, not only for the euro area itself, but also for
third countries. This paper does not presume that Europe will become more
inward-looking and/or more self-confident, but analyses the implications of
the essence of EMU: the joint determination of monetary policy in Europe.
Clearly, if a subset of policymakers start to make joint decisions, as in the
European Central Bank (ECB), this may affect economic variables and the
decisions of other policymakers.

The model in this paper specifies a policy game involving central banks
and fiscal authorities. The policy game takes place in a world of three coun-
tries. Monetary policy is determined by independent central banks. Initially,
both monetary and fiscal policy are determined at the national level in each
country. Then two of the three countries decide to form a monetary union.
This leads to a situation of a union-wide monetary policy and decentralised
fiscal policies set by the member states of the monetary union. The third
country does not participate in the monetary union, but is large enough
to have a substantial influence on the economy of the monetary union. I
investigate how the strategic interactions between policy makers, and the
trade-offs they face, are affected by the start of the monetary union. The
supply function, which is based on Martin (1997), stresses the importance of
cross-border spillovers. I extend Martin’s basic model in a number of ways.
The model consists of three rather than two countries, fiscal authorities are
explicitly modeled, I allow for structural distortions and commitment prob-
lems and I provide a (simple) behavioural motivation for the supply curves.
The first two extentions make it possible to consider the interactions between
monetary and fiscal policymakers and between EMU participants and third
countries. The other extensions allow me to conduct a meaningful welfare
evaluation.

For the welfare evaluation, this paper uses a framework developed by
Beetsma and Bovenberg (1999b). This framework is particularly useful to
assess the welfare cost of structural distortions and unanticipated shocks.
My assumption that fiscal policymakers cannot commit and the focus on



international spillovers in my model add new dimensions to their analysis.
First, it turns out that the inability of fiscal policymakers to commit leads to
an upward bias in the expected tax rate. Since output is more responsive to
the expected tax rate than to a tax surprise, the upward tax bias increases
the welfare cost of structural distortions. The implication is that models
that neglect the fiscal commitment problem will tend to underestimate the
welfare cost of structural distortions. Second, it is shown that the foreign
policy response to unanticipated shocks leads to international spillovers,
which enhance the need for policy adjustment in the home country. Thus,
the foreign policy response to unanticipated shocks increases the welfare
cost of these shocks. This stresses the importance of international policy
coordination, in particular in the aftermath of unanticipated shocks.

The welfare consequences of EMU for Europe are ambiguous. The intu-
ition is that intra-European spillovers in monetary policy are internalised.
The ECB still has an incentive to conduct a beggar-thy-neighbour policy
against the United States, but (unlike national central banks before) not
within Europe. This reduces the monetary credibility problem in Europe
and thus leads to a lower inflation bias, which is welfare-enhancing. At the
same time, the euro area authorities lose a policy instrument (the possibility
to have different monetary policies in individual euro area countries). This
makes it more difficult to attain policy goals, which is welfare-reducing. The
welfare impact of EMU on Europe depends on which effect dominates. In-
terestingly, and contrary to public fears, US welfare should improve as a
result of EMU. The reason is that the United States authorities, unlike the
euro area authorities, do not lose a policy instrument, while under EMU
they suffer less from European beggar-thy-neighbour policies than they did
before.

The remainder of this paper is organised as follows. In the next sec-
tion, I develop a framework for welfare evaluation. I do this by specifying
a two-country model for a policy game involving central banks and fiscal
authorities. The model stresses the importance of international spillovers.
When negative supply shocks occur, countries compete for economic activ-
ity through tax cuts and surprise inflation. The analysis takes into account
that both monetary and fiscal authorities face a commitment problem. The
two-country set-up facilitates an easy intuitive interpretation of the results.
In section 3, the model is extended to a three-country version and opti-
mal policies under floating rates and EMU are derived. The framework is
used to evaluate the welfare consequences of monetary unification. Section
4 concludes.



2 Benchmark case: A two-country model

In this section, a two-country monetary-fiscal policy game is developed.
Apart from being theoretically interesting in itself, the two-country model
serves as a benchmark for the analysis of the impact of EMU, using a three-
country model, in section 3.

2.1 Output

The world consists of two identical countries. Each country produces a single
good and purchasing power parity is assumed to hold. The model focuses
on the short run. Output is a function of labour input only. Supply per
capita (in log per capita terms) is derived in Appendix A:

y1 = —kt] — (w1 —p1+t1—1]) + (wa —p2+t2—15) +e1, (la)
yo = —kt3+ (w1 —p1+t1 —t7) — (w2 —p2 +t2 —15) +e2, (1b)

where y; is per capita output, w; is the nominal wage, p; is the general
price level, ¢; is the rate of a distortionary output tax, t{ is the expected
output tax rate, k (> 2) is a constant and ¢; is a random supply shock, with
Ee; =0, Var(e;) = 02, Eeiej =0, fori,j = 1,2, i # j.!

The following is a simple motivation for the supply functions in this
paper. Firms are perfectly competitive. The representative firm is a multi-
national company with production sites in all countries. The firm’s decision
with respect to output is determined in two steps. In the first step, the firm
hires the number of workers in each country which will maximise expected
total firm profits. Once contracts have been signed, workers cannot be laid
off, nor can more workers be hired. This implies that after firms have hired
workers, they cannot adjust the scale of total worldwide production. The
second step is that, after shocks have occurred and policies are set, the firm
can relocate workers among countries. Firms can relocate their production
from one country to another and will choose to increase production in the
country that has a lower real wage and output tax rate. This motivation
captures the notions that countries compete for economic activity and that
firms are less flexible in the short run than in the long run (although the
model does not formally distinguish between a short run and a long run).

! As shown in Appendix A, output is more responsive to the expected tax rate than to
a tax surprise. In order to reflect this, it would be sufficient to assume k& > 1. However,
due to the chosen normalisation of the three-country model in the next section, it will be
required to assume k > 2 there. The latter assumption will be used throughout the paper.



The above functions for supply per capita have the following character-
istics. First, output is negatively correlated with the real wage rate (i.e. a
money surprise) and a tax surprise in the home country. Secondly, output
is positively correlated with the foreign real wage and a foreign tax surprise.
This is how international spillovers enter the model. Finally, output is nega-
tively related to the domestic expected tax rate. Output is more responsive
to the expected tax rate than to a tax surprise. The reason is that workers
are hired at an early stage, so that firms are locked in to a certain total
supply level (but not to the production location) before taxes are set. Firms
lose a degree of freedom between the moment they form expectations on the
tax rate and the moment that tax surprises realise. Intuitively, firms are
more responsive to the tax environment before they have made substantial
investments than after they have done so. In other monetary-fiscal mod-
els, taxes enter the supply function, but foreign variables and the domestic
expected tax rate usually do not.

