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ABSTRACT

This paper investigates with a structural, quantitative maao model, whether the ECB
shoud include the red exchange rate into its reaction function. The problem is
considered from viewpoints of both the whole monetary union and a single member
courtry with a national econamy more open than the union econamy on average.
According to the results, the member courtry would benefit from the exchange rate
stabili zing more than the rest of the union. It appeas however, that the asymmetries
of the external shocks fadng the econamies may be amore important fador behind
the larger volatility of the inflation and ouput of the member courtry than the
structura differences.
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1. Introduction

During the first threeyeas snceits adoption, the euro has lost more than 20% of its
value against the US ddllar. The depreciation d the airo has given hirth to a lively
debate anong emnamists, whether the ECB should intervene the aurrency markets to
suppat the weekening euro. The opporents of the intervention highlight that the
primary goal of the ECB is to target inflation, and nd to take cae of the exchange
rate. According to the proporents, on the other hand, when inflation is measured as
CPI inflation the rise in the prices of imported good because of the depredation o
the awro make it aso more difficult to reach the inflation target. A prolonged
deviation d the euro from its equili brium rate may also dsturb the world financial
markets and the exchange rate uncertainty may dampen investment and employment.

The problem whether the ECB shoud pay attention to stabilizing the exchange rate of
the auro is also apart of the discusson whether the Euro area can be considered as an
optimal currency area Because of the asymmetries in bah the monetary transmisson
mechanisms and in the business cycle pattern between the member countries, the
same monetary policy does not necessarily fit for all member courtries. For example,
there are considerable differences in the degreeof opennessof the member courtries,
measured as the share of foreign trade with courtries outside the union. Moreover, the
exogenows shocks to aggregate demand and productivity don't hit the single member
eonamies symmetricaly. Still the ECB has to target only the union wide averages of
these variables.

The research problem

In short, the research problem of this gsudy is to investigate with a structural,
guantitative maao model, whether the ECB shoud include the red exchange rate & a
variable into its readion function. The problem is considered bah from a viewpoint
of the whoe monetary union and from that of a single member country with a
national econamy differing largely from the averages of the whde union. The
diff erences between the single @urtry and the union are related bah to the openness
and to the business cycle pattern of the eonamies. One of the goals of the study is
also to examine whether the union's one-size-fits-for-al monetary padicy can creae
significant welfare losses because of increased deviations of inflation and ouput in
some of the EMU’ s member courtries.

The study is conduwcted by spedfying a quantitative, cdibrated maaomodel that is
consistent with bah emnomic theory and data. The macro model is a small “New
Keynesian” model consisting of a simple monetary palicy rule and equations covering
the esential fedures of both the whaoe monetary union and a small member courtry.
After the model is lved, it is sSmulated under a number of alternative parameters for
the monetary pdicy rule with dfferent weight put on stabilizing exchange rate
variation. The performance of the rules can then be compared by calculating the
uncondtional variances of the inflation and ouput from the simulated series.

The paper proceeals as follows: The Chapter 2 presents a brief overview for the
previous literature. The theoreticd framework of the study is introduced in the Ch. 3
in which also the theoreticd plausibility of the modd is asesed with some
deterministic pdicy simulations. Chapter 4 contains the results of the pdicy rule



evaluation when the focus in only on the performance of the eonamy of the monetary
union as a whale. In the Chapter 5, then, the analysis is extended to cover also the
performance of a single member courtry, in which the transmisson pocess of the
monetary policy somewhat differs from the union averages. Chapter 6 concludes.

2.Thepreviousliterature

Including a dired exchange rate target to the monetary palicy rule has been dscussd
e.g. by Ball (1998, Taylor (1999 and Svensn (1998*. Each of the studies approach
the problem from dlightly different viewpoint but a cmmon feature of all these
studiesisthat the cantral bank pdicy rule is assumed to be of the form

2.1) i, =am + By, +A.g + A6, Where

. =inflation, y, = output, e = red exchange rate and a, [, A, and A, are
parameters.

Ball uses a small maacomodd to argue that in an open econamy the central bank
shoud take the exchange rate into accourt in its paicy by including the monetary
condtion index (MCI), that is, a weighted average of the interest rate and the
exchange rate, into its readion function. For the parameter A, Ball' s gudy implied an

optimal value of —-0.37 and for A, a value of 0.17. The dternative padlicy rule

considered in Ball's gudy for comparison, the pure inflation targeting, would instead
creae large fluctuations in exchange rate and ouput. .

Taylor (199) in turn, smulates ECB interest rate rules in a dynamic stochastic
multi courtry model for seven large courtries. In the study the euro area was modeled
by asauming fixed exchange rates between Germany, France and Italy and a single
short term interest rate. When the performance of the original Taylor rule was
compared with that of arule that contained also the nominal euro/USD exchange rate
as an argument, with A, =-0.25and A, = 0.15, reither of the rules drictly dominated

the other. Instead, for some ourtries (France and Italy) the pdicy rule with the
exchange rate target led to better performance while for Germany, this padlicy rule
implied poaer performance

Svenson (1998 compares wveral variants of inflation targeting in an open econamy
setting. The different rules considered include targeting of CPI and damestic inflation,
strict and flexible inflation targeting, and inflation-targeting readion function and the
Taylor rule. For equation 2.1) Svensn' s gudy asuumed valuesA, = -0.45and A, =

0.45. Analyzing the optimal monetary policy resporses to many different shocks the
author concludes that flexible CPI targeting stands out as successul in limiting the
variability of CPI inflation, ouput gap and red exchange rate.

To sum up the conclusions of al the three studies, the exchange rate does not seam to
play very important role in the pdicy rule of even open econamies. Adopting an
exchange rate target implied oy small reductions in the volatiliti es of inflation o

! For discusson about these papers, see #so Taylor (2001).



output, although some of the models assumed rather large values for A, and A,. In

Svensons gudy the exchange rate actually seaned to imply a slight increase in the
volatility of output. The intuition behind this result is based onthe indired effed of
the exchange rate on the interest rate, that was built in to the models by assuming
rational expedations and some inertia.

The desirability for the central bank to react to exchange rate changes ultimately
depends on the nature of the exchange rate shocks. If the exchange rate change reflect
only changes in economic fundamentals, there is no reed for centra bank
intervention. The ultimate causes for the depreciation d Euro has recently been
examined eg by Grauwe (2000. The study fails to find any stable link between the
fundamentals and the auro/USD exchange rate. Instead, the euro/USD rate seems to
be driven by the investors' expedations® so that the strong weakening of the Euro
rather results from more or lessirrational behavior among investors than from the
productivity differences between the US and the euro area If Grauwe's reasoning is
correct, ore mnsequence is that the dfediveness of the centra bank’ interventions
may be weger than commonly believed, since the investors expedations become
more difficult to affed.

Wallius (2001 criticizes Grauwe's choice of data, since Grauwe's estimations are

made using the realized values of the fundamentals for measuring market participant’s
expedations. By using data mnsisting of the expedations rather than the realized
values, Walli us provides sme informal evidence that shocks to some fundamentals,
particularly the short term red interest rates, after al, can explain the weaening of
the Euro. Rogoff (2001), in turn, argues in terms of a theoretical model that because
of trade friction, bdh the global goods and capital markets are much less integrated
than commonly believed. It foll ows that under highly segmented goods market, only a
small change in fundamentals is neaded to create large but fully rational changes in
the exchange rate. In addition, the danges in the exchange rate has much less
feedback to the red economy than is usually expeded.

Investors' portfolio adjustments provide for the weakening of euro an interpretation
that does not hinge on either the fundamentals or investors irrational expedations.
The posdble role of the portfolio dedsions behing the exchange rate dynamics of the
euro has been dscussd eg by IMF (2001 and IFO (2002. The former of the studies
higlight the importance of the increase in the supdy of the euro-dominated assets,
while the latter of the studies focuses more on the dfeds of the rapid dedine of the
demand d the arro area wrrencies. Both studies conclude that the portfolio
diversification issues may acoourt for a sizable share of the recent depreaation d the
euro.

