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SHOULD THE ECB RESPOND TO EXCHANGE RATES?

PETRI MÄKI-FRÄNTI

Department of Economics and Accounting,  
FI-33014 University of Tampere, Finland

Using a structural, quantitative macro model, this paper investigates benefits of 
including the real exchange rate of the euro into the monetary policy rule of the 
European Central Bank (ECB). The problem is considered from viewpoints of both 
the whole monetary union and a single member state with a national economy more 
open and facing different structural shocks than the union economy on average. 
According to the results, the union would benefit more from the exchange rate sta-
bilisation than the member state, when the exchange rate response is set to minimise 
the loss function calculated for the whole monetary union. Only with rather high 
exchange rate response by the central bank, would the gain for the member state 
be larger. Moreover, also when it comes to central bank s̓ responses to inflation and 
output, the common monetary policy does not fit the member state very well. The 
union as a whole would benefit from central bank s̓ relatively stronger response to 
output than inflation, while for the member state the weights of inflation and output 
in the policy rule should be set the other way round. (JEL: E32, E52, E58, F42)

1. Introduction

Since the adoption of the euro, economists 
have been discussing whether the ECB should 
respond to changes in the real exchange rate, 
when setting its monetary policy. Using a small, 
quantitative macro model, this paper provides 
a rough quantitative assessment of the possi-
ble benefits of responding to the real exchange 
rate. Instead of considering the exchange rate 
as an ultimate objective of the monetary policy, 
that is, as an argument in the central bank’s loss 
function, the paper considers the exchange rate 
of the euro simply as a source for additional 
information on the state of the economy, which 
the policymaker may then use for reducing the 

volatility of inflation and output in the econo-
my1, 2. 

In addition to considering the exchange rate 
stabilisation from union wide perspective, the 
paper examines, whether a small member state 
with a national economy differing from the av-
erages of the rest of the union, would benefit 

1 Adopting a direct exchange rate into central bank s̓ loss 
function in fact is never optimal, if the loss function of the 
society only includes volatilities of inflation and output as 
its arguments. The optimal reduced form policy rule may, 
however, still contain an exchange rate target, depending 
on the structure of the economy. 

2 For more discussion about the possible role of asset 
prices in monetary policy, see Vickers (1999).
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significantly more from the ECB’s responses 
to the exchange rate than the rest of the union. 
The results provide some indirect evidence 
for assessing the severity of the losses for the 
member state from loosing the possibility for 
independent exchange rate policy. Thus, the re-
search problem also relates to the literature on 
optimal currency areas.

The consequences of central banks’ attempts 
to stabilise exchange rate movements has previ-
ously been discussed e.g. by Ball (1998), Taylor 
(1999) and Svensson (1998)3. The studies share 
the common feature that the central bank policy 
rule is assumed to be of the form it = απt + βyt 
+ λ0et + λ1et–1, where πt = inflation, yt = output,  
et = real exchange rate and α, β, λ0 and λ1 are 
parameters. To sum up the main results of these 
studies, the exchange rate did not seem to play 
very important role in the policy rule, even in 
the case of open economies. Responding to ex-
change rate implied only small reductions in 
the volatilities of inflation or output, although 
some of the models assumed rather large values 
for λ0 and λ1.4

2. The model

Our macro model is a linear difference equation 
system of ten equations. It is built from a single 
country model of Batini and Haldane (1998) to 
cover two economies: the monetary union as 
a whole and a single member state. (For con-
venience, the single member state is henceforth 
referred as simply “member state”). The model 
is forward-looking in nature and the expecta-
tions in the model are assumed to be rational. 
Equations (1)–(6) below characterise the whole 
monetary union, while the equations (7)–(10) 
describe the economy of the member state. The 
equations representing the union economy fol-
low very closely the model of Batini and Hal-
dane, whereas the rest of the equations describ-

ing the small member state form the “new” part 
of the model. 

Because of the small size of the member 
state, it has only one-way feedback with the 
rest of the union5. Also note that the prices and 
interest rates of the rest of the world are af-
fected by the prices and interest rates of neither 
the member state nor the union. Accordingly, 
the only differences between the member state 
and the union regarding their interactions with 
the rest of the world come from the different 
economic shocks they face and from the fact 
that the nominal exchange rate in the model 
below is determined by the interest rate parity 
between the union and the rest of the world. 
For simplicity, the model does not contain an 
endogenous risk-premium for the net foreign 
assets of the rest-of-the-world interest rate so 
that there is actually no mechanism in the mod-
el ensuring that the union economy remains a 
small economy related to the rest-of-the-world. 
It is, however, not probable that introducing an 
endogenous risk premium would considerably 
change our results. Schmitt-Grohe and Uribe 
(2003), for instance, have shown that, introduc-
ing an endogenous risk premium to a standard 
macro model with plausible parameter values 
does not considerably affect the dynamics of 
the model at business cycle frequencies, except 
that the random walk property of the model is 
removed. 

(1) 

(2) 

(3) 

(4) 

(5) 
3 For discussion about these papers, see also Taylor 

(2001), p. 263–267.

4 In Svensson (1998), the exchange rate target actually 
seemed to imply a slight increase in the volatility of out-
put. 