Workers set the nominal wage such as to achieve a target real wage.
After substituting the optimal wage rule (w; = p§, see Appendix A), we find
the following equations for supply per capita:

y1 = —kti+(m —75 —t1+1t5) — (me— 7§ —ta+15) +e1, (2a)
y2 = —kt§—(m — 75 —t1+t)+ (m2 — 7§ —ta+15) +e2, (2b)

where 7; is the increase in the general price level, i = 1, 2.
In the absence of tax distortions and shocks, y; = 0 in a rational-

expectations equilibrium. Expected output is affected only by the expected
domestic tax rate. The second and third terms of the supply function indi-
cate that a money surprise (m; # 7¢) and a tax surprise (¢; # t$) can be used
by the authorities to induce a shift of economic activity from one country to
the other. Note that total per capita worldwide output only depends on the
average expected tax rate and shocks. The simplifying assumption that the
world supply curve is vertical is made since, in this paper, I want to focus
on shifts of economic activity, not on the possibility that policy surprises
may be used to increase world output.

I allow not only for tax distortions, but also for non-tax distortions. The
latter may be due to, for example, union control over the labour market or
monopoly control over commodity markets. The first-best level of output
(i.e. output with neither tax nor non-tax distortions) is denoted by y (> 0).
Because the equilibrium level of output in the absence of tax distortions has
been normalised to zero, y; is also a measure for non-tax distortions.

This paper looks at supply shocks only. Supply shocks pose a bigger
dilemma for central banks in terms of the trade-off between inflation and



output than demand shocks. This means that supply shocks are the more
interesting case. Moreover, Bayoumi and Eichengreen (1993) find empir-
ically that international spillovers on the supply side are more important
than demand spillovers.

2.2 Policymakers

Fiscal authorities set taxes and spending in order to minimise:

LFA = S =l 4 olo — g =12 ()
which corresponds to the loss function of society. The preferred inflation
rate is normalised to zero (i.e. m7 =0, i = 1,2), and the output target is
equal to its first-best level y. The government spending target, g, can be
interpreted as the optimal share of non-distortionary output to be spent on
public goods if sufficient lump-sum taxes are available. The parameters
and ¢ (>0) indicate the relative weight attached to the different policy goals
by the government.

I will assume that ¢ and ~ are equal across countries. However, the

targets y; and g; may differ across countries.?
The government budget constraint is:>
gi =t +um;, =12 (4)

where p (>0) represents the (constant) ratio of real money holdings as a
share of the first-best level of output in equilibrium, i.e. in the absence of
distortions and economic shocks.*

When adverse shocks occur, each government has an incentive to inflate
away the domestic real wage and to cut taxes in order to import jobs and
production from the foreign country (Martin, 1997). Cutting taxes and

2One could argue that a high level of g* is typical for a continental-European govern-
ment, which finds it important to provide an adequate level of public goods and services,
whereas a low level of g* would be typical for an Anglo-Saxon government, whose main
goal would be to increase the economic growth potential by a policy of ’small government’
and a low level of taxation, in order not to create too many distortions. Later on, I will
allow for this possibility by distinguishing between g (for Europe) and g§ (for the United
States). However, the focus here is not on the level of the government spending target,
but on the relative weights attached to the spending and output targets, respectively.

3In this paper, the terms government and fiscal authorities are used interchangeably.

YThe budget constraint is derived using the Fisher equation. It is assumed that real
money demand does not depend on expected inflation. See Beetsma and Bovenberg
(1999a) for a derivation of a more general version of this constraint.



creating inflation are beggar-thy-neighbour policies in this model, in the
sense that they harm foreign output [see equations (2a)-(2b)].

Monetary policy is delegated to central banks. They are assumed to
have direct and full control over the inflation rate (the inflation rate is their
policy instrument). Their loss function is given by:

LEP = S Bl vl =12 (5)

The parameter 5 (>0) represents the relative weight attached to both
goals by the policy maker. The output targets of the central banks corre-
spond to the output targets of their governments, but the relative weight G
will generally differ from ~. I assume that (§ is equal for all central banks in
this model.

Even in the absence of stochastic shocks, the central bank and the gov-
ernment are unable to attain all policy goals simultaneously, due to the
presence of tax and non-tax distortions. Therefore, policymakers have an
incentive to generate a policy surprise after private expectations are formed.

2.3 Framework for welfare evaluation

Making use of equation (1), the government budget constraint of the home
country can be rewritten as follows:

yi +91 —e1 = (Wi —w1)+ (91 —g1) + pmy +
+(m1 —7]) — (k= 1)t] — (72 — 75) + (t2 — 13).  (6)

The left hand side of equation (6) contains the exogenous distortions to
the domestic economy. It consists of a deterministic component (the first
two terms) and a stochastic component. The first term can be interpreted as
a labour subsidy which would just offset the implicit tax on output created
by non-tax distortions, the second term is the government spending target
which needs to be financed by distortionary taxation. The third term on
the left hand side is a stochastic supply shock which may hit the domestic
economy.

The right hand side of equation (6) provides insight into the tradeoff to
be made by domestic and foreign fiscal authorities. The first three terms
correspond to the three components in the loss functions of the domestic
fiscal authority. Deviations of output, government spending and inflation
from their policy targets are costly in terms of welfare. The authorities use
tax and inflation policies in order to attain the optimal distribution of the



welfare losses over the target variables. The fourth term on the right hand
side is an inflation surprise. An inflation surprise is a ’source of finance’ in
the sense that it helps to absorb a stochastic shock in an effort to meet the
government policy objectives.

So far, the right hand side is identical to Beetsma and Bovenberg (1999b).
The remaining terms are new. The fifth term on the right hand side is the
expected tax level, multiplied by (k—1). This term appears because output
is more responsive to the expected tax rate (coefficient k) than to a tax
surprise (coefficient 1). A positive expected tax rate has a downward impact
on output. Conversely, an expected subsidy (a negative expected tax rate)
would have a stimulative impact on output and contribute to meeting the
objectives.

The final two terms represent policy moves by the foreign authorities in
response to stochastic shocks. Such policies are intended to be stabilising
for the foreign country, but they are beggar-thy-neighbour in the sense that
they may lead to a shift of economic activity from the home country to
the foreign country, which makes it more difficult for the domestic fiscal
authorities to meet the policy objectives.