The importance of exchange rate shocks on the emnamic stability of EMU area
depends also onthe opennessof its econamy. E.g. Peasman and Smets (1998 argue

2 There is a grea uncertainty among investors about the relation between the exchange rates and
fundamentals. Becaise of this uncertainty, the exchange rate movements themselves “frame” the
investors beliefs of the fundamentals of the emnomies. Using these frames, agents tend to concentrate
on looking only at those e@nomic fundamentals that cen corrobarate their initial perception of the
fundamental strengthness of the e@nomy. This processcan continue until the discrepancy between the
investors' beliefs and redity grows too large and the agents have to find another fundamental to look
at.



in favor of considering the auro-area as a dosed econamy like the US and Japan,
sincethe ratio of exports to the euro areawide GDP is only abou 14%. On the other
hand, some researchers have agued that the relatively low degree of opennessof the
Euro area does not necessarily imply an insignificant role for exchange rate. Mayes &
Viren (1998, for instance, estimate Monetary Condtion Indices for groups of EMS
courtries. The results suggest that the significance of the exchange rate channel for
the monetary padlicy transmisgon to bah inflation and red variables may be much
larger in the Euro areathan could be concluded from the share of foreign trade. The
authors conclude that the transmisgon mecdhanism of the exchange rate changesis not
based solely on foreign trade but is a more complicaed process Also the tentative
results of Ranki (2001) suggest that the degree of passthrough may be much larger
than would be expeded in light of the opennessof the Euro area

The viewpoint of a single small member country to the optimal pdicy rule of a
moetary union is adually part of the discusson d the optima currency areas
(henceforth, OCA). Whether the euro area can be considered as an optimal currency
areaor nat, is discussed in Bayoumi and Eichengreen (1992) ( and Dornbusch & al.
(1998). Bayoumi and Eichengreen study the symmetry of the structural shocks in the
EC area by estimating a set of structural VAR models to the 11 EC courtries to
identify the demand and supgy shocks hitting these e@namies. The authors conclude
that only the core murtries of the EC experienced shocks with roughly the same
magnitude and cohesion than the US regions. Particularly the supdy shocks hitting
the EC periphery tend to be both larger and lesscorrelated with the shocks hitting the
neighbaing courtries. Thus, the results siggested that operating a monetary union
may be more difficult in the Euro areathan in the US.

Dornbusch & al. (1998) provide a survey of the symmetry of the monetary
transmisson mechanism in EMU area The authors conclude that due to the
differences in the financia systems, the wage-price processes and also in the degree
of opennessof the EMU courtries, the monetary processes differ widely among the
member courtries. Because of the dready ongoing restructuring of the financia
processes and the alaptation d the labor markets of the member courtries to the
changing environment, the transmisson mecdhanisms in the member countries are
however, likely to converge.

Schelkle (200]) provides an dternative standpant for the whole OCA literature. If the
exchange rates no more refled only econamic fundamentals, bu are more or less
driven by (rational or irrational) bubles, the exchange rate aljustment does no more
provide a shelter for econamic shocks. Accordingly, the presence of asymmetric
shocks is no more an acceptable agument against monetary unificaion, and
eliminating the exchange rate instabili ty becomes rather a benefit than a wst.

3. Thetheoretical model

From the methoddogicd point of view, the study at hand represents an approac that
Taylor (2001, p 263 cdls “new normative macroeanamic research”. This approach
includes buil ding a macroecnamic model containing a monetary palicy rule, solving
the model numericdly, examining the stochastic behavior of the model variables and
choasing the monetary policy rule with most satisfadory performance Further, as the
maaoeconamic model of this gudy assumes nominal rigidities, it is an example of



what Clarida & al. (1999) cdls “New Keynesian models’. It is typicd for the New
Keynesian models that they closely resemble the traditional ISLM models, whil e they
still are derived from the behavior of optimizing agents®. As McCallum & Nelson
(1997 have demonstrated, the models correspondto linea reduced form of a fully-
optimizing general equili brium models. The models are also similar in spirit with the
more mmplicated maaoemnamic models used by the central banks®. A typicd New
Keynesian model consists of a Taylor type monetary padlicy rule, an IS-curve type
relation that links the interest rate movements to the changes in aggregate demand and
an equation(s) describing the supdy side of the eonamy. The modd may also
include an LM curve equation describing the equili brium condtion in the money
market and in an open econamy setting the model is often supdemented by an
uncovered interest parity condtion for determining the exchange rate.

The model of this gudy, in particular, is based onamaao model developed by Batini
and Haldane (199). Batini’'s and Haldane’'s origina mode is meant to cgpture the
basic structure of a small open econamy (the UK) and it was used to evauate
properties of inflation forecast-based monetary policy rules. Our model is modified
from the original one-country model to cover two econamies, that is, the monetary
union as a whoe ad a single member courtry. (For convenience, the single member
courtry is henceforth referred as smply “member courtry”). More formally, the
modd is alinea difference ejuation system of ten equations, so that the eguations 1)
— 6) below charaderize the whole monetary union, while the equations 7) — 10)
describe soldly the economy of the member country. The eguations charaderizing the
whale union follow very closely the model of Batini & Haldane, whereas the rest of
the equations describing the small member courtry form the “new” part of the model.
Note that there is only one way fealbadk between the blocks. The single member
courtry takes the interest rates as given and arelatively large share of its foreign trade
Is assumed to consist of intra-union trade. The member courtry is, however, assumed
to be so small relative to the union that the union's variables are unaffected by the
performance of the economy of the single @uriry.

The main fedures of the model include firstly, that the model implies stickiness to
consumer prices, and hence some persistence to consumer price inflation. Secondy,
the model is forward-looking in nature and the expedations are asumed to be
rational. The forward looking feaures of the model appear in many forms. Firstly, in
the pdicy rule the centra bank reads to anticipated inflation. Secondly, the IS
equation may be interpreted as a linearized Euler equation, where the present
consumptionis affeded by the expeded margina utility from the consumption d the
next period. Thirdly, in the uncovered interest rate parity equation the nominal
exchange rate aljusts according to the expeded future paths of the domestic and
foreign short term interest rates. Finally, in the wage wntracting equation the workers
set their wage demand partly according to the expeded wage level of the future wage
contrads.

The macro modd.

3 Recant surveys of these “New Keynesian” models are provided by Clarida, Gali and Gertler (1999)
and Taylor (2000).
* See dso Woodford (1999).



The monetary union

3.L) 1, =y, + L= +6,[Em., -1 [+6,(y, - V) +6.(q - q))
32) Yy, - y: =a,Y,, +0,E (Y1) +aS[rt]+a4(qt) tEy

33) e =E/(g,) i, +i +&,

34) pt =1/ 2[Wt +Wt_l]

35) W, = Xo[E (We)]+ A= Xo) W]+ Xa (Y — Vi) + &5

36) pf = +(1-9)e,

The small country

3.7) Y =Y = By + BoE (YT) + Balr™ |+ Ba(a) + Bs(y,) + €]
38) p™ =1/2w" +w" |

3.9) W' = |E, (W) |+ @-wo)|w |+ w, (v - y™) + €
3.10) p™ =kp™ +9p +(L-K —I)e

All variables, except interest rates, are in logarithms. Inflation variables of both the
union and the single country, 71, and 717, are defined as consumer price inflation.

That is, 1, = p; — pg, and ;" = p™ — p.y, where p; and p/™ are the price levels
of the consumption goods of the union and the member country. The nomina
exchange rate (& ) is defined as the domestic price of foreign currency. Accordingly,

the real exchange rate is defined as g, = + p{ — p’, where p{ is the price level

outside the union. The variables of the single member country are separated from the
union variables by superscript m.

Equation 3.1) represents the ECB:s reaction function. It is assumed that while the
ECB:s policy instrument acually is the nominal interest rate, i,, it actualy tries to

adjust the ex-antereal rate of interest (r, =i, — E,m,,,) of the whole union® through its

forecast of the future inflation®. While the aim of the study is to compare the
performance of several policy rules with dightly differing specification or parameter
values, the common feature for all specifications is that the central bank responds at
least to deviations of the expected inflation and output from their desired levels,

Egt,, - and y, -V, . The desired levels of the output y; , isimplicitly assumed to
be the natural rate of output so that there are no kind of Barro-Gordon bias built in

into the model. The differences between the policy rule candidates are related to the
extent to which the central bank reacts to deviations of the real exchange rate from its

target’, that is, to g, - q" .