5 The member state, for example, takes the interest rates 
as given and a relatively large share of its foreign trade is 
assumed to consist of intra-union trade. 
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(6) 

(7) 

(8) 

(9)  

(10) 

All variables, except interest rates, are in loga-
rithms. Inflation variables of both the union and 
the single country are defined as consumer price 
inflation. That is, πt ≡ pt

c – pc
t–1 and πt

m ≡ pt
mc 

– pmc
t–1, where pt

c and pt
mc are the price levels 

of the consumption goods of the union and the 
member state. The nominal exchange rate (et) 
is defined as the domestic price of foreign cur-
rency. Accordingly, the real exchange rates of 
the union and the member state are defined as 
qt = et + pt

cf – pt
c and qt

m = et + pt
cf – pt

mc where 
pt

cf is the price level outside the union that is 
normalised to zero.6 The potential outputs (y*, 
ym*), the equilibrium real interest rate of the un-
ion (r*) and the central bank’s targets for union 
inflation (π*) and real exchange rate (q*), are 
assumed to remain constant over time and thus, 
they are standardised as zeros as well.

Equation (1) represents the reaction function 
of the ECB. Although the policy instrument is 
the nominal interest rate, it, the ECB actually 
tries to adjust the ex-ante real rate of interest  
(rt ≡ it – Etπt+1) of the whole union7 through 
its forecast of the future inflation. Using ex 
ante real interest rate rather than the nominal 
interest rate in modelling the policy rule sim-
ply follows the original practice of Haldane and 
Batini, and it addresses the role of forecasts as 
the basis for monetary policy decisions for the 
central banks. In all policy rule specifications 
examined, the central bank responds at least to 

deviations of the expected inflation and output 
from their desired levels, (Etπt+1 – π*) and (yt 
– y*). The different policy rule candidates differ 
from each other only with regard to the extent 
to which the central bank reacts to deviations 
of the real exchange rate from its equilibrium 
level8, that is, to (qt – q*). Thus, here we abstract 
from the problems related to the uncertainties 
in measuring the equilibrium exchange rate. 
The right hand side of the policy rule equation 
also includes the lagged real interest rate, which 
reflects the central bank’s urge to smooth its 
interest rate changes. 

Equation (2) represents the IS curve of the un-
ion economy, relating the deviation of the real 
output from its potential level (yt – y*), to the ex 
ante real interest rate and the real exchange rate 
as well as to the lagged and the lead term of the 
output. The lead term of the output is motivated 
by McCallum and Nelson’s (1997) work that 
shows the similarities between the ISLM mod-
els and a fully optimising general equilibrium 
model9. The lagged output is more an ad hoc 
increment to the model, and it tries to capture the 
sluggishness of the output, created by adjustment 
costs. The shock term (ε1t) is a mixture of shocks 
to the domestic aggregate demand of the union 
and the shocks to the foreign output. Equation 
(3) is an uncovered interest parity condition. It 
contains neither an explicit foreign exchange 
risk premium nor shocks to the foreign interest 
rate (it

f). Instead, both the noise in the foreign 
exchange rate market including shocks to the ex-
change risk premium and the foreign interest rate 
shocks, are included into the shock vector (ε2t). 
Equation (4) is the mark-up equation, according 
to which domestic output prices are a constant 
mark-up over the average of the nominal wage 
rate of the current and the preceding period. 
Here the mark-up is standardised as zero. Equa-
tion (5) is the nominal wage-contracting equa-
tion. It says that the consumption wage today is 
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6 The variables of the single member state are separated 
from the union variables by superscript m.

7 Accordingly, the real interest rate of the single member 
state is given by rt

m = it – Et
mπt+1.

8 The exchange rate could be defined e.g. as the trade-
weighted exchange rate or the exchange rate between the 
Euro and the USD.

9 According to the authors, the IS equation can be thought 
as representing a linearised version of the Euler equation 
that relates the expected marginal utilities of the current 
consumption and the consumption in the following period. 



Finnish Economic Papers 1/2005 – Petri Mäki-Fränti

34

a weighted average of the nominal wages of the 
previous period and the expected wages during 
the next period. The crucial assumptions of this 
equation is that wage contracts last two periods 
and a given cohort of workers is interested in 
nominal wages relative to the nominal wages of 
the other cohorts of the labour force. The output 
gap term on the RHS of (5) in turn, captures the 
tightness of the labour market.10 Equation (6) 
defines the consumption price index of the mon-
etary union as a weighted average of the prices 
of domestic goods and imported foreign goods. 
The log of the price level of the foreign goods 
is normalised to zero. In the IS equation (7) that 
determines the output demand of the member 
state there is now an additional explanatory vari-
able  yt–1 reflecting the dependence of the output 
demand of the member state from the intra-un-
ion trade. Accordingly, in equation (10) the con-
sumption prices of the member state are defined 
as a weighted average of production prices of 
goods produced in the home country, inside the 
monetary union and outside the union.11 Equa-
tions (8) and (9) are the member state analogues 
to equations (4) and (5). Overall, exchange rate 
has a two-fold role in the transmission process 
of the monetary policy to inflation rates and out-
puts of both the member state and the rest of the 
union. Consider, for instance, the appreciation 

of the real exchange rate. At first, the apprecia-
tion reduces net exports because of expendi-
ture switching. Reduced net exports widen the 
output gap, which decreases inflation pressures. 
Secondly, the appreciation of the exchange rate 
reduces consumer prices with a lag of one quar-
ter through its effect on import prices. The net 
effect of the appreciation therefore is a decrease 
in both inflation and output. To offset the con-
tractionary effects of the appreciation, an inter-
est rate decrease is thus called for.