Before turning to solving the model, it is useful to summarise the timing
of events and actions. First, private expectations are formed and wages
are set. Secondly, workers are hired. Third, supply shocks occur. Fourth,
monetary and fiscal policy decisions are made. All policy makers play Nash
against each other. Finally, workers may be relocated among countries (but
not hired or fired).

2.4 Solution of the model

Let the two ’countries’ be the euro area and the United States. In this
subsection, the ECB is the monetary authority and the Ecofin is the fiscal
authority of the euro area (country 1). The Federal Reserve is the monetary
authority and the Treasury is the fiscal authority of the US (country 2).
Due to the symmetry of the model, it suffices to solve the model for euro
area variables. In the remainder of this paper, the subscript E denotes the
euro area and the subscript S denotes the United States.

All policy makers play Nash against each other. Substituting the supply
curve (2a) and the government budget constraint (4) into the loss function
of the Ecofin (3) and minimising with respect to the euro area tax rate (its
policy instrument) gives the first-order condition for the Ecofin:

¢(9E — 98) = V(YE — YE)- (7)



This condition gives the optimal balance between spending stabilisation and
output stabilisation for the Ecofin. It is optimal for the Ecofin to distribute
distortions and shocks over the output gap and the government spending
gap (defined as the difference between the actual and the desired level of
government spending) in a ratio %

Substituting the euro area supply curve (2a) into the loss function of the
ECB (5) and minimising with respect to euro area inflation, which is the

ECB ‘s policy instrument, gives the first-order condition for the ECB:

e =—BYE — YE)- (8)

This condition gives the optimal balance between inflation fighting and out-
put stabilisation for the ECB. It is optimal for the ECB to distribute dis-
tortions and shocks over the output gap (defined as the difference between
actual output and the output target) and inflation in a ratio %

The deterministic and stochastic parts of the model can be solved sepa-
rately. The expected values of all variables can be expressed as a function
of the structural distortions. The deviation of the expected value of all vari-
ables can be expressed as a function of the stochastic shocks. The solution
in terms of the determinants of welfare (v — ¥, 95 — 9, umg) and the
other variables in equation (6) is shown in Table 1. The next two subsec-
tions discuss the deterministic and stochastic components of the solution. It
will turn out that the inability of policymakers to commit plays an impor-
tant role in understanding the deterministic components (’structural distor-
tions’), whereas the presence of international spillovers plays an important
role in interpreting the stochastic components ('unanticipated shocks’).

2.5 Distortions and commitment problems

The deterministic components of all variables in Table 1 are functions of the
exogenous distortions g3, and yj,. The presence of structural distortions im-
plies that policymakers are unable to attain all policy goals simultaneously.
The higher the distortions, the more output and government spending will
be below their policy targets and the higher inflation will be in equilibrium.

The impact of the distortions on the tax rate is more subtle. A high
target for government spending g7, leads to a high expected tax rate. Intu-
itively, a high target share of government spending will have to be matched
by high government revenues. By contrast, a high level of non-tax distor-
tions yz leads to a low expected tax rate. Intuitively, non-tax distortions
will erode the tax base (output), increasing the relative attractiveness of



seigniorage over output tax as an instrument to generate government rev-
enues. Moreover, an increase in taxes is relatively costly in terms of welfare
if the level of non-tax distortions is high, because it widens further the de-

viation of output from its target.

Table 1  Solution to the two-country game

variable deterministic component stochastic component
vE—ve | sy 9k vk + (k— 1)gj] —(Aiep + Azes)
95 — 9E W@W[Q*E +yp — (il —3(Aiep + Aseg)
HTE g 9k + vk — (] —puB(Ariep + Ases)

—(k = 1)ty | e ers (A yp+ 0

— sy (k= Dok

TE — T 0 —B(A1eg + Ages)
—(rs—7%) | 0 B(Azeg + Ajeg)

ts —t$ 0 oubty gf (Ageg + Ajeg)
where
o+ H H
A= —: = H = 1 )

I will, realistically, assume that policymakers are unable to commit.
Nominal wages are influenced by the expected inflation rate, but cannot
adjust to an inflation surprise. This causes the familiar time-inconsistency
of monetary policy. The absence of monetary policy commitment gives rise
to an upward inflation bias. Fiscal policy is subject to a time-inconsistency
problem as well. Stimulating output requires reducing the tax rate, whereas
an increase in government spending calls for raising the tax rate. Output
is less responsive to a tax surprise than to the expected tax rate.” This

"Recall that the total amount of labour is fixed when workers are hired. Therefore,
firms lose a degree of freedom between the moment when they form expectations about

the tax rate and the moment when the tax surprise materialises.

10




means that the optimal tradeoff shifts in favour of a higher tax rate af-
ter the private sector has formed expectations about tax rates. Firms are
aware of the fact that the fiscal authorities have an incentive to announce a
lower tax rate than they will choose ex-post. Therefore, the absence of fis-
cal commitment gives rise to an upward tax bias. Intuitively, the monetary
time-inconsistency problem is caused by the short-run rigidity of nominal
wages, whereas the fiscal time-inconsistency problem is caused by short-run
constraints on output (although the model does not formally distinguish
between the short run and the long run).

Time-inconsistencies arise both via the wage rate and via output in my
model. By contrast, in Alesina and Tabellini (1987) and Bryson, Jensen,
Van Hoose (1993), time-inconsistencies arise only via the wage rate. In
Alesina and Tabellini (1987), tax rates enter the supply curve, but fiscal
policy is not subject to time-inconsistencies.’ In Bryson, Jensen, Van Hoose
(1993), fiscal policy is subject to time-inconsistencies. The contracted nom-
inal wage rate depends negatively on the expected tax rate. In their model,
as in mine, expected and unexpected tax cuts stimulate output. In their
model, output is more sensitive to a surprise tax cut than to an expected
tax cut, which gives rise to a downward tax bias. In my model, by contrast,
output is more sensitive to an announced tax cut than to a surprise tax cut.
Fiscal authorities compete for multinational firms by offering an attractive
tax environment. However, sovereign countries cannot make a credible com-
mitment that the tax treatment will not be changed after multinational
firms have made substantial investments in the country. This gives rise to
an upward tax bias.