> Accordingly, the real interest rate of the single member country isgivenby " =i, — E/"TT,,, .

® According to the deterministic analysis, the results were not sensitive on whether the variable in the
left hand side of the equation isthe nominal or the real interest rate.

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



The theoretical motivation for inflation and output gaps as the central bank’s
objectives can be found e.g. from Woodford (1999). With a simple optimizing model
Woodford shows that it is possible to motivate a quadratic loss function with inflation
and output gap as arguments as a second-order Taylor-series approximation to the
expected utility of the economy’s representative household. Some of the assumptions
of Woodford's model, regarding eg the definition of the output gap, are somewhat
special so that some minor qualifications would actually be needed to justify the
stabilization goals of the Taylor rule using Woodford's model. For instance, the
natural rate of output should be defined as an equilibrium level that is obtained under
perfectly flexible prices, and which varies as a response to the shocks facing the
economy.

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®. This
kind of interest rate smoothing element has become a mainstream assumption in the
literature and it can be motivated e.g. by central banks’ attempt to stabilize financial
markets. Alternatively, the sluggishness in the interest rate changes can reflect central
banks' caution in the face of the uncertain information on which the central banks has
to build their decisions.

Equation 3.2) represents the IS curve of the economy, relating the deviation of the
rea output, y, from its potential level y;, to the ex ante real interest rate and the real

exchange rate as well as to the lagged and lead term of the output (a,,a, >0). It

would have been possible to include aso the long-term interest rates to the model.
This was not done however, to avoid making the model that already consists of ten
equations, excessively complex. The RHS of the equation contains both a lagged and
alead term of output. Thisis anovel feature compared to the traditional specification
of the IS curve with the current output in the RHS instead. The lead term is motivated
by McCallum and Nelson’s (1997) work that shows the similarities between the ISLM

models and a fully optimizing general equilibrium model. The lead term of the output
becomes understandable when the IS equation is thought as representing a linearized
version of the Euler equation that relates the expected margina utilities of the current
consumption and the consumption in the following period. The lagged output is more
an ad hoc increment to the model that tries to capture the sluggishness of the output,
created by adjustment costs.

Equation 3.3) is an uncovered interest parity condition. This parity condition does
not contain any explicit foreign exchange risk premium, athough any noise in the
foreign exchange rate market including shocks to the exchange risk premium, is
included into the shock vector. An alternative way of modeling the exchange rate
determination might have been an eguation that would have explicitly taken into
account the changes in the fundamentals like output, behind the exchange rate
changes. Our specification of the determination of the exchange rate is chosen mainly
because of its simplicity and because the scope of the paper is limited to short-run
considerations. The chosen approach to modeling the exchange rate of course lacks
dynamic aspects of the exchange market that becomes important in the long run, such
as the wealth effects of current account imbalancies and the intertemporal budget

8 See e.g. Kozicki (1998), p. 8.



constraints. Put in another way, the implicit assumption in our model is that the
equilibrium exchange rate € remains constant over time.

Equation 3.4) 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 standardized as zero. Equation 3.5) is the
nominal wage-contracting equation. The consumption wage today is 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 nomina wages relative to
the nomina wages of the other cohorts of the labor force. The output gap term on the
RHS of 3.5) captures the tightness of the labor market. The specification differs from
that of Batinis and Haldanes study, in which the wage setting was modeled rather with
real 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
& Wiedland (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, athough the best fit was
obtained with a rea wage specification, which again also implied more persistence to
the inflation process.

Equation 3.6) defines the consumption price index of the monetary union as a
weighted average of the prices of domestic goods and imported foreign goods. The
correct formulation of 3.6) is crucia for the results, since it is the most important
determinant of the pass-through of the nominal exchange rate rates. The role of the
exchange rate in the transmission process of the monetary policy as a whole is
actually based on two channels. At first, the changes in the real exchange rates are
transmitted indirectly, as the change in net exports affects the output gap, which in
turn partly determines inflation. The impact through the equation 3.6) is the direct
effect: A rise in the prices of imported goods raises the consumer prices, but the
extent to which the consumer prices are affected ultimately depends on the
competitive structure of the goods markets. Note that now 3.6) implies full but not
immediate pass-through of the exchange rate into consumption prices, since the
exchange rate emerges in the equation only with lag. The theoretical background for
the specifications with less than full or other than immediate pass through is primarily
based on the recent pricing to market literature®.

The basic structure of the equations 3.7) — 3.10) is largely similar to the corresponding
equations characterizing the whole union. The equations 3.8) and 3.9) are completely
analogous to their union-wide counterparts. In the IS equation (3.7) that determines
the output demand of the member country, there is now an additional explanatory
variable y, reflecting the dependence of the output demand of the country from the
intracunion trade. Accordingly, in equation 3.10) the consumption prices of the

member country are now defined as a weighted average of production prices of goods
produced in the home country, inside the monetary union and outside the union.

° See e.g. Goldberg & Knetter (1997).



Thus, the differences between the structures of the economies of the single member
country and the whole union is model ed through the parameter values in the equations
of the two blocks. The most important differences are related to parameters
determining the degree of openness of the economies, that is, the parameters

a,,B,,Bs,¢.k and 9.

The model does not contain a LM equation characterizing the equilibrium in the
money market. In fact, the money supply is totaly ignored from the mode.’® As
McCallum (1999, p. 9 —11) argues, leaving aLM relation out of the model isjustified
only if at least two assumptions are fulfilled. At first, there is the assumption that the
central bank really conducts the monetary policy only with interest rate changes and
does not pay attention to the monetary aggregates'. The second assumption is that the
monetary aggregates do not appear in the other behavioral equations of the model. In
the case of the IS relation that would mean that the transaction-cost function, which
describes the way that money facilitates transactions, must be separable in money and
income.

3.2. Solving the model

Solving the model is based on an assumption that all the behavioral relationships
above represent deviations from equilibrium. Hence, the (log) natural rates of output
of both the union and the member country, the (log) price level of the goods produced
outside the union, the interest rate outside the union, the implicit mark-ups in (3.5)
and (3.9) and foreign interest rate premium in (3.3) are normalized to zero. The values
for the parameters were primarily searched for from the previous empirical studies.
Specificaly, the parameter values of equations (3.7) — (3.10) that determine the
openness of the small member country are selected so that the member country could
be considered as representing e.g. Finland. When there were no direct estimates of the
parameter values available, the parameter values were obtained by calibration so that
they at least gave plausible impul se responses.

The model was solved by the method proposed (and software provided) by Uhlig
(1999). Uhlig's method is based on solving for the recursive equilibrium law of
motion with the method of undetermined coefficients'. In this method, the model

variables are divided into three subgroups: x,, y, and z,. Now X, is a vector of
endogenous state variables of size mx1, which isidentified as the set of variables that
isgiven at datet-1. y, isa nx1 sized vector of the other endogenous variables, while
z, is a kx1 vector of exogenous stochastic processes that hit the economy. The
equilibrium relationships between these variables can be characterized as follows:

19 Batini’s and Haldane's model contained a LM equation but it was found to be largely redundant as
the changes in money supply were assumed to be accomodated by money demand at any given level of
interest rates

! One objection to the choice of dropping the money supply from the model could be that controlling
broad money is, de jure, the second of the two “pillars’ used to achieve the ECB'’s price stability
objective.

12 The brief description of the method presented here is based on Uhlig (1999), p. 35 — 45.



3.11) 0= Ax, +Bx,_, +Cy, + Dz,
312) 0= E, [FXt+1 +GX, +HX; +Jy, tKy, +LZ,, +M Zt]
313) z,,, =Nz, +¢ .,; E [ .,] =0,

where A,B,C,D,F,G,H,J,K,L,M and N are coefficient matrices of appropriate
size. The matrices have to fulfill the following restrictions: Firstly, C is of size
| xn,I =n and of rank n. Secondly, F isof sze (m+n—1)xn, and thirdly, N has
only stable eigenvalues.