3. Calibrating the model

The parameter values are in most cases based on 
the studies by Peersman and Smets (1999), Ball 
(1997), and Batini and Haldane (1999). Unfortu-
nately, direct empirical estimates were not avail-
able for all of the parameter values, however. In 
these cases some impulse response analyses was 
carried out to guarantee the sensibility of the 
chosen parameter values. In addition, the results 
were found to be robust, when small changes 
were made to the values of the parameters, one 
at a time (the results are not reported to save 
space). Beginning with the policy rule equation, 
the coefficient of inflation in the central bank 
reaction function (θ1) is set equal to 0.5, where 
we follow Batini and Haldane (1998)12, 13. The 
coefficient for the output gap (θ2), in turn, is set 
equal to 1. The relatively high value for the co-
efficient value of the output gap is roughly in 
line with the findings of Peersman and Smets 
(1999) and Ball (1998). According to these stud-
ies, the efficient monetary policy rule should put 
higher weight on output gap than the weight of 
0.5 that was used in the Taylor’s original specifi-
cation. The parameter γ is set equal to 0.6, which 

10 The specification differs from Batini and Haldane 
(1998), in which the wage setting was modelled with real 
wage instead of nominal wage contracting. The nominal 
wage specification was chosen here because it implied more 
plausible impulse responses. In addition, although nominal 
contracting admittedly implies to the model less inflation 
persistence than real wage contracting, our specification 
may be considered also empirically justified by the results 
of Coenen and Wieland (2000). The study compared the 
empirical fit of a nominal wage contracting model and 
three different versions of the relative real wage contracting 
model using aggregated European data. According to the 
results, both nominal and real wage version of the models fit 
the data fairly well, although the best fit was obtained with 
a real wage specification, which again also implied more 
persistence to the inflation process.

11 Note that the model does not contain a LM equation 
characterizing the equilibrium in the money market. In fact, 
the money supply is totally ignored from the model. Batini 
and Haldane s̓ model contained a LM equation but it was 
found to be largely redundant as the changes in money sup-
ply were assumed to be accommodated by money demand 
at any given level of interest rates. 

12 Batini and Haldane (1998) motivated setting the infla-
tion gap coefficient equal to 0.5 by some previous simula-
tion studies.

13 Rearranging the terms of the equation (1), it is seen 
that the rule is equivalent to a policy rule for the nominal 
interest rate with θ1 = 1.5. Thus, our choice of θ1=0.5 is 
also in line with Peersman and Smets (1998), in which the 
inflation coefficient for the euro area monetary policy in 
most cases got values between 1 and 2, depending on the 
exact specification of the estimated rule.
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suggests a rather strong interest rate smoothing 
motive for the central bank, where we follow 
again Peersman and Smets (1999). The coef-
ficient for the real exchange rate (θ3) is set to 
0.25 in the deterministic simulations, while in 
the stochastic simulations many alternative val-
ues were tested. The parameters α1 and α2 of 
the IS equation of the union are set equal to 0.8 
and 0.2, following the example of Batini and 
Haldane (1998). Hence, the agents are assumed 
to be mostly backward looking. The parameters 
α3 and α4 that describe the elasticities of the un-
ion total demand to the real interest rate and the 
real exchange rate, respectively, are given values 
of -0.6 and 0.2, where we follow Ball (1998)14. 
Unfortunately, there were not available any em-
pirical studies about the European labour market 
that would have directly offered the parameter 
values for the contracting equation. So, these 
values had to be set more or less arbitrarily. 
Luckily, the chosen parameter values seemed 
to provide plausible impulse responses. In the 
contracting equations of the model (Eq 5), the 
parameter χ0 is set to 0.5, which implies equal 
weights for backward and forward lookingness. 
The parameter χ1 that measures the sensitivity of 
output to nominal wages is set to 0.1. 

Some of the values for parameters determining 
the openness of the member state economy had 
to be set more or less arbitrarily, because there 
were not available a complete set of estimates for 
the parameters of any small EMU member state. 
When possible, the parameters were, however, 

chosen to represent the Finnish economy. Thus, 
the parameter β5 that measures the elasticity of 
the member state aggregate demand to changes 
in the lagged demand in the union area, is set 
equal to 0.2, which corresponds roughly to the 
20% share that the exports from the union area 
contributes to the aggregate demand of Finland. 
The exchange rate elasticity β4 had to be set more 
on ad hoc basis to 0.3, implying that exports out-
side the union forms a greater share of the ag-
gregate demand in the member state than in the 
rest of the union. The most important asymmetry 
between the union and the small member state 
comes with the equations (6) and (10), which 
determine the consumer prices as weighted aver-
ages of the prices of both domestic and imported 
goods. Because the shares of imported goods of 
the total consumptions (φ and κ) were not avail-
able, these shares are approximated by the shares 
of foreign trade of goods and services over the 
GDPs. For the whole union, the weighting pa-
rameter φ is set to 0.8 so that (1–φ), reflecting the 
share of trade to outside the union, gets a value 
of 0.2. For the small member state the weight of 
the domestically produced goods (κ) gets a value 
of 0.6, while the share of imports from inside 
the union () is set to 0.1. With 30% share of its 
consumption consisting of goods produced out-
side the union, the member state is slightly more 
open than the union on average. Parameters β1 
and β2 that determine the rate of forward-look-
ingness of the goods markets of the member state 
are set to 0.6 and 0.215. Finally, the parameters 

Table 1. The parameter values of the model.