If output were equally responsive to the expected tax rate and a tax
surprise (k = 1), the determinants of welfare would be functions of g3, + 7.
Instead, output is more responsive to the expected tax rate than to a tax
surprise (k > 1). Intuitively, firms are quite sensitive to the tax environment
before they have made substantial investments. This ’tax announcement
effect’ raises the welfare cost of the desired level of government spending
(9%, which increases the expected tax rate), whereas it reduces the welfare
cost of non-tax distortions (yj,, which reduce the expected tax rate).

The deterministic component of the variables in Table 1 add up to
9% + Y%, as required by equation (6). This indicates that the upward tax

n Alesina and Tabellini (1987), the wage rate as set by the labour unions depends on
expected inflation, but not on the expected output tax rate. There is also no impact of
taxes on wages via the inflation rate, as central banks directly control the inflation rate.
Therefore, the impact of taxes on output is the same before and after nominal wages are
determined. Thus, fiscal policy is not subject to time-inconsistencies.

11



bias which results from the fiscal commitment problem is costly in terms of
welfare: a higher expected tax rate implies that a larger share of the dis-
tortions will fall on the three determinants of welfare (output gap, spending
gap and inflation).

The distribution of the total distortion g3, + ¥}, over the three determi-
nants of welfare and the expected tax rate depends on the preferences of
the government (¢, v) and the central bank (3) and on the importance of
seigniorage to the government budget (u). First, a fiscal authority which is
inclined to close the output gap rather than the spending gap (—Z; high) will
endeavour to achieve this by lowering the tax rate. The balanced budget
requirement forces the government to curb spending. The lower tax rate
implies that there is less need for the central bank to allow a rise in inflation
in order to stimulate output. Second, a less conservative central bank (3
high) is more inclined to close the output gap. It will achieve this by letting
inflation increase. The higher seigniorage income allows the fiscal authority
to set a lower tax rate and simultaneously increase the level of government
spending. Thrid, a large real money stock (u high) means that there is a
large inflation tax base, making it more attractive to create inflation in or-
der to generate government revenues. On the other hand, a lower inflation
rate would be needed to generate the same level of government revenues.
It turns out that the latter dominates the former: the equilibrium inflation
rate will be lower. Nevertheless, seigniorage makes a more significant contri-
bution to government revenue. This makes it easier for the fiscal authority
to achieve its policy targets. The fiscal authority is able to lower its tax
rate and simultaneously increase government spending. The lower tax rate
induces a higher level of output, which implies that there is less of a need
for the central bank to raise inflation in order to protect employment.

2.6 Shocks and international spillovers

The stochastic components of all euro area variables in Table 1 are functions
of the composite shock Ajeg + Aseg. The euro area economy is affected by
both domestic and foreign shocks, although euro area variables are more
sensitive to euro area shocks than to US shocks.

Note that euro area variables are affected by unanticipated US shocks
s, but not by US distortions g5 and yg. This feature of the model fits
reality, in the sense that policymakers tend to be more concerned about
possible international spillovers from an unexpected adverse foreign shock,
than about known structural distortions in a foreign country.

The stochastic components of the variables in Table 1 add up to —¢cg,

12



as required by equation (6). Inflation surprises cannot contribute to the
financing of the deterministic component, because wage-setters have rational
expectations and thus anticipate the effect of the deterministic distortions
on inflation when setting wages. However, shocks occur only after wage
contracts have been signed. Therefore, inflation surprises can contribute to
the ’financing’ of stochastic shocks.

As already mentioned in the discussion of equation (6), foreign policy
responses to home country shocks enhance the need for the home country
authorities to respond and causes them to overrespond. The fact that all pol-
icymakers play Nash means that they cannot collaborate in order to achieve
a better outcome. International policy spillovers increase the variance of
macroeconomic variables. This increase in the ’financing requirement’ may
more than offset the contribution of a domestic inflation surprise to financing
the stochastic component.

Equations (2a)-(2b) imply that total worldwide activity only depends on
the average expected tax rates and shocks. Therefore, surprise policy moves
cannot alleviate the impact of a shock on world output. However, foreign
policy responses to shocks are a source of uncertainty to domestic policy
makers. This can be seen as follows. If the stochastic components of the
three determinants of welfare for the euro area are added to those for the
US (not reported in Table 1) the result is

~(L+ B+ 3)(en +es) (10)
If central banks would exclusively focus on maintaining price stability and
fiscal authorities would only care for attaining the government spending
target, the right-hand side of equation (10) would be just —(cg + €g), i.e.
minus the sum of the stochastic disturbances. Beggar-thy-neighbour policy
moves do not affect the variance of world output, whereas they increase the
variance of inflation and government spending. In the right-hand side of
equation (10), the term 1 (multiplied by eg + cg) reflects the size of the
exogenous stochastic supply shock. The terms § and % reflect beggar-thy-
neighbour aspects of monetary and fiscal policy, respectively.

2.7 Welfare

The euro area’s welfare loss follows upon substitution of the solutions for
Yy —YE, 95 — 9r and pmp into equation (3). The distortions g}, and yj, are
non-stochastic. The stochastic shocks eg and g have zero expected value
and are uncorrelated with each other. Therefore, the equilibrium expected

13



welfare loss of the euro area is:

B ¢ﬁ2+¢7+’yz[
_ %

¢2
(¢ + kouB + kv)?

(p+H)*+ H?

B(Le) (6 + 2H)?

a?).
(11)

Society’s welfare is thus composed of a term arising from deterministic
distortions and a term associated with stochastic (supply) shocks. Exam-
ples of these structural distortions are union control over the labour market
and monopoly control over commodity markets. Examples of unanticipated
shocks are oil price shocks and a credit crunch. Let us look at the impli-
cations of the fiscal commitment problem and international spillovers for
welfare.

First, the inability of fiscal policymakers to commit leads to an upward
bias in the expected tax rate. Since output is more responsive to the ex-
pected tax rate than to a tax surprise, it follows that the inability of fis-
cal policymakers to commit increases the welfare cost of structural distor-
tions.”® The implication is that models that neglect the fiscal commitment
problem will tend to underestimate the welfare cost of structural distortions.

Second, recall that the foreign policy response to unanticipated shocks
leads to international spillovers. The foreign policy responses are a source of
uncertainty to domestic policy makers (they result in a higher variability of
output, inflation and government spending) and make unanticipated shocks
more costly in terms of welfare. In the absence of international cooperation,
policymakers tend to overrespond. This stresses the importance of interna-
tional policy coordination, in particular in the aftermath of unanticipated
shocks.