The matrix equation 3.11.) describes the deterministic equations of the modd,
whereas 3.12) is built of the expectational equations. Eq. 3.13) in turn, describes the
behavior of the stochastic processes of the economy as AR(1) —process. The ultimate
aim of solving the model is to find the recursive equilibrium law of motion, which
takes the form

3.14)) x, =Px,_, +Qz,
3.15) y, =Rx,, +Sz,

Here the vector of the endogenous state variables x, consists of
[rt Y€ W, P YW pf*J, while the vector of other endogenous variables v,
reads as |1, p¢,q,, 7, p¢" |. The vector of exogenous stochastic processes of the

model is z, = k 10 2 1€ 398 11,E ;J The matrices P, Q, R and S are such that the

equilibrium described by these rules are stable. The values for the elements of the
matrices P, Q, R, S and Z were found using the software package written for
MATLAB by Uhlig (1999). After the equilibrium law of motion has been solved, the
unconditional variances of the inflation and output variables implied by the model can
be calculated either by simulations (see the APPENDIX A, or anaytically, as Uhlig
(1999) shows.

3.3. Calibrating and assessing the plausibility of the model

The parameter values for our model are partly based on the studies by Peersman &
Smeds (1999), Ball (1997) and Batini and Haldane (1999). Where a direct empirical
estimate of a parameter value was not available, the plausibility of the impulse
responses was used as a criterion to choose between the different values. Note that the
parameter values presented below represent only a kind of baseline parameterization
of the model so that the robustness of the results of the stochastic analysis to small
parameter changesis carefully examined later in the study.

The coefficient of inflation in the central bank reaction function (6,) is set equal to
0.5. Note that because it is the real interest rate in the right hand side of the policy
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rule, this coefficient value does not contradict the well-known Taylor principle™.
Taylor principle tells that the inflation coefficient in the Taylor rule type central bank
reaction function should exceed unity or otherwise the monetary policy becomes
destabilizing.!* The coefficient for the output gap (8,), in turn, is set equal to 1. The
relatively high value for the coefficient value of the output gap is roughly in line with
the findings of Peersman & Smeds (1999) and Ball (1997). According to these studies
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 spefication™. The parameter y is
set equal to 0.6, which suggests a rather strong interest rate smoothing motive. This
follows again Peersman and Smets (1999) and their estimates for the coefficients of
the efficient rule. The coefficient for the real exchange rate (8,) is set to 0.25 in the
deterministic ssimulations, while in the stochastic simulations many alternative values
were tested.

The parameters a, and o, of the IS equation of the union, as well as the
corresponding parameters 3, and (3, of the IS equation of the member country, 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 a, and

respectively, [, that describe the elasticity of total demand to real interest rate, both

get values of -0.6. The parameters a,, and 3, , in turn, that measure how the demand
reacts to changes in the real exchange rate, get values 0.2 and 0.3. The difference
between the values a, and (3, reflects the assumption that, compared to the union as
awhole, a greater share of the aggregate demand in the member country consists of
exports outside the union. The parameter values are in line with those adopted by Ball
(1998), which are based on estimates for small to medium-sized open economies,
such as Canada or Australia. These parameter values sound, however, plausible for
also EMU area since they correspond to the consensus view, according to which the
monetary condition index (MCI) that measures the relative sensitivity of output to
changesin the interest rates and exchange rate for EMU takes a value of about 3'.

The parameter [, that measures the elasticity of the member country aggregate

demand to changes in the demand in the union area, is set equal to 0.2. This number
corresponds roughly to the share that the exports from the union area contributes to
the aggregate demand of Finland. The value of S, implies that the goods markets of

the single country and the rest of the union are only moderately connected to each

13 Rearranging the terms of the equation 3.1.) would in fact reveal that it is equivalent to a policy rule
for the nominal interest rate with 8, = 1.5.

14 For a discussion about this theoretical result. see Taylor (1999), Clarida & al. (1999) and Woodford
(2000 and 2001). On the other hand, Benhabib (1999) puts into question the stability of the Taylor rule
even in the case when the inflation coefficient exceeds unity

> On the other hand, Taylor (1999) compares the performance of alternative monetary policy rule
specifications with the US model using a number of different macro models finding that the rules with
more weight put on stabilizing output do not outperform the benchmark rule with a coefficient of 1.5 to
inflation and 0.5 to output. Moreover, the policy rules with the lagged interest rate do not seem to
dominate the benchmark rule, although the interest rate smoothing seems to work better in the models
with than without rational expectations.

16 See e.g. Ball (1998) p.5 or Mayes and Viren (1998).
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other. Therefore, our model economy doesn't ook like an optimal currency area, at
least when it comes to the integration of the goods market.

Also the labor markets are modeled similarly in the union area and the member
country. Unfortunately, there were not available any empirical studies about the
European labor 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 dynamic responses to the
shocks to the economy. In both wage contracting equations of the model (eg. 3.5 and
3.9), the parameters x, and ¢, are set to 0.5, which implies equal weights for

backward and forward lookingness. (For comparison, in Batini and Haldane (1998)
Xo Was set to 0.2.) The parameters x, and , that measure the output sensitivity of

nominal wages are set to 0.1.

The most important asymmetry between the union and the small member country
comes with the equations 3.6 and 3.10, which determines the consumer prices as
weighted averages of the prices of both domestic and imported goods. For the whole
union, the weighting parameter @ is set to 0.9 so that (1- @), reflecting the share of

trade to outside the union, gets a value of 0.1. For the small member country the
parameter describing the weight of the domestically produced goods (« ) gets a value
of 0.5, while the parameter 9 that captures the cost effects of the imports from inside
the union is set to 0.2. Hence, it is assumed that 30 % of consumption of the member
country consists of goods produced outside the union. For the union as a whole, the
corresponding figure is 10 %, so the single member country considered indeed is
assumed to be more open that the union on average.

When the model was solved, it turned out to be dynamically stable so that the
variables returned quickly to their long-run equilibrium values after the shocks. On
the other hand, the matrix P of the recursive equilibrium law of motion appeared to
contain a unit root. The presence of the unit roots implies that the consumer and
producer prices, the nomina exchange rate and nominal wages converge to new
equilibrium levels instead of the old steady states after a temporary shock. The unit
root in some of the nomina variables is however, well in accordance with the
empirical evidence of the time-series properties of these variables.

The overadl plausibility of the model was examined by deterministic analysis, which
includes calculation and analysis of impulse responses to exogenous shocks. The
impulse responses were calculated by setting x, =0, y, =0, z, =0 and &, =0 for

t > 2. Using the recursive law of motion, the values for z, and then x, and y, are
calculated recursively using the values x,_,, y,.;, z,,, and g for t=1..T. The
magnitude of the shock was assumed to be 1 percentage point.

The shocks examined included an IS shock and a real wage shock for both the
monetary union and the member country, as well as a monetary policy shock and an
exchange rate shock facing symmetrically both the union and the member country.
The general conclusion was that the dynamic patterns of the impulse responses
corresponded fairly well with what should be expected in light of previous theoretical
and empirical research. All the deterministic analyses were carried out with the same
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basic parameterization of the model that was presented above. A more detailed
description of the results of the deterministic analysis is provided below for the
monetary policy shock and the wage shock in the union and the member country
demand shock.

Interest rate shock

The effectsin the union

The contractionary monetary policy shock is defined as a temporary 1 percentage
point increase in the real interest rate for a period of one quarter. Thereafter, the
policy rule determines path of the real rate. From the point of view of the whole union
area, in particular, the effects of a monetary policy shock are very short-lived, asit is
seen in the Figures 1 — 3 of APPENDIX B. The union variables reach their steady
states in two years, and the member country variables four years after the shock. The
effects of the shock are also modest in size, since none of the impulses exceeds 0.6 %
in magnitude in absolute val ues.