θ1 θ2 γ α1 α2 α3 α4 β1 β2 β3 β4 β5

0.5 1.0 0.6 0.8 0.2 -0.6 0.2 0.6 0.2 -0.6 0.3 0.2

χ0 χ1 ψ0 ψ1 φ κ ϑ σ1t σ2t σ3t σm1t σm3t

0.5 0.1 0.5 0.1 0.8 0.6 0.1 4.87 0.76 0.57 1.6 1.63

14 Ball s̓ (1998) focus was actually small to medium-sized 
open economies, such as Canada or Australia. The param-
eter values adopted in the paper sound, however, plausible 
also for the EMU area since they correspond to the con-
sensus view, according to which the monetary condition 
index (MCI) that measures the relative sensitivity of output 
to changes in the interest rates and exchange rate for EMU 
takes a value of about 3. See, e.g., Ball (1998), p. 5 or 
Mayes and Viren (1998).

15 β1 was given a lower value than α1, because it is 
assumed that the current output of the member state is 
affected also by the lagged value of the union output.
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ψ0 and ψ1, describing the labour markets of the 
member state are set to 0.5 and 0.1 as in the case 
of the rest of the union.

When the model was solved, some of the 
nominal variables, namely the consumer and 
producer prices, the nominal exchange rate and 
nominal wages turned out to contain a unit root. 
The presence of the unit roots implies that the 
variables converge to new equilibrium levels 
instead of the old steady states after a tempo-
rary shock. The unit root in some of the nominal 
variables is, however, well in accordance with 
the empirical evidence of the time-series prop-
erties of these variables. Otherwise the model 
appeared as dynamically stable so that the vari-
ables returned quickly to their long-run equilib-
rium values after the shocks.16 

All the five different shocks of the model 
were considered in the simulations. The shocks 
include the mixtures of the domestic demand 
and foreign output shocks for both the member 
state and the rest of the union, an exchange rate 
shock that was defined as a mixture of different 
shocks as well, and the labor market shocks. 
The shocks were generated from an estimate 
of the covariance matrix of the shocks. The 
covariance matrix as well as the autocorrela-
tions of the shocks was calculated using fore-
cast errors from the NiGEM model, which is 
a large structural econometric model on the 
world economy. The series for the forecast er-
rors were provided by the Research Institute of 
the Finnish Economy. The demand and labor 
market shocks of the member state are forecast 
errors of the equations describing the goods and 
labor markets of Finland. The series for the de-
mand and labor market shocks of the rest of 
the union were created by aggregating the fore-
cast errors from the corresponding equations of 
five large EMU countries (Germany, France, 
Spain, Italy, Netherlands) to single European 
shocks. The exchange rate shocks are drawn 

from the forecasting equations for the nominal 
exchange rate between ECU/USD. The period 
from which the forecasting errors are calculated 
is 1984:1–2001:1. The member state (Finland) 
appeared to be hit by considerably larger shocks 
than the rest of the union. The variance of the 
supply shocks is roughly eight times larger and 
that of the demand shocks still four times larger 
than the corresponding union wide shocks. The 
demand and supply shocks are however still 
relatively small when compared to the size of 
the exchange rate shocks with their estimated 
variance of 23.7%. The large volatility of the 
ECU/USD rate is well-known fact, while the 
large difference in the size of the supply and 
demand shocks between the member state and 
the rest of the union is a more surprising find-
ing.17, 18

Finally, to gain intuition of the mechanics 
of the model, Figure 1 below shows impulse 
responses of some of the key variables of the 
model to a one standard deviation unexpected 
increase in the real interest rate. It can be seen 
that the effects of the shocks are as expected of 
their sign. In addition, the responses are fairly 
short-lived so that the outputs and inflation rates 
of both the union and the member state return 
to their original levels in two years and the real 
interest rates and real exchange rates in one and 
a half year.

4. Results

Unless mentioned otherwise, it is assumed that 
the central bank attempts to minimise the loss 
function of the monetary union, the uncondi-

17 Although also Bayoumi and Eichengreen (1992) found 
considerable asymmetries between the supply shocks of the 
core and periphery countries of the EC, the shocks hitting 
the periphery were only two times larger than the shocks 
of the core countries. A partial explanation for the large 
variance of the Finnish shocks is provided by the years of 
the deep recession in the Finland during the sample period. 
Also the more specialised production structure of Finland 
provides an intuitively appealing explanation for the larger 
shocks.

18 The estimated autocorrelations for the shocks [ε1t , ε2t , 
 ε3t , εm

1t , εm
3t] used in the simulations were, correspond-

ingly, [0.24, 0.5, 0.55, 0.12, 0.35].