In the current model, it is ambiguous whether financing the deterministic
component is more or less costly in terms of welfare than financing the
stochastic component. The contribution of inflation surprises to financing
the stochastic component may be more than offset by the welfare-reducing
impact of foreign monetary and fiscal policy responses to shocks. Beetsma
and Bovenberg (1999b) show that in the context of their model, it is less

(kgp +yp)* +

"This is also true for the upward bias in the inflation rate, which follows from the
inability of monetary policymakers to commit. Since the monetary commitment problem
is studied by many others, it does not require much attention here.

$Intuitively, firms are better able to avoid structural distortions than stochastic shocks,
since they observe distortions before making investment decisions, whereas they observe
shocks after making investment decisions. A firm’s decision not to invest in a country
results in a lower level of output and is thus costly in terms of welfare for the country
involved. Thus, because firms are better able to avoid structural distortions than stochastic
shocks, the structural distortions are relatively costly to countries.
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costly to finance stochastic shocks than deterministic distortions, as inflation
surprises can contribute to financing the stochastic component and not to
financing the deterministic component. Thus, the assertion by Beetsma
and Bovenberg that it is less costly to finance stochastic shocks does not
necessarily hold here.

3 Centralisation of monetary policy in Europe: A
three-country model

In this paragraph, the model will be extended to a three-country version,
in order to analyse the impact of the centralisation of monetary policy in
Furope. Under floating rates, all three central banks and all three fiscal
authorities play Nash. Under EMU, both central banks in Europe act as one
decision maker (ECB), which again plays Nash against the Federal Reserve
and the ministries of finance of the three countries.

3.1 Floating rates

3.1.1 Model specification

Germany (subscript G) and France (subscript F) are of equal size. The
United States (subscript S) is twice as large as each of the European coun-
tries individually. Supply per capita is (see Appendix A):?

vo = i+ )~ (b i) - (h—t8) +eo, (12)

yr = ke~ (n& —th) + 2 (rh —t}) = (7 —1d) +ep, (12D)
1 1

yg = —kt%— 5(77% — ) — 3 (TI'C}lr - t‘}) + (Trfé - tg) +eg, (12c)

where 2% is the deviation of a variable x from its expected value. Note that
common policies and common shocks in Germany and France would reduce
the system (12a)-(12c) to the two-country supply functions (2a)-(2b).

? Applying the size argument consistently argues for making Germany more sensitive
to US than to French real wage developments. However, the geographical proximity of
Germany and France (which is strictly speaking not in my model) argues for mitigating
these differences, if not reversing them. I choose equal weights for reasons of algebraic
simplicity. This amounts to assuming that each of the European countries is influenced
as much by real wage changes in the US as by real wage changes in the other European
country.
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The structural distortions in Germany and France are assumed to be
equal. In both countries, the desired level of government spending is g7,
whereas non-tax distortions are equal to yz. The structural distortions in
Europe may differ from those in the United States (g%, y%)-

As in the two-country version of the model, world supply is a function
of the expected tax rates and stochastic shocks, but is unaffected by policy
surprises:

Eqg tEF

) - ktg+ = +es. (13)

yg +yr
2

e, + 15,

+ys = —k(=

The loss functions and the government budget constraints are completely
analogous to the two-country case.

3.1.2 Solution of the model under floating rates

The solution procedure is identical to the one followed for the two-country
case. The first-order conditions for the central banks are:

s = —Bys —ys)- (14b)

The Federal Reserve will tend to choose a higher output loss and lower infla-
tion than the Bundesbank and the Banque de France, because the relative
size of the US (twice as large as each of the euro area countries individually)
makes the Fed less effective in shifting the burden of output adjustment to
other countries.

Analogously, the first-order condition for the fiscal authorities are:

(b(gz - g*E) = 27(:‘/1 - y%)a i = G7 F7 (153‘)
?(9s —95) = Y(Yys —ys)- (15b)

The US government will find it optimal to choose a higher output loss and
a lower spending gap than the German and French governments. The rela-
tively large size of the US makes its government less effective in shifting the
burden of output adjustment to other countries.!”

The full solution to the game is reported in appendix B (Table B1). Its
form is essentially the same as for the two-country case. The derivation of
the welfare results is postponed until the next subsection.

10Recall that the authorities are assumed to have equal preferences. Thus, the results
reflect the differences in trade-off that are due to differences in country size, rather than
different political preferences.
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3.2 EMU
3.2.1 Model specification

Under EMU, monetary policy in Europe is centralised, but fiscal policy is
determined at the national level. As central banks are assumed to control
the inflation rate directly, the creation of the European Central Bank implies
that the inflation rates for Germany and France must be equal: 7g = 7p.
This common inflation rate will henceforth be denoted as mg. Substituting
the common inflation rate into equations (12a)-(12c) gives the supply curves
for Germany, France and the United States under EMU

vo = —hte+2nh—td) — (vh—th) - (7§ t5) +eq,  (16a)

yr = ks~ (nh— &) +2 (xh — 1) — (v~ t§) +ep,  (16b)
1 1

ys = —kts— Q(w‘jg — ) — 3 (ﬂ'% — tjé) + (wg - tg) +eg. (16c)

Recall that Germany and France are assumed to be of equal size. There-
fore, income per capita of the euro area is equal to the average of income
per capita in the two euro area countries individually: yg = (yg + yr)/2.
Under EMU, the ECB minimises:!!

LGP = Ll + Blys — i) a7)

According to the EU Treaty, seigniorage is shared between the participating
countries according to the capital key, which consists of population size and
the size of the economy. Both variables have a weight of 50%. In this model,
the implication is that seigniorage is shared equally between both countries.
The German and French government budget constraints become:

gi = ti + urg, 1=G,F. (18)

Under EMU, the German and French fiscal authorities minimise:

1 .

Li4 = Slrh + (i — ) + ol — g5)%),  i=G.F (19)

T implicitly assume that the members of the ECB Governing Council, who determine

euro area monetary policy, look at euro area variables only. Alternatively, each member

of the Governing Council votes according to national preferences. In that case, the ECB’s

loss function would be an average of the loss functions of the individual governors. My

choice does not affect the resulting policy rules. See Benassy-Quere et al. (1997, p. 164)
for a proof.
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3.2.2 Solution of the model under EMU
The first-order condition for the ECB is:

e = -8y — yk)- (20)
The centralisation of monetary policy in Europe is reflected in the first-order
condition for the ECB. The ECB will tend to choose a higher output loss
and lower inflation than the Bundesbank and the Banque de France. Under
floating rates, the national central banks in Europe act unilaterally and do
not internalise the response of their counterparts. After the start of EMU,
full monetary policy coordination takes place by the Governing Council of
the ECB, where the externalities involved in unduly fierce policy responses
are internalised. Therefore, the ECB is less aggressive in its attempts to
shift part of the burden of supply shocks abroad. It should be stressed that
the ECB keeps inflation closer to zero, not because the ECB is more inflation
averse, but because of the possibility of the participating central banks to
commit against each other.
The first-order condition for the other authorities are identical to the
conditions under floating rates. The full solution to the game under EMU
is reported in Appendix B (Table B2).