After the shock, both the ex ante rea and the nomina interest rate seem to move
largely hand in hand. Both interest rate variables rise right after the shock, (nearly 0.5
% at its maximum), and then visit temporarily below the baseline as the central bank
temporarily reacts to the decreased output, appreciated currency and decline in
inflation lowering the interest rates. Finaly, the interest rates return to their base
levels after about seven quarters. As expected, the nomina exchange rate reacts with
a permanent appreciation. The real exchange rate appreciates on impact, depreciates
then temporarily and converges then to the old steady state in about six quarters. The
output reacts to the shock by declining some 0.4 %, but the effect is temporary, as the
output has converged to very near the old steady state in only one year’. Inflation
declines dlightly, about 0.15 %, but reaches its old level in six quarters Accordingly,
also the rest of the nominal variables, namely the nomina wages, the nominal
producer and consumption prices converge to their new steady states in appr. siX
quarters.

The effects in the member country

As expected, the influence of the monetary policy shock is somewhat more persistent
in the member country than in the monetary union as a whole, as the central bank
does not directly target the member country variables when it is setting its policy
stance. This notion applies also to the other shocks examined. It is seenin Figures 4 —
5 of APPENDIX B that it takes 10 —12 quarters for the member country GDP,
inflation and real interest rate to settle down to their steady state levels after the initia
monetary policy shock. On the other hand, the shape and magnitude of the responses
of these member country variables resemble closely those of the union variables. The
responses of the member country price variables and nominal wages are hump shaped
with minimum values little below those of the respective union variables. The new
steady states are reached in about four years.

The wage shock

¥ In fact, according to the common view, the monetary policy should affect with alag of several
quarters and the pattern of the response should be hump shaped. For areview of empirical research of
real effects of monetary policy shocks, see e.g. Walsh (1998),Ch. 1.
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The union

The shock to the contracting equation of the union can be interpreted as a supply
shock, like a disturbance to the natural rate of output. Like the aggregate demand
shock, also the wage shock is considered asymmetric so that it does not hit the
member country at all. This kind of asymmetric productivity shock could be a
consequence e.g. of inflationary wage settlements made in the union area. As it is
seen in the Figure 6 in the APPENDIX I, the time path of the union nominal wages
reaches its new steady state level very soon, in about two quarters. To begin with, the
wage shock results in a rapid but temporary, about one percentage point increase in
inflation, which lasts some two quarters. The increase in inflation sharply depreciates
the nominal exchange rate immediately, although the real exchange rate depreciates
only modestly, some 0.1 percentage point, for a period of about one year.

The increase in union inflation makes the central bank to tighten the monetary policy,
which, because of the increase inflation, is seen only as a dlight increase in the real
interest rate. The net effect of the depreciation of the real exchange rate and the
increase in the real interest rate is a temporary 0.2 percentage point decline in the
union output about. The output however converges the origina level in about one
year. The consumer and producer prices show very different responses on the impact
of the shock. The consumer prices increase sharply due to the depreciated currency,
whereas the producer prices remain nearly unaffected.

The member country

The accelerated union inflation is transmitted also to the inflation of the member
country, both through the depreciated nominal exchange rate and the increased prices
of the imports from the union area. After about one year, on the other hand, the
inflation turns into an about two year period of dight deflation in the member counry.
The time path of inflation is directly reflected in both the real interest rate and
exchange rate of the member country. As it is seen in the figure, an initial sharp
decrease in thereal interest rate is followed by a modest but rather persistent increase,
before the return to the original level. The real exchange rate of the member country
has not been drawn into the figure but comparing the graphs of the nominal exchange
rate and the member country producer prices, it is easily concluded that at first it
depreciates, then temporarily appreciates after which it corresponds its original level
again. The net effect is a positive peak of about 1.2 % in the member country output,
lasting for almost two years. Also the inflation rate and the real interest rate reach
their original levels about the same time. The prices and the nomina wages rise and
stabilize into a new permanent level after about four years.

The total demand and wage shocks in the member country

The shocks facing the single member country do not have any effects in the union
area, because the member country is expected to be so small relative to the union.
Qualitatively, the mechanism of the transmission of the shocks is otherwise the same
as the transmission mechanism of the shocks hitting the whole union, except that now
the central bank does not try to stabilize the effects of the shocks. In the Figure 11 —
14 in the APPENDIX I, two features of the impulse responses are noteworthy. At
first, both the total demand and the wage shock seem to have relatively strong and
long lasting effects. Secondly, the prices and nominal wages stabilize to their initia
levels after the shocks, whereas after the union wide shocks these nominal variables
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converged to new steady state levels. This is of course posgble if and only if the
inflationary (deflationary) periods after the shocks are dways offset by deflationary
(iflationary) periods. Etc, etc...

4. THE STOCHASTIC ANALYSIS
4.1. Calculation of the exogenous shocks

The stochastic simulations requires estimates of the @variance matrix and
autocorrelation structure of the structural shocks hitting both the member courtry and
the rest of the union. Five different shocks are considered. The shocks include a
demand shock and a labor market shock that hit the member courtry, a demand shock
and a labor market shock that hit the rest of the union (but not the member couriry)
and an exchange rate shock*®.

Batini & Haldane (1998 propaose threeways to estimate the covariance matrix of the
structural shocks for the simulations. One way would be to estimate the structural
shocks and their covariance structure from a VAR model. The VAR models have rich
dynamic structure but the gproach suffers from the difficulties in impasing the
correct set of identifying restrictions to the model. The oppaite strategy then would
be to estimate the IS equations, the wage cntracting equations and the interest rate
parity equation o the model and measure the structural shocks as residuals of these
equations. Because of the inadequate dynamic structure of the equations, however, the
estimated residuals would na represent pure structural shocks but instead some li near
combinations of the shocks and model spedficaion errors. Also the handing of the
expedational variables could be problematic.

Batini & Haldane (1998) avoided these problems by choacsing the third way in the
middle of the two extreme gproaches. They calculated the mvariance matrix and the
autocorrelations of the structural shocks from the residuals of a large structura
forecasting model. Here the example of Batini and Haldane is foll owed by measuring
the structural shocks by the forecast errors taken from Nigem model used by The
Reseach Institute of the Finnish Econamy. The series for the demand and labor
market shocks of the member courtry are forecast errors of the eguations describing
the goods and labor markets of Finland. The series of the demand and labor market
shocks of the rest of the union are aeaed by aggregating the forecast errors from the
correspondng equations of five large EMU courtries (Germany, France, Spain, Italy,
Netherlands) to single European shocks. The exchange rate shocks are drawn from the
forecasting equations for the nomina exchange rate between ECU/USD. The period
from which the forecasting errors are cdculated is 19841 — 20011.

18 Including to the model also a shock to foreign price level might have made the model even more
redistic, as also in redity the central bank facethe problem of separating between different kind of
shocks.

19 A more detailed description of the procedure used for the stochastic simulation is provided in the
Appendix X.



The covariance matrix is presented in the Table X below. It is seen that the member
country (Finland) is 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 country and the rest of the unionisa
more surprising finding. Although also Eichengreen and Bayoumi (xxxx) 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 depression in the Finland during
the sample period. Also the more specialized production structure of Finland provide
an intuitively appealing explanation for the larger shocks.

The signs of the off-diagonal elements of the covariance matrix reveal that the shocks
to labor market and aggregate demand are positively correlated between the whole
union and the single country. The covariances between the union labor market and
single country total demand and, respectively, union total demand and single country
labor market, arein turn negative.

The autocorrelation structure of the shocks was examined by modeling the series as
AR(1) models. The highest coefficient for the AR(1) term — appr. 0.5 in both cases-
were found from the shocks to union aggregate demand and union wages. The
exogenous shocks to aggregate demand and wages in the member country showed
less persistence with the AR(1) coefficients of 0.12 and 0.35. The exchange rate shock
to euro show rather low autocorrelation with the estimate of the first order
autoregressive coefficient of 0.24.

To summarize the discussion above, it is concluded that the differences in the
structural shocks is a source of considerable additional asymmetry between the
member country and the rest of the union.