16 As noted in Uhlig (1999), the models that contain more 
than one country or one agent, in particular, may contain 
unit roots, since in this kind of models shocks may affect 
the relative stocks of wealth or capital. Even in these cases 
with permanent changes in the consumption paths present, 
as Uhlig notes, the method still gives useful results, which 
only should be used with some care. 
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tional variances of union inflation and union 
output as its arguments. To examine the con-
flicting goals between the union and the mem-
ber state, however, also the monetary policy 
that would minimise the loss function of our 
single member state is discussed. Formally, 
the loss function takes the form L = var(πt) + λ 
var(yt), where πt denotes to the inflation and  to 
the output of the union. Parameter λ that tells 
the relative weight put on stabilising output is 
given values of 0, 0.5, 1, 2 and 3. Thus, the 
first of the loss function specifications repre-
sents pure inflation targeting, while the other 
specifications correspond to the flexible infla-
tion targeting with increasing weight put on 
stabilising output. 

Assessing the possible gains from the ex-
change rate responses for both the whole union 
and the member state started from first finding 
the values of the policy rule parameters θ1 and 
θ2 that minimise the union loss function, assum-
ing that the central bank does not respond to the 
exchange rate volatility of the union at all, that 
is, setting θ3 = 0. The assumption of zero ex-
change rate response was then relaxed and new 
optimal values for the policy rule coefficients, 
now also including θ3, were found. Compar-
ing the values of the loss functions of both the 
union and the member state, corresponding to 
these two “optimal” rules, for different values 
given to the weight λ, tells the loss resulting 

from excluding the exchange rate from the 
policy rule19.

The optimal values for θ1 and θ2 (and later 
also for θ3) were searched for using a simple 
grid-search algorithm. Each step of the algo-
rithm required that the model (1–10) was first 
solved for the new values of the policy rule pa-
rameters and then 100 series of 100 observa-
tions were simulated. Since the algorithm was 
computationally rather time-consuming, the 
search was limited to the range of values be-
tween 0 and 3, with the step of 0.1. This range 
may seem as rather narrow, but also in the pre-
vious literature on monetary policy rules the 
values of these parameters have tended to re-
main inside this range. Furthermore, in most of 
our simulations, the optimal parameter values 
were located strictly inside the range, the sole 
exceptions being some cases where the optimal 
value of θ2 was equal to zero.

The results of our simulation exercises are 
shown in Tables 2 and 3 below. In the left-hand 
side of Table 2 the values of the loss functions of 

Figure 1. Impulse responses
“Unioninflation” and “membinflation” in the left panel refer to the inflation rates of the monetary union and the member 
states, while “unionprod” and “membprod” refer to their outputs. “Realexch” and “membrealexch” in the right panel refer 
to the real exchange rates of the union and the member country, respectively, whereas “unionrealrate” and “membrealrate” 
refer to their real interest rates.

19 The policy rules implied by the optimization algorithm 
are not optimal rules in the strict sense of the word, since the 
optimality requires that the central bank directly responds 
to both the state variables of the model and the shocks the 
economy faces. The lack of optimality of the central bank 
in the model can, however be maintained on the ground 
that the central bank cannot observe the structural shocks 
directly.
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the union and the member state, corresponding to 
the optimal monetary policy of the union with θ3 
= 0, are standardised as unity. Table 3 then tells 
the minimum losses of the union and the member 
state with the exchange rate response present, 
as percentage shares of the minimum losses in 
the case of θ3 = 0. The left hand sides of the ta-
bles report the results and corresponding optimal 

values for the policy rule parameters, assuming 
that the central bank’s goal is to minimise the 
loss function of the whole union. The right hand 
sides in turn, tell what the results would be, if the 
central bank minimised the loss function of the 
member state instead of that of the union.

Looking first at the results based on zero re-
sponse to the exchange rate, the central bank’s 

Table 2. Values of the loss functions with no exchange response.

Table 2 reports the results for both the union and the member state, when θ3 has been fixed to 0. The left hand side of the 
table reports the values of the loss functions and the optimal parameter values of the policy rule, when the central bank is 
minimizing the loss function of the whole union, while the right hand side reports the respective values, when the central 
bank is minimizing the loss function of the member country. λ refers to the weight of output in the loss functions. “Loss 
of union” and “Loss of member” in the left hand side have been standardised as 1:s, whereas the right hand side of the 
table tell the losses of the union and the member state relative to the values of the loss function in the left. “vol. union 
inflation”, and “vol. union output” tell the standard deviations of the outputs and inflations of the union, “θ1” and “θ2” 
report the values of the coefficients for inflation and output in the policy rule. 

Table 3. Values of the loss functions with exchange rate response.