3.2.3 Macroeconomic effects of EMU

The start of EMU (Europe moves from floating rates to EMU) has several
consequences. Most importantly, intra-European spillovers in monetary pol-
icy are internalised. The ECB still has the incentive to conduct a beggar-
thy-neighbour policy against the United States, but not anymore within
Europe. This leads to a lower inflation bias.

The resulting lower level of seigniorage income makes it more difficult to
attain the governments’ policy targets for output and government spending.
Another consequence of EMU is that seigniorage is shared between the euro
area governments. The euro area fiscal authorities know that a tax cut will
induce a tougher monetary policy (lower inflation), which partly offsets the
impact of a tax cut on output and leads to lower seigniorage revenues as a
side effect. Under EMU, the other euro area member state carries part of
the seigniorage loss, which enhances the attractiveness of a tax cut. Both
seigniorage-related effects are of second-order importance, given the limited
significance of seigniorage as a source of government revenue in the euro area
(as in the United States).

The ECB will be less responsive to German shocks than the Bundesbank
used to be under floating rates. The intuition is that, first, the ECB is less
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effective in stabilising German output (monetary policy cannot be directed
at country-specific circumstances), and secondly, German shocks are less
important to the ECB than to the Bundesbank. Whether the ECB will be
more or less responsive to French shocks than the Bundesbank, is ambiguous.
For plausible parameter values (¢ =40, v =9, = .1 and 0 < p < 1), the
ECB will respond more actively to French shocks than the Bundesbank,
as one would expect given that French output is not in the Bundesbank’s
loss function.'’?> The ECB will be less responsive to US shocks than the
Bundesbank. Intuitively, the ECB internalises the intra-European spillovers
which used to exist when all euro area national central banks responded to

US shocks individually.

3.2.4 Welfare impact of EMU

Under floating rates, the equilibrium expected welfare loss for Germany (or
for France, after substituting subscripts F' for G) is:

4657 + ¢y + 4y ¢°
26 {(¢ + 2kousB + 2ky

o(d+3H)+ H(2¢ + 3H))2 N
(¢+3H)(¢+6H)

(¢ +3H)(¢+6H) ¢+ 3H

E(Lg)

E (kg +y5)? +

+(
+(

)2)o%}, (21)
and the equilibrium expected welfare loss for the US is:

A e e ¢°
Blls) = S

2 (kgs + y5)* +
)o?]. (22)

(¢ +2H)% + (2H)?
(p+3H)?

+(

Under EMU, the equilibrium expected welfare loss for Germany (or, equiv-
alently, for France) is:

2 4 2 2
B(Le) = S e e e+ +
¢° +20H + 21> $1(d+49), ,
N e e )

2These parameter values are put forward as plausible by Eichengreen and Ghironi
(1997).
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and the equilibrium expected welfare loss for the US is:

Bty +? ¢?
Bl = T ol
(P+7)*+20+v+H)? ,

2oty tomz O b (24)

E (kg% +y5)* +

_|_

When comparing the expressions for welfare under floating rates and
EMU, it is assumed that the real money stock is relatively small (1 — 0),
which implies that seigniorage is relatively unimportant to the government
budget. For the euro area and the United States, this seems realistic.

First, the impact of EMU on welfare of a euro area member state (Ger-
many) is considered. The part of the German loss function associated with
deterministic distortions is smaller under EMU than under floating rates.
The reason for the welfare improvement is that intra-Furopean monetary
externalities are internalised as a result of EMU, which means that the in-
centive for central banks to create surprise inflation has declined. Thus, the
inflation bias declines.

The impact of EMU on the part of the German loss function associated
with stochastic distortions is ambiguous. On the one hand, the euro area
authorities lose a policy instrument, as country-specific shocks can no longer
be addressed by monetary policy. This makes it more difficult for the fiscal
authorities in each of the participating member states to attain their policy
goals, which is welfare-reducing. On the other hand, the incentives to run
beggar-thy-neighbour policies are partly internalised as a result of EMU,
which reduces the tendency of euro area monetary authorities to overrespond
to shocks. The net welfare consequences of EMU for Europe depend on the
relative importance of low inflation versus the other government policy goals
(stable output and spending) and on the variance of shocks. The positive
welfare impact of improved policy incentives may or may not be dominated
by the negative welfare impact of the loss of a policy instrument.

Next, look at US welfare. The part of the US welfare function associated
with deterministic distortions does not change as a result of EMU. As the US
does not participate in EMU, the credibility of the US authorities (reflected
in the US inflation bias) is unaffected by the changed institutional setting
in Europe. The part of the US welfare function associated with stochastic
shocks is unambiguously smaller under EMU than under floating rates. The
intuition is that the US benefits from the fact that, compared to the euro
area national central banks under floating rates, the ECB is less engaged
into shifting abroad the burden of adjustment to shocks. Thus, it follows
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that EMU is unambiguously welfare-improving for the United States.'?

4 Conclusion

In this paper, I have looked at the possible macroeconomic and welfare
consequences of EMU. The model in this paper stresses the importance of
cross-border spillovers and of the internalisation of externalities that occurs
as a result of EMU. It extends a model by Martin (1997) to take into account
the interaction between monetary and fiscal policy and the existence of a
third country which does not participate in monetary union, but is large
enough to have a substantial influence on the economy of the euro area.

Structural distortions and uanticipated shocks generate a “financing re-
quirement’ in the sense that adjustment of macroeconomic variables needs to
take place. As pointed out by Beetsma and Bovenberg (1999b), an inflation
surprise can be used to shift part of the burden of an unanticipated shock
to private sector agents, but cannot be used to finance deterministic distor-
tions. This makes it less costly in terms of welfare to finance unanticipated
shocks. My paper adds two new insights in this respect.