Table X. The covariance matrix of the structural shocks.

e yY wV Yy w"
e 23.7 0.321 -0.746 -0.235 -1.40

YY 0.321 0.578 -0.109 0.267 -0.45
WY  -0.746 -0.109 0.322 -0.0862 0.46
YM  .0.235 0.267 -0.0862 2.56 -0.46
WM  -1.4 -0.45 0.465 -0.463 2.66

4.2. Thesimulations
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The simulations include calculating 100 artificial series of 100 periods (quarters). In
all the simulations the variability of the inflation and output is measured as standard
deviations and all the simulations are made for Hodrick-Prescott filtered series to
remove the effects of possible seasonality to the results. The performance of the
different rules in the ssimulations was compared by the performance frontiers. A
performance frontier means a locus of output — inflation variability points that is
drawn by changing the values of one (or two) parameters while holding the rest of the
variables constant. Although we don't apply any explicit social welfare function to
rank the outcomes of the different policies, it is evident that the points to the south
and west in the figures are welfare superior, while the points to the north and east are
inferior.

The Union
The stochastic analysis is started by looking at the effects of changing the values of

the exchange rate coefficient of the policy rule (8,) on the stability of the union area.
In the performance frontier of Figure 4.1 the parameter 6, gets values of 0, 0.1, 0.25,
0.5, 0.75, 1, 1.5, while the rest of the parameters remain unchanged. There is a cluster
of points in the other lower end of the frontier, showing that if 8, is given fairly
modest values in the range of 0.1 to 0.5, the monetary policy results in superior
performance for both inflation and output stabilization. At this level of 6, the
standard deviation of output stands at about 1% and the standard deviation of inflation
about at 1.8%. Note that when 6, gets a value of O, neither the volatility of inflation
nor output is at its lowest. On the other hand, if 6, exceeds 0.5 the volatilities of both
inflation and output start to increase hand in hand so that with 8,=1.5, the standard

deviations of both inflation and output exceed 2.5 %. Thus, from the point of view of
the whole union it seems to pay for the central bank to put moderate weight between
0.1 and 0.5 on targeting the exchange rate. With this policy the volatility of both the
inflation and output take its lowest value. The volatility of output, however is reduced
more than that of inflation.

Ouput-inflation frontier

15 | —®—theta3-locus

std of the union
output

0 1 2 3

std of the union inflation

Figure 4.1. The performance frontier of the monetary union.
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The interaction of 8, with the other two parameters in the reaction function, 6, and
6, , is discussed with the Figure 4.2. As the policymaker can freely choice aso the

values of 6, and 6, , it can control the effects of an exchange rate change on inflation
and output also indirectly. Because the inflation in the reaction function is defined in
consumer prices, the inflationary (deflationary) pressures induced by depreciation
(appreciation) of the Euro might be possible to offset ssmply by more aggressive
inflation targeting. Of course, there is a danger that the price stability would then be
attained with the cost of larger output instability. This was actually the case in the
studies by Clarida & al. (2001). The performance frontiers in Figure 4.2 are drawn
assuming that when dliding along a frontier, the parameter pair (6,,6,) gets values
(28,02, (15,05),(12,08),(1,1), (08, 12). (05, 15), (0.2, 1.8). The
different frontiers correspond then to the different value of the parameter 6,, that gets

values of 0, 0.25, 0.5, 0.75 and 1. The figure shows that the optimal value of 8, lies

somewhere at the level of 0.25 to 0.5 regardless of the values of the parameter pair
(6.,,6,) .

3
25 \ ‘.‘. —#—theta3=0
3 2 X 4 theta3=0.25
3 15 theta3=0.5
o ‘ —*—theta3=0.75
» x —*—theta3=1
0.5 —*—theta3=1.5
0
0 1 2 3
std of inflation

Figure 4.2. The performance frontiers of the union, when 8,andf, are varied.

The Figures C.1 — C.6. in the Appendix C are used to discuss, whether the optimal
response to exchange rate is sensitive to the exact model specification or not. Each
performance frontier in the figuresis drawn by holding 8, constant and changing the
some of the other parameter values, one at a time. Overall, this robustness analysis
suggests that the conclusions we made about optimal exchange rate policy are not
very sensitive on small changes in the parameterization of the model.

Figures C.1, C.2 and C.3 depict a set of performance frontiers that are calculated by
varying the parameter values that characterize the openness of the union economy and
the speed of the pass-through of the exchange rate to import prices. Figure C.1 depicts
five inflation-output frontiers. Each frontier is drawn assuming that parameter 6, gets
some of the values of 0, 0.25, 0.5, 0.75 or 1 while when moving along the frontiers
the speed of pass-through of the exchange rate to import prices varies from immediate
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to a pass-through lasting two quarters. The points in the extreme left represent the
case of the lengthiest pass-through while the points at the extreme right end of the
lines correspond to immediate pass-through. In terms of output stabilization the

frontier corresponding to 8, = 0.25 dlightly dominates the other policies. The
variability of the inflation, on the other hand, seems not to be affected by the value of
6,. The highest volatility for the output is clearly obtained when 6, gets its highest
values of 0.75 or 1. Interestingly, it is difficult to say, which of the values of 8, = 0

and 6, = 0.5 resultsin better performance.

Figure C.2 tells the sensitivity of the results on the share of foreign prices of the
consumption prices of the union, which depends on the value of parameter ¢. When

diding along the frontiers, @ gets values from 1 (totally closed economy) to 0.6
(fairly open economy). There seem to be only negligible differences between the
performances implied by the best two policies of 8, = 0 and 8, = 0.25, both in terms

of inflation and output volatility. When the weight put on stabilizing the exchange rate
is increased beyond 0.25, however, the volatility of the output starts to increase again.
The extent of the indirect price effect of the exchange rate changes depends on the
parameter a,. In Figure C.3 each of the frontiersis drawn by varying a, between the

values 0.2, 0.4 and 0.6, holding 6, unchanged aong each frontier. The frontiers
corresponding to a,=0 were totally omitted from Figure C.3 because a,=0 implied
instabilities in the simulations when combined with some values for 6,. The optimal
monetary policy now incorporates giving 6, a value between 0.25 and 0.5. A closer

look at Figure C.3 reveals however, that the standard deviation of inflation implied by
the frontiers varies in a very narrow range between 1.75 and 1.9, while the more
significant differences are related to the variability of the output.

The sensitivity of the result can also be discussed in light of the assumptions made
about the rate of forward lookingness of the union economy. It depends on the values
of parameter a,, which measures the forward |ookingness of the goods markets and

Xo» Which captures the forward lookingness of the wage-price process. Figure C.4,
which plots the performance frontiers for a, shows that the output seems to get its
lowest standard deviation with 6, in arange of 0 to 0.5. The points of the frontiers
corresponding to these values of 68, are clustered to very small area in the figure so
that it does not seem to make a difference, which is the exact value for 8, in that
range. When the value of 6, isincreased beyond 0.5, the volatility of output start to

increase. The volatility of inflation again does not depend very strongly either on the
value of a, or 8,, remaining at the level of about 2 %, regardless the values of these

parameters. The shape of the frontiers also reveals that in the more forward looking
goods market the volatility of output is lower regardless of the value of 6,.
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Figure C.5 shows performance frontiers when x, is given values 0, 0.25 and 0.5%°
holding 6, constant. It is seen that the volatility of inflation seems to be sensitive on
the forward lookingness of the job markets. The excessively backward looking wage-
price process with x, = O correspond to the left ends of the frontiers, whereas the
baseline case of x,=0.5 corresponds to right ends of the frontiers. The fully backward

looking wage-price process hence results in considerably higher volatility of inflation
than the moderately backward looking process (0.7 % vs. 2 %). The result is
explained by the important role of the contracting process in the determination of the
prices in our model. When it comes to the optimal monetary policy, the frontiers of 9,

= 0and 8, = 0.25 again imply superior performance for the output stability. For the
inflation stability the value of 8, does not seem to make a difference.

Figure 4.3 below finally sums up the previous discussions about the sensitivity of the
results to the parameter values of the model. The Figure is drawn assuming that the
union is both more open with ¢=0.8, a, =0.4 and more forward looking with

a, =0.2. The optimal value for 6, lies now somewhere between 0.25 and 1. The
extreme policies of either 8,=0 or 6,=1.5 clearly result in inferior outcomes. The

shapes of the performance frontiers do not change so that the negative trade-off
between the volatilities of inflation and output remains nearly linear. All in al, our
conclusions about the central bank’s optimal policy seem to be robust to small
changes in the parameterization of the model, although but for a more open monetary
union our model suggests monetary policy with more weight on the direct exchange
rate target.