Table 3 reports the results under the assumption that the central bank also responds to exchange rate changes. The left 
hand side of the table reports the values of the loss functions and the optimal parameter values of the policy rule, when 
the central bank is minimizing the loss function of the whole union, while the right hand side reports the respective values, 
when the central bank is minimizing the loss function of the member country. λ again refers to the weight of output in 
the loss functions. “Loss of union” and “Loss of member” tell now the relative losses of the union and the member state, 
reported as shares of the respective losses in the case of no response to exchange rate. “vol. union inflation”, “vol. union 
output”, “vol. member inflation” and “vol. member output” tell the standard deviations of the outputs and inflations of the 
union and the member state. “θ1”, “θ2” and “θ3” again tell the optimal values of the coefficients for inflation and output 
in the policy rule. 
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response to inflation turns out to be significantly 
smaller than its response to output with θ1 tak-
ing a value of only 0.5 and θ2 a value of 2.9, 
when the loss function puts equal weights on 
stabilising inflation and output of the union (i.e. 
λ = 1).20 Thus, only a small increase of the real 
interest rate is needed to calm down inflation. 
As expected, the optimal coefficient of inflation 
(output) is, however, decreasing (increasing) in 
the value of λ, when the monetary policy is set 
to minimise the loss function for the whole un-
ion.

Although our model assumes only small 
structural differences between the member 
state and the rest of the union, a look at the 
volatilities of inflations and outputs reveals that 
the member state performs significantly poorer 
than the rest of the union. The volatilities of 
the union inflation and output range between 
0.91–2.21 and 0.4–2.85, respectively, depend-
ing on the value of λ in the loss function. The 
standard deviations of the inflation and output 
in the member state, in turn, get values between 
2.44–3.82 and 5.14–5.41. Thus, the member 
state suffers in particular from larger volatil-
ity of output compared to the rest of the un-
ion. Interestingly, this is seen in particular with  
λ ≥ 1, when the union ouput is given a heavier 
weight in the loss function.

This conflict of goals between the member 
state and the rest of the union is most clearly 
seen by comparing the values of the loss func-
tions of the left and the right hand sides in the 
table. If the monetary policy were optimised for 
the member state economy (and with λ ≥ 1), the 
value of its loss function would be reduced to 
the level of 84–90% of its original value. At the 
same time, however, the loss of the rest of the 
union would increase to the level of 144–273% 
of the loss of the union in the baseline case. 

It can be seen, further, that the member state 
would gain if monetary policy responded very 
aggressively to inflation, but only modestly to 
the output. With equal weights given for in-
flation and output in the loss function of the 
member state, for instance, the optimal mon-
etary policy for the member state would require 
setting θ1 as 2.8 and θ2 as 0. Intuitively, these 
results simply reflects the fact that rather small 
share of the aggregate demand of the member 
state consists of trade with the rest of the union. 
Instead, the output of the member state is fairly 
sensitive on both the real interest rate and the 
real exchange rate that directly depend on the 
inflation rate of the member state. The member 
state inflation, in turn, is affected by the union 
wide inflation, controlled by the central bank.

Turning next to the policy rule with the cen-
tral bank also responding to the exchange rate 
movements, the simulations were carried out by 
finding the optimal values for all three coeffi-
cients in the policy rule. The optimal values for 
parameters θ1 and θ2 were again searched from 
the range of 0 and 3, while in order to reduce 
the computational burden, the candidates for 
the exchange rate coefficient was chosen from 
a range of (0, 0.1, 0.25, 0.5, 0.75, 1, 1.5). The 
coefficients of the optimal policy rule as well as 
the values of the loss functions of the union and 
the member state are shown in Table 3.

It can be seen, first, that responding to the 
exchange rate decreases the minimum values 
of the loss functions of both the member state 
and in the rest of the union. The optimal values 
for θ1 and θ2 for the union remain roughly the 
same as in the case without the exchange rate 
response. From the point of view of the whole 
union, the optimal exchange rate response seems 
to be rather modest so that the best outcome is 
achieved with θ3 ranging from 0.1 to 0.25, de-
pending on the value of λ. With this policy, the 
minimum loss of the union would be reduced 
to 93–98% of its original level. The reduction 
of the loss is mainly due to the reduced volatil-
ity of output, while the volatility of inflation 
remains roughly at its original level. Central 
bank’s possibilities to reduce the volatility of 
the union output seem to be limited, however, 
since the optimal value of θ3 does not exceed 
0.25 even with the highest values of λ. 

20 Note that since Eq. 1. in the model assumes the real 
instead of the nominal interest rate as the central bank s̓ 
policy instrument, the values of θ1 below unity still fulfil 
the Taylor principle, according to which the central bank 
should always react to increased inflation by a real interest 
rate rise to avoid price indeterminacy in its monetary 
policy. In the policy rules with nominal interest rate in the 
left hand side of the policy rule the Taylor principle requires 
the inflation coefficient to exceed unity.
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The finding is in line with the studies by Ball 
(1998), Taylor (1999), and Svensson (1998), 
according to which only modest improvements 
in the performance of the union economy are 
available through exchange rate stabilisation. 
The result is not surprising, given that the ba-
sic structures of the models of those papers so 
closely resemble our model. Also the loss of 
the member state is reduced if the central bank 
responds to the real exchange rate of the union, 
but interestingly, although the member state is 
assumed to be more open than the rest of the 
union, for most of the values of the weight pa-
rameter λ, the union as a whole gains more than 
the single member state. Intuitively, the result 
can be explained by the fact that the inflation 
rates of the union and the member state still 
differ quite much from each other. This draws 
a wedge between the real exchange rates of the 
union and the member state, which reduces the 
member state’s benefit from central bank’s re-
sponses to the union exchange rate.