First, international spillovers increase the welfare costs of unanticipated
shocks. The foreign policy responses to shocks, while intended to be sta-
bilising for the foreign country, may be beggar-thy-neighbour in the sense
that they lead to a shift of economic activity from the home country to the
foreign country. This may aggravate the welfare consequences of a negative
shock. The foreign policy responses to an adverse supply shock may more
than offset the contribution of a domestic inflation surprise to financing the
stochastic component. Thus, the assertion by Beetsma and Bovenberg that
it is less costly to finance stochastic shocks does not necessarily hold here.

Secondly, the lack of fiscal commitment increases the welfare cost of
structural distortions. While not eliminating the above ambiguity, this pro-
vides support to Beetsma and Bovenberg’s assertion that structural distor-
tions are more costly in welfare terms than unanticipated shocks. Intuitively,
output is more responsive to distortions than to shocks. The reason is that
firms know structural distortions before making their investment decisions,
whereas they are partly locked in when unforeseen shocks occur. The lack of
commitment creates an upward bias in the expected tax rate. The fact that
firms are more responsive to the expected tax rate than to a tax surprise

13The ambiguous welfare result of monetary unification for the monetary union itself is
in line with the theory on optimal currency areas. However, I am not aware of any articles
that look at the welfare implications of a monetary union for third countries.
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implies that the inability of fiscal policymakers increases the welfare cost
of structural distortions. The implication is that neglecting the fiscal com-
mitment problem results in underestimating the welfare cost of structural
distortions.

The start of EMU has several consequences. First, and most importantly,
intra-European spillovers in monetary policy are internalised. Under floating
rates the national central banks in Europe endeavour to achieve their output
target by causing beggar-thy-neighbour surprise inflation. Under EMU, part
of this incentive is internalised: the ECB still has the incentive to conduct
a beggar-thy-neighbour policy against the United States, but not anymore
within Europe. This leads to a lower inflation bias. A second consequence
of EMU is that seigniorage is shared between the national governments in
Europe. The sharing of seigniorage means that euro area member states
share some of the cost of a tougher monetary policy (lower seigniorage),
which makes it less costly to cut taxes for an individual member state.
However, since seigniorage is relatively unimportant, this effect is only small.

The ECB will be less responsive to German shocks than the Bundesbank
used to be under floating rates, because the ECB is less effective in stabilising
German output and because German shocks are less important to the ECB
than to the Bundesbank. Whether the ECB will be more or less responsive
to shocks in other euro area countries than the Bundesbank, is ambiguous.
The ECB will be less responsive to US shocks than the Bundesbank, as the
ECB internalises the intra-European spillovers that occur when all euro area
national central banks respond to US shocks individually.

The impact of EMU on welfare in each of the euro area member states is
ambiguous. On the one hand, the credibility problem of the national central
banks is Europe is alleviated, since their incentive to create surprise inflation
has declined. The resulting lower inflation bias is welfare-increasing. On the
other hand, the euro area authorities lose a policy instrument, which makes
it more difficult for the euro area fiscal authorities to attain their policy
goals, which is welfare-reducing. Thus, in general, the welfare consequences
of EMU for Europe are ambiguous, as the impact of the loss of a policy
instrument may or may not be dominated by improved policy incentives.

EMU is unambiguously welfare-improving for the United States, as the
credibility of the US authorities (reflected in the US inflation bias) is unaf-
fected by the changed institutional setting in Europe, whereas the US suffers
less from European beggar-thy-neighbour policies under EMU than under
floating rates.

22



Appendices

A Derivation of supply functions

A.1 Output in N identical countries

The world consists of IV identical countries of size 1. Capital is assumed to
be fixed. Therefore, output in each economy is a function of labour input
only: Y; = L?egi, 1 =1,..., N, where Y; is real output, L; is labour input
and ¢, is a normally distributed, idiosyncratic shock with finite variance and
expected value zero that hits country i (i.e. E¢; =0, Var(§;) = (o), i =
1,...,N). The constant n satisfies 0 < n < 1, implying a decreasing marginal
productivity of labour. Firms are perfectly competitive. The representative
firm is a multinational company with production sites in all countries.

The course of events is as follows. First, nominal wages are set by trade
unions. Second, the firm contracts the desired number of workers. Third,
random shocks occur. Fourth, monetary and fiscal policies are set. Fifth,
workers can be relocated between countries in reaction to (monetary and
fiscal) policy surprises and random economic shocks.

The model is solved via backward induction:

Step 5 (final step): The firm can relocate workers. However, workers
cannot be laid off, nor can more workers be hired at this stage.!* The
representative firm maximises profits under the constraint that the size of
the total workforce is pre-determined.

Maz [] = (1—-t)BY,—W,L;+
+> 0 Xi5l(1 = t5) PyY; — WLy, (A1)
i

st. » Ly = L,
J

where X;; is the price of the currency of country j in terms of the cur-
rency of country ¢. Using the assumption that purchasing power parity
holds (X;;P; = P;), deriving first-order conditions and re-arranging gives
the following N — 1 equations:

a, Wi _ a; W

(1_ti)8_Li_ P = ( _tj)a_Lj_?j’

V) # i. (A2)

! This particular set-up helps to highlight the cross-border impact of government poli-
cies. Intuitively, countries compete for being a favourable production site.
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Economic shocks and policy surprises may imply that the firm would
like to hire or lay off workers. Since contracts have been signed before,
it cannot do so. However, the possibility to relocate ensures that the given
amount of workers will be optimally used. Equation (A2) states that workers
will be relocated so as to equalise the difference between the (after tax)
marginal product of labour and the real wage between countries. Using
linear approximation and assuming that the tax rate and shocks are small,
this can be rewritten as:

(L—t)nLi~'e . Wi/P,

(1- tj)nL}]*lefj - Wi/P

1, Vi (A3)

Eliminate corresponding terms, take logs and add all NV — 1 equations. Use
equation (A9) below and the fact that the total number of employees is
predetermined. Approximate log(1 — ¢;) by —t;. The production function

in terms of logs is: y; = nl; + ;. Choose n = WN—l Normalise y; by
subtracting the constant term 2 log(5—). Then:
N
vi = (gt~ (wi—pitti—t) +
1 .
+m Z(wj —pj+t;— t;) + &5, V1, (A4)
J#

where ¢; is a random shock with expectation zero and finite variance.
Step 4: Monetary and fiscal policies are set. See the main text (Section 2).
Step 3: Shocks occur. No optimisation takes place in this step.
Step 2: The representative firm hires the number of workers which will
maximise expected total firm profits (expressed in the currency of country
i):
Mazry 1y EII=E{1-t)PY; - WiLi + ZXij[(l — t;)P;Y; — W;Lj]}.
J#i
(A5)