N
&

—®—theta3=0

2 2 theta3=0.25
3 | \ theta3=0.5
S 15

3 B\ —*—theta3=0.75
2 1 —*—theta3=1

—*—theta3=1.5

o
o

0 1 2 3

std of inflation

Figure 4.3 The performance frontiers of the union when several parameter affecting its openness is
changed at atime.

21 x, getsavaue above 0.5, the model did no more have a sensible solution.
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Themember country economy

Figure 4.4 plots the performance frontiers of both the union and the member country
in the same figure. It is seen that the frontier of the member country is located
relatively far to north-east from the frontier of the whole union. Hence, although the
structural differences between the member country and the rest of the union, after all,
are rather small in the baseline parameterization, the member country seems to
perform significantly poorer than the union on average. The relatively poor
performance of the member economy is seen more clearly in the volatility of the
output than in the volatility of inflation, since the former lies between 6% and 9%,
and the latter between 2% and 3%.

Volatility of output and inflation

—®—inflation
4 minflation
2 l/’
0 T

0 2 4 6

Std. of output
()]

Std. of inflation

Figure 4.4. The performance frontiers of the member country in the rest of the union.

It is also evident by the figure 4.4 that the central bank has only limited possibilitiesto
improve the performance of the member country economy by adopting an exchange
rate target. From the point of view of the member country the optimal weight of the
exchange rate in the reaction function lies somewhere at the level between 0.75 or 1.
Thisvalue for 8, would reduce the output variability of the member country appr. 1.5

percentage points and the inflation variability a half of a percentage point compared to
the case of no direct exchange rate target at all. Increasing 6, beyond 1.0 however

becomes destabilizing also from the point of view of the member country as the
volatility of both its inflation and output start to increase.

The interaction of 8, with 8, and 8, isillustrated by Figure 4.5, now from the point

of view of the member country. Note that putting more weight on stabilizing inflation
should not be now a substitute for targeting the exchange rate since the central bank
targets the inflation and output of the union, not that of the member country. Putting
more weight on exchange rate stabilization makes now both the output and inflation
of the member country less volétile, whatever values 8, and 6, take. The distance

between the best (corresponding to 6, =1) and the worst (8, =0) performance

frontier reveds that the central bank can reduce the output volatility of the member
country roughly two percentage points and that of inflation roughly one percentage
point by adopting the optimal weight to the direct exchange rate target. The volatility
of output, in particular, remains however still far above that of the whole union.
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Figure 4.5 The performance frontiers of the member country when 6, and 6, are varied.

Why is then the macroeconomic performance of the member country relatively
insensitive to the exchange rate policy? One explanation could be provided by the
asymmetry in the shocks that hit the union and the member country. Since the
differences in the parameter values between the union and the member country were
relatively small, the differences in the performances of the two economies seem to be
caused aso by the differences in the business cycle pattern between the member
country and the rest of the union. According to the estimated covariance matrix of the
structural shocks, the shocks to the goods and labor markets of the single country
seem to have considerably larger variance than the shocks facing the rest of the union.
The issue of the asymmetric shocks is returned later, when the sensitivity of the
results on the covariance matrix of the shocksis examined.

The sensitivity of the results to the changes in the parameter values describing the
member country is discussed with Figures C.6 — C.11. The effects of varying the
parameters determining the openness is first discussed with the Figures C.6 — C.8.
These figures tell us whether the weight that the central bank puts on stabilizing
exchange rate becomes more important to the single country as it becomes more open
against the world outside the union. The openness is measured as the share of goods
from outside the union in its consumption bundle k , the sensitivity of its export
demand on the exchange rate of euro, (3,, and the speed of the pass-through of
exchange rate to consumption prices. The figure C.9, in turn, illustrates the sensitivity
of the results to the degree of integration of the goods market between the member
country and the rest of the union. The degree of integration is measured by value of

B that determines how sensitive the aggregate demand of member economy is on the
output of the union.

Overal, the previous qualitative results do not seem to be sensitive on small changes
in the parameter values describing the openness of the member economy. The
volatility of both the inflation and output are at their lowest when 6, gets a value of

0.75 or 0.5, whereas the performance frontier corresponding to 8, = 0 clearly shows
less favorable outcomes for the monetary policy. Also quantitatively the results
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remain roughly unchanged for all the alternative parameter values. Regardless of the
openness of the small member country of the model, the optimal response of the
central bank to exchange rate changes lead to decrease of about 2 percentage pointsin
the standard deviation of output and roughly 1 percentage point in that of inflation.
Overdl, the robustness of the results on the degree of openness of the member
country backs up the previous conclusions that the main cause for the inferior
performance of the member economy lies in the asymmetry of the shocks rather than
in the asymmetry in the transmission process.

Parameter [, determines how deeply the goods markets of the member country are

integrated with the goods markets of the rest of the union. The sensitivity of the
performance of the member country economy to changes in S, is shown in Figure

C.9. It is seen that neither can the volatility of inflation nor output of the member
country be significantly reduced by integrating the goods markets closer together. All
the points of the frontiers are concentrated close together. This finding is against the
basic result of the literature of optimal currency areas, according to which integrating
the goods markets of the countries of a currency area closer together effectively
protects them from the problems of asymmetric economic shocks. Our previous
conclusions concerning the optimal monetary policy however till remain valid. By
adopting relatively active exchange rate policy with 8, set as 0.5 or 0.75 the centra

bank can reduce the standard deviation of member country inflation from around 4%
to about 3% and the standard deviation of output from the level of 8% to the level of 6
%.

Figures C.10 to C.11 finally, tell the robustness of the results to the assumptions about
the degree of forward lookingness of the goods and labor markets of the member
country. Figure C.10 at first shows that irrespective of the rate of forward |ookingness
of the goods market (values for f3,), active exchange rate policy reduces the volatility
of inflation and output. Moreover, in highly forward looking goods markets the
central bank seems to have better possibilities to improve the performance of the
economy than in the backward looking goods market. The points of all the five
frontiers that correspond to low values of beta are much closer to each other than the
points that correspond to the lowest values of f3,.

Although the rate of forward lookingness of the goods market does not have strong
implications to optimal monetary policy, the overall performance of the member
country is dtill rather sensitive on the forward lookingness. In simulations with
a, =0.8 and ¢, = 0.5 the standard deviation of inflation took values around 3 % - 4
% and that of output between 6 % and 8%, irrespective of the parameter values

describing either the monetary policy or the openness of the economy. When either
goods markets or labor markets were made more forward looking, the volatility of

both inflation and output however decreased sharply. When either a, =0 or ¢, =1,

the standard deviation of inflation was reduced near 2 % and the standard deviation of
output near the level of 4 %.

Figure C.11 then confirms the robustness of our previous results to the assumptions

made of the forward-lookingness of the labor markets. The worst outcomes again
seem to result from the policy with no exchange rate target at all, while the best
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performance seems to be achieved with 8, set either to 0.5 or 0.75. In the simulations
the value of ¢, ranged only between 0.5 and 1, because at values below 0.5 the
system exploded.

Figure 4.6 below finaly tries to sum up the discussions about the sensitivity of the
results on the member country parameter values. The performance frontiers are now
drawn with three parameter values differing from the baseline specification. The

member country is now assumed to be both more open so that 8, =0.5 and phim =
0.3. The goods market are assumed to be highly forward looking so that 3, =0.2. As
it is seen in the Figure 4.6, the value of 6, mostly affects to the volatility of output

while it is unclear, which policy guarantees the least volatile inflation. Note however,
that the best performance again seems to be achieved with fairly moderate policy with
6, seequal to 0.75 or 1.

gaa —®™—theta3=0
M theta3=0.25
theta3=0.5
—*—theta3=0.75
—#*—theta3=1
—®—theta3=1.5

std of output
o LB N W A 0 O

0 2 4 6

std of inflation

Figure 4.6 The frontiers of the member country when several parameters describing
its economy are changed.