It was seen that the union would benefit more 
from the modest exchange rate response than the 
member state when the monetary policy is set 
to minimise the loss function of the whole un-
ion. It is, however, also possible to significantly 
reduce the volatilities of inflation and output of 
the member state by the central bank’s response 
to the exchange rate. That would only require a 
much stronger exchange rate response from the 
central bank than what is optimal for the whole 
union. The bottom row of Table 3 reveals that 
if the common monetary policy was set to mini-
mise the volatilities of inflation and output of 
only the member state, θ3 should be set equal 
to 0.75–1, depending on the value of λ (θ1 and 
θ2 taking roughly the same values than without 
the exchange rate response). With this monetary 
policy rule, the loss of the member state would 
be reduced to the level of roughly 80% of that 
of the case of no exchange rate response at all 
and the monetary policy set to minimise the loss 
function of the union. Table 3 also reveals that 
the member state still would gain from relatively 
more aggressive responses to inflation than to 
output, compared to the rest of the union. More-
over, the conflicting goals between the member 
state and the rest of the union are now more 
clearly seen with every value for λ.

The member state was not only modelled as 
more open against the rest of the world, but 
its economy was also assumed to face differ-
ent demand and labour market shocks than the 
rest of the union. The sensitivity of the results 
with regard to the assumptions of the varianc-
es of the structural shocks facing the member 
state is discussed with the aid of tables 4 and 
5. They are calculated assuming that the vari-
ances of the output and labour market shocks 
facing the member state are reduced to about 
40% of their original variances. As expected, 
smaller structural shocks imply significant de-
crease in the minimum loss of the member state. 
The two rows labelled as “Loss of union/memb 
% of basel.” in tables 4 and 5 report the val-
ues of the loss function of the union and the 
member state as shares of the loss in the case 
of original variances of the shocks. The value 
of the loss function is reduced to the level of 
70% (80%) of its value in the baseline model 
with (without) the central bank responding to 
the exchange rate. The gain of the member state 
is mainly seen as a reduction in the volatility 
of its output, while the volatility of inflation 
is only slightly reduced. The conclusions on 
the optimal monetary policy remain, however, 
roughly unchanged compared to the baseline 
case of higher variances of the member country 
shocks. The optimal values for coefficients θ1, 
θ2 and θ3 do not considerably change either in 
the case of the union or the member state or 
with and without the exchange rate response. 
Moreover, adopting the exchange rate would 
still benefit more the union as a whole than the 
single member state considered.

Since some of the parameter values of the 
model had to be set more or less on ad hoc ba-
sis, it was necessary to do some sensitivity anal-
ysis. The sensitivity analysis was carried out by 
simulating the model by using four alternative 
parameterizations, which slightly differed from 
the one that was used in the baseline set-up. 
In the first of the alternative parameterizations 
the member state economy was assumed to be 
still more open towards the rest of the world, 
by setting β4 = 0.6 and κ = 0.4. The second 
of the alternative specifications assumed that 
the member state economy is more open both 
towards rest of the world and rest of the un-
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ion, by setting κ = 0.4, β1 = 0.4, β4 = 0.6 and  
β5 = 0.6. The third of the specifications exam-
ined the sensitivity of the results on the assump-
tions made of the degree of forward lookingness 
of the goods and labour markets of the member 
state and the rest of the union. Thus, both the 
goods and labour markets in the union and the 
member state were modelled as more forward 
looking than in the baseline parameterization. 
The goods market weights α1 and α2 were given 

values of 0.5, while β1 and β2 were set to 0.3 
and 0.5, respectively. Furthermore, the labour 
markets parameters χ0 and ψ0 were both set to 
0.2. In addition, the interest rate smoothing pa-
rameter in the policy rule (γ) was given a value 
of 0.3. The openness of the member state was 
assumed to be the same as in the baseline pa-
rameterization.

The fourth of the alternative specifications 
was a combination of the previous ones, both 

Table 4. Values of the loss functions with no exchange response, when the member state faces smaller shocks than in the 
baseline case. 

Table 4 is analogous to table 2, except that now rows “Loss of union, % of basel.” and “Loss of memb, % of basel.” report 
the losses of the union and the member state as shares of the losses in the cases of the initial variances of the shocks.

Table 5. Values of the loss functions with exchange rate response, when the member state faces smaller shocks than in 
the baseline case.

Table 5 is analogous to table 3, except that now rows “Loss of union, % of basel.” and “Loss of memb, % of basel.” report 
the losses of the union and the member state as shares of the losses in the cases of the initial variances of the shocks.
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modelling the member state more open towards 
the rest of the union and rest of the world and 
assuming the goods and labour markets of the 
union and the rest of the union to be more for-
ward looking than in the baseline specification. 
More specifically, it was assumed that α1 = α2 
= 0.5, β1 = 0.2, β2 = 0.5, β4 = 0.6, β5 = 0.3,  
χ0 = ψ0 = 0.2, γ = 0.3 and κ = 0.4. 

The simulation results for the alternative pa-
rameterizations are reported in tables A1.–A8. 
in the Appendix. All in all, the simulation re-
sults based on the alternative parameterizations 
do not considerably differ from those based on 
the baseline parameterization. The union still 
seems to benefit slightly more from the cen-
tral bank’s exchange response than the single 
member state, when the policy stance is set to 
minimise the loss of the union, although also 
the gain of the member state from the exchange 
rate response seems to be slightly larger than 
in the baseline parameterization. The optimal 
value of θ3 for the union mainly ranges between 
0.25 and 0.5. 