At this stage, there is no constraint on labour. Shocks ¢, are uncor-
related. Therefore, maximising expected worldwide profits is equivalent to
maximising expected profits in each country separately. The firm s expec-
tations are formed and the L} are chosen before shocks (§;) and government
policies (P;,t;) materialise. Since Wj is pre-determined and L} is the rep-
resentative firm’s choice variable, both variables are non-stochastic to the
firm. Thus, (A5) can be rewritten as

Maxsy ET] = (L)"E[(1 - t;)Pie’] = WiL}, i=1,..,N. (A6)
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The first-order condition for the maximisation of profits in country 7 is:
(L) E{(L — t;) P} = Wi (A7)

Take logs and note that, for small shocks, log E{..} ~ Elog{..}. Approxi-
mate log(1 — t;) by —t; and rearrange:

logn + (n— DIf —t§ = w; — p§, i=1,..,N. (A8)

Equation (A8) is the familiar condition that the (expected) after tax marginal
product of labour must be equal to the (expected) real wage. Optimal wage
setting implies that the right hand side is equal to zero (see below). There-
fore, equation (A8) simplifies to:

;= <%7><—tf T logn), (A9)

where [ denotes the optimal amount of labour to be initially hired in country
i.

Step 1: Workers choose the nominal wage. They minimise the expected
square deviation of the real wage from the wage target (which is equal to
zero for simplicity), which (after taking logs) yields the optimal wage rule
w; = pf, % = 1,..., N. This completes the solution of the model via backward
induction. The solution for output in N identical countries of size 1 is given
in equation (A4).

A.2 OQOutput per capita in three countries of unequal size

Here, the formulas for output per capita are derived for a world consisting
of three countries of unequal size. Specifically, one country ("United States’)
is assumed to be twice as large as the other two countries (’Germany’ and
"France’) individually. The incorporation of the relative country size fol-
lows Martin (1997). Define a partition of the world in three super regions,
comprising ni,ng, ng regions, respectively (nj + na + n3 = N). Shocks 7,
have expected value zero and variance 02,4 = 1,..., N. Assume that shocks
within each super region are perfectly correlated, whereas shocks in different

super regions are uncorrelated. Define ¢ = % Zi@k n;,k =1,2,3. Then
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per capita supply in each super region is given by

1 N
yo= R—Z[—(ﬁ)tf—(wi—piﬂi—tf)ﬂL
1 1€EN]
1
+m2(wj —pj +ti = t7) + 1
J#i
1 N
1 1€ny
1
+ [(n1 — 1) (w1 — p1+t1 — 1) +na(w2 — p2 +t2 — 15) +

N -1
+nz(ws —p3+t3 —t5)] + ] =

N e N—n1 e
no e
+m(w2_p2+t2—t2)+
ns e
—_— — — ) Al
+N—1(w3 pstiz—t3) +e1 (A10)

The expressions for yo and y3 can be found analogously. Normalise:
ny =ng = %;ng = 1. Then:

y1o= —Qti—g(’wl—P1+t1—t§)+%(w2—p2+t2—t§)+
+(ws — p3 +t3 —13) + €1, (Al1)

Y2 = —2t§+%(’w1—P1+t1—ti)—g(w2—p2+tz—t§)+
+(ws — p3 +t3 — 13) + €2, (A12)

ys = —2t§+%(’w1—P1+t1—t§)+%(w2—p2+tz—t§)+
—(ws — p3 + t3 — t5) + 3. (A13)

I have adjusted the weights in the three-country model in the main text
[equations (12a)-(12¢)] in order to avoid non-integer coefficients and to cap-
ture the fact that Germany and France are geographically closer to each
other than to the United States, while maintaining the other characteristics
mentioned in the main text. In order to maintain the characteristic that
output per capita is more responsive to the expected tax rate than to a tax
surprise, the coefficient of the expected tax rate is set at k, with & > 2. The
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coefficient £ is also used in the two-country version of the model (where it
would have been sufficient to assume that k£ > 1). These adjustments do
not qualitatively affect the conclusions of this article.

B Solution for three countries

The derivation of the solution for the three-country case is analogous to the
two-country case.

The solution under floating rates and the solution under EMU are pro-
vided in Tables B1 and B2, respectively. The deterministic components of
the variables in the tables are functions of the exogenous distortions gz and
Y- The stochastic components of the German variables in the tables are
functions of the composite shocks ecGO’”}’l"o o and EgngMU'
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Table B1  Solution to the three-country game under floating
rates
variable deterministic component stochastic component
Ve~ Y6 | araRema) 9k + vk + (k= Dgp] —€G, float
Iw—96¢ | Frmeiamy ok + ve — (vl ~ 5 froat
e sronagT 9k + vk — (g —2102G float
(k= Dty | e (el 0
— sy K — D9k
2(ng —7g) | 0 —40€G Float
~(ta—1g) | 0 — (2B + Ve ot
—(mp —7g) | 0 20€F, Float
tp—15 |0 218 + B)er roat
—(rs —m5) | 0 B et
ts—t% |0 (18 + €S Fioar
where
o = oot e e (e + o) + €],
S = e+ e (e +er) + s
e = F3aEEe+er)+ Srages,

with H as defined before.
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Table B2

Solution to the three-country game under EMU

variable deterministic component stochastic component
YE — Ya m[gtﬁ +yi + (k= 1)g%] —Ec. EMU
* 2ky [ * + * _(ﬁ) *] _zy_gcomp.
9 — 9G ork(oupr2y 9E T YE % YE ¢ “G, EMU
k * * k—1\, % .
HTE %[% +yp — (55 )yl —HPEE, By
kouB+2ky (k-1
~(k =Dt | Gikeagran Cr VBT 0
~ gz (F — D9k
Te—7% |0 —Be% Bmu
2 .
—(ta — &) | 0 ~(1B+ e
tr—t5 |0 (18 + e Brrw
~(rs —7§) | 0 Bes, Enu
ts—tg |0 (18 + 3)es B
where
£comp. _ ¢ +H e+ c + Lg .
G, EMU ¢+7+2HE ¢+ 6y G-k ¢+ +2H &
e o+ H ep + € +—H Es;
F, EMU b+v+2H P px6y FE T gy 120 Y
goomp. - _y+tH oty H
$, EMU d+y+2H " pryt2H T
with eg = %(EG + €F), E€G-E = €G — €E, EF—-E = €F — €E, 5%0,77%)MU =
%(625,"?]'\/[[] + E?T?MU) and H as defined before.
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