Therole of thetime series properties of the shocks

So far the robustness of the results have been examined only with respect to the
parameter values of the model. The sensitivity of the results on the time series
properties of the estimated structural shocks used in the simulations are discussed
with figures 4.7 to 4.10, which are analogous to Figures 4.2 and 4.5 so that when

diding aong afrontier, 8, and 8, get aset of values while 8, remains the same. The

structural shocks, however have now different covariance matrices than the shocks in
baseline model. In Figures 4.7 and 4.8 the variances of the output and labor market
shocks of the member country have been assumed to be smaller than in the baseline
model. Figures 4.9 and 4.10 in turn are drawn assuming that all the variances of the
shocks are of equal size and strongly contemporaneously positively correlated with
each other.

24



——theta3=0
theta3=0.25
theta3=0.5

—*—theta3=0.75

—A—theta3=1

—&—theta3=1.5

std of output

0 1 2 3

std of inflation

Figure 4.7 The performance frontiers of the union, when the variance of the member country shocks
are assumed as smaller than in the baseline cases.
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Figure 4.8 The performance frontiers of the member country, when the variance of the member country
shocks are assumed as smaller than in the baseline cases.

Comparing the figures 4.7 and 4.8 with the Figures 4.2 and 4.5 shows that the
performances the single country is somewhat sensitive to the variance of the structural
shocks in the member country. When the variances of the demand and labor market
shocks of the member country were reduced to 1.1 and 0.9 percentage points, the
standard deviation of member country output reduces to the level of five percentage
points, while the standard deviation of its inflation remains at the previous levels
around 2-3 percentage points. Also the previous conclusions about the central bank’s
optimal response to exchange rate changes remain unchanged. From the point of view
of the member country the optimal monetary policy still should put a weight ranging
from 0.5 -1 to 8,, while from the point of view of the union economy the weight
should lie somewhere on the level of 0 — 0.5. It is expected that the results for the

union remain unchanged is, since the central bank does not react to shocks in the
markets of the small member country.

According to the figures 4.9 and 4.10, on the other hand, when the shocks become
highly correlated with each other, the value of 6, looses its significance. It is seenin
the Figure 4.10 that al six performance frontiers of the member economy are of
amost equal shape. Also the performance frontiers of the union in the Figure 4.10
look much like each other. This is well understood, since when the exchange rate
shocks are highly correlated with the other shocks hitting the economies, the centra
bank reacts to the exchange rate shocks automatically when it reacts to the shocks to
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the goods and labor markets of the union. From Figure 4.10 it is also seen that when
the shocks are highly correlated, it is possible to still reduce the volatility of output of
the member country. The left ends of the performance frontiers (corresponding to
values around 1.5 for the inflation coefficient 6, and very low values of the output

gap coefficient 8,) imply that the standard deviation for member country output can

be reduced somewhere near the level of 3 %. On the other hand, if the parameters of
the reaction function are not near their optimal levels, the model implies rather high
volatilities for the output and inflation of the member country.

3'2 i —#—theta3=0
3 25 i\ theta3=0.25
3 2 X theta3=0.5
“g 1.5 —*—theta3=0.75
5 1 —A—theta3=1

0.2 —9®—theta3=1.5

0 2 4 6
std of inflation

Figure 4.9 The performance frontiers of the union, when the structural shocks between the member
country and the union are highly correlated.
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Figure 4.10 The performance frontiers of the member country, when the structural shocks between the
member country and the union are highly correlated.

5. CONCLUSIONS

In this paper we have, using a small calibrated macromodel, examined whether it
would be optimal for the European Central Bank to adopt an explicit target for the
real exchange rate of Euro. From the point of view of a single member country, the
problem is a part of the ongoing discussion whether the EMU can be considered as an
optima currency area. Thus, the question has been discussed not only from the
viewpoint of the performance of the union economy as a whole, but also from the
viewpoint of a small member country. The economy of the single small country
differs from the union in two ways. At first, the economy is more open towards the
world outside the union, and secondly, the exogenous shocks that hit the economy
differ from those that hit the rest of the union.
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Our main conclusions are as follows: From the point of view of the whole union
economy, the central bank should put at most moderate weight on the direct exchange
rate target. The optimal value for the coefficient of the exchange rate in the monetary
policy rule lies somewhere between 0.1 and 0.5. For the small member country the
optimal response to the exchange rate would however lie between 0.75 and 1. With
this policy the standard deviation of the member country output would be reduced by
roughly two percentage points and that of inflation about one percentage point. It
should be noted however, that even the optima weight on the direct exchange rate
target would not stabilize the volatility of inflation and output of the member country
to the same level with the whole union. Moreover, at least when it comes to the
volatility of output, the most important reason for the poor performance of the
member country seems not to be the structural differences between the member
country and the union. Instead it seems to be more a result from the asymmetries in
the structural shocks that hit the economies of the member country and the union.
When the size and the timing of the structural shocks facing the member country were
assumed to be more like those of the rest of the union, the optimal policy implied
considerable lower volatility of the member country outpuit.
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APFENDIX A
The alculation of the unconditional variances of inflation and output

The ondtiona moments were cdculated from simulated series. The smulation
horizon d ead series was 100 periods and the simulation was repeded x times, so
that totally 100x sets of solution values was available for the caculation o the
uncondtional moments.

Denate the estimated covariance matrix of the structural shocks by mxm matrix 5,
computed as (1/T)ZZ', where Z isthe mxT matrix of the etimated values of the
exogenous dructural shocks. If the z shocks are 11D distributed, the set of shocks used
in the stochastic simulation can be obtained from a simple transformation o 5. To
generate the shocks, the matrix s is decomposed into two triangular matrices that,
when cdculated together, yield the original matrix 5 . If the rank condtion hdds (T>

m), there exists a unique such decomposition, = = PP such that P islower triangular
and P' isupper triangular.

Theinitia (t=0) values for the exogenous hocks z were calculated by first drawing m
values from a standard normal distribution. Let’s denate the vedor of these values by
e,. These white noise disturbances were then turned into structural shocks by

z, =Pe, . Using the values z; and the eguations of the recursive law of motion, it is
then possgble to cdculate values of x;, and y,. Ancther draw from a normal

distribution is then made for cdculating vaues for z,, x, and y,. The process is
then repeated urtil N values are obtained.

Asauming that the historicd residuas are independently and identicdly distributed
implies that in the equation all elements in the matrix N equal to zero. In case that
the historical residuals are aitocorrelated, the residuals have to be twhiten” before
cdculating the mvariance matrix . Suppcse, for example, the first order

autocorrelation z, =Nz, +v,, v, =N(OX,). X, = P'P"'Now the value for z; is
obtained from z; =P’e,, where P’ is obtained from the Chdeski fadorization
>, =P'P". Thevauefor z, isthen cdculated from z, = Nz, +P’e,.
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APPENDIX B

Theimpulseresponses of deter ministic analysis
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APPENDIX C The performancefrontiers
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Figure C.1. The effects of changing the speed of pass-through in the union area.
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Figure C.2. The effects of changing the weight of import prices () in the union consumption basket.
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Figure C.3. The effects of changing the value of .
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Figure C.4. The significance of the rate of forward lookingness of the goods market of the union (the
valueof ).
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Figure C.5. The effects of the rate of forward lookingness of the labor markets of the union (the value
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Figure C.6. The effects of changing the speed of pass-through in the member country.
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Figure C.7. The effects of changing the weight of import prices () in the consumption basket of the
member country.
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Figure C.8. The effects of changing the value of 3 4



(IR
o

— ——theta3=0
> 8
2 f theta3=0.25
5 6
o theta3=0.5
; 4 —%—theta3=0.75
H 2 —e—theta3=1

0 I I

Std. of inflation

Figure C.9. The effects of changing the value of ﬁ5 .
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Figure C.10. The significance of the rate of forward |ookingness of the goods market of the member
country (the value of [3,).
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Figure C.11. The effects of the rate of forward lookingness of the labor markets of the member country
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