As expected, when the member state is ex-
pected to be more open against the union and 
the rest of the world, the optimal monetary 
policy, defined purely from the point of view 
of the member state, would require heavier ex-
change rate response than in the baseline case. 
The optimal value of θ3 for the member state 
would now range between 0.75 and 1.5, de-
pending on the value of λ. Also more forward 
looking goods and labor markets seem to call 
for more aggressive response to the exchange 
rate for the member state. Also when it comes to 
the optimal values of the other two policy rule 
parameters, θ1 and θ2, our previous conclusions 
remain largely unchanged. The minimum loss 
for the whole union is achieved when the policy 
rule puts higher weight to output than to infla-
tion, while the member state would still benefit 
more from central bank’s aggressive response 
to inflation than the rest of the union. Now, 
however, responses to the exchange rate and the 
output seem to become substitutes to each other 
for the member state in the last three of the al-
ternative specifications, for λ ≥ 1. Under zero 
exchange rate response, the optimal value for θ2 
in these specifications ranges between 2.5 and 
2.9. When the central bank is also allowed to 

respond to exchange rate fluctuations, the loss 
of the member state would again be minimised 
with only modest response to output. 

5. Conclusions and discussion

In this paper we have used a small, calibrated 
macro model to examine, whether it would be 
optimal for the European Central Bank to re-
spond to deviations of the real exchange rate 
of euro from its equilibrium level. The results 
suggest that from the point of view of the whole 
union economy, the central bank should respond 
at most moderately to the exchange rate. Thus, 
the conclusion is in line with the previous lit-
erature, concerning not only the desirability to 
stabilise the exchange rate, but also the desir-
ability for central bank to stabilise asset prices 
in general. When the central bank also responds 
to the exchange rate when setting its monetary 
policy, it is, however the union that benefits 
slightly more from the exchange rate response 
than the relatively more open small member 
state considered. The result is due to the wedge 
between the real exchange rates of the union 
and the member state. The member state would 
only benefit more from central bank’s response 
to the exchange rate than the rest of the union 
if the response is rather strong. 

Our results also suggest that the common 
monetary policy does not seem to fit to the 
member state when it comes to central bank’s 
optimal responses to inflation and output. The 
union would benefit from rather strong re-
sponse to output, while only slight increase of 
the real interest rate is needed to calm down 
inflation. The single member state, in contrast, 
would gain from very strong response to infla-
tion, while the performance of its economy is 
almost unaffected by the central bank’s output 
target with most of the different parameteriza-
tions of the model considered. The weak role of 
the stabilisation policy of the central bank for 
the member state reflects the assumed low share 
of exports from the member state to the union. 
The inflation rates of the union and the mem-
ber state seem, however, to move more hand in 
hand so that controlling the union inflation, the 
central bank also effectively can affect the real 
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interest rate and also the real exchange rate of 
the member state. 

Furthermore, the results suggest that the 
larger demand and labor market shocks that 
the member state was assumed to be facing, 
account for at least as important share of the 
weaker performance of its economy as do the 
small structural differences between the union 
and the member state. Thus, it seems not to be 
possible to stabilise the volatility of the inflation 
and output of the member state to the same level 
with the whole union only with active exchange 
rate policy. On the other hand, the magnitude 
and the covariance structure of the shocks used 
in the simulation were estimated from historical 
data from Finland, prior the EMU. As a member 
of the monetary union, the demand and supply 
shocks facing the member state are, however, 
likely to become smaller. 
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Appendix: Sensitivity analysis

The explanations for the contents of tables A1–A8 are the same as those for the tables 1 and 2.

Table A1. The alternative model nr. 1 with β4 = 0.6 and κ = 0.4 and with no exchange response.
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Table A2. The alternative model nr. 1 with β4 = 0.6 and κ = 0.4 and with exchange response.

Table A3. The alternative model nr. 2 with κ = 0.4, β1 = 0.4, β4 = 0.6 and β5 = 0.4 and with no exchange response.

Table A4. The alternative model nr. 2 with κ = 0.4, β1 = 0.4, β4 = 0.6 and β5 = 0.4 and with exchange response.
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Table A5. The alternative model nr. 3 with α1 = α2 = 0.5, β1 = 0.3, β2 = 0.5, χ0 = ψ0 = 0.2, γ = 0.3, and with no exchange 
response.  

Table A6. The alternative model nr. 3 with α1 = α2 = 0.5, β1 = 0.3, β2 = 0.5, χ0 = ψ0 = 0.2, γ = 0.3, and with exchange 
response.

Table A7. The alternative model nr. 4 with α1 = α2 = 0.5, β1 = 0.2, β2 = 0.5, β4 = 0.6, β5 = 0.3, χ0 = ψ0 = 0.2, γ = 0.3,  
κ = 0.4, and with no exchange response. 
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Table A8. The alternative model nr. 4 with α1 = α2 = 0.5, β1 = 0.2, β2 = 0.5, β4 = 0.6, β5 = 0.3, χ0 = ψ0 = 0.2, γ = 0.3,  
κ = 0.4, and with exchange response.




