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Preface

This volume contains the contributions of a conference dealing with the con-
sequences of the European Monetary Union for the macroeconometric mod-
elling of the Euro area, which took place in Essen on November 17 and 18,
2000. The objective of the conference was to give an overview of the status and
development of the econometric modelling in the Euro area based on a con-
centrated exchange of information and discussion among a comparatively
small group of scientists. At the end of the conference the participants were
convinced that the discussions including a great variety of theoretical, me-
thodical and factual aspects from the producers’ as well as the consumers’ per-
spective will not fail to have a certain impact on the future development of
macroeconometric modelling.

Once more it became clear, however, that an ideal way to a solution of the
problems is still not in sight. The future development will be characterized by a
plurality of approaches and models. Thus trends continue which have had a
more or less strong, durable or temporary influence on the model landscape
since the emergence of the monetarist revolution, the ,,rational expectations*
or the “real business cycle”-models; their influence was clearly perceptible
during the conference. We hope that the results and reported experiences will
soon be included in the experts’ discussions. We are still at the beginning of the
theoretical and empirical exploration of the macroeconomic development of
the Euro area, it is not always clearly perceptible what is transitory and what is
permanent, and this openness should facilitate the reception of the experi-
ences and results which have been presented.

The idea for this event was developed in the course of the Project LINK, our
special thanks go to Professor Dr. Stephen Hall, London Business School, Pro-
fessor Dr. Ullrich Heilemann, RWI, and Professor Dr. Peter Pauly, University
of Toronto. One of the highlights of the conference was the participation of the
nobel prize winner Professor Dr. Lawrence Klein — pioneer and Nestor of
macroeconometric modelling — who, as his contribution shows, is following up
the creation of the European Monetary Union with critical interest. The meet-
ing was organized by Mrs. Hiltrud Nehls, graduated economist, she was sup-
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ported by Mrs. Claudia Lohkamp. The editorial work was done by the very ex-
perienced Mr. Joachim Schmidt, who was assisted by Mrs. Anette Herma-
nowski. The organization of individual meetings was taken over by the editors
of this volume and by Professor Dr. Bert Hickman, Stanford University, Pro-
fessor Dr. Jean-Louis Brillet, INSEE, Paris, and Professor Dr. Manfred
Deistler, Technical University Vienna. The institute would like to thank all of
them as well as the speakers and those who participated in the discussions.

Last not least we have to mention the “Gesellschaft der Freunde und Forderer
des RWI”; without their generous financial support this event would not have
been possible.

Essen, October 2003 Rheinisch-Westfilisches Institut
fiir Wirtschaftsforschung

Christoph M. Schmidt
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Stephen G. Hall, Ullrich Heilemann, and Peter Pauly

Introduction

On January 1, 1999, the most ambitious plan of European integration began —
the European Monetary Union (EMU). Austria, Belgium, France, Finland,
Germany, Greece (since 2001), Ireland, Italy, Luxemburg, the Netherlands,
Portugal and Spain transferred their monetary sovereignty to the European
Central Bank (ECB). Two years later, the national currencies of the 12 mem-
ber states were replaced by a common currency, the Euro. The institutional
change was preceded by a selection procedure based on the fulfilment of a
number of macroeconomic criteria of monetary and fiscal stability and future
commitments (Growth and stability pact). This process has been widely cov-
ered in the literature and neither this nor the debate regarding the final out-
come of EMU must be repeated here. Surprisingly, much less attention has
been devoted to another question: what will be the consequences of EMU for
our analytical tools to forecast and simulate macroeconomic developments
and policies. True, the European Commission and the European Monetary In-
stitute (EMI), the predecessor of the ECB, had started to formulate and ex-
press their data needs already in the mid 1990s and much has been done to sat-
isfy them. With the start of the publication of the Harmonized Index of Con-
sumer Prices (HICP) and the construction of area wide data bases the main in-
formation gaps have been closed. However, the consequences of EMU for our
analytical tools and models remains unclear.

The question has several dimensions. One is simply the instrumental aspect:
whether existing models will satisfy future requirements, will monetary policy
(still) be adequately modelled? Will their policy tools have to be modified?
What about the changed external value of national currencies? A second
dimension is formed by the question of how the changed institutional setting —
one interest rate/monetary policy for all, fixed exchange rates, binding fiscal
policy rules — and the now larger “currency area” will affect the reactions
of the private sector and national economic policy. This question is harder to
answer because there are no prior experiences. The difficulties are increased
by the fact that the EMU started at a time when Europe and the world
economy were in particular difficult times, and when structural and cyclical



10 Stephen G. Hall, Ullrich Heilemann, and Peter Pauly

changes were hard to isolate from each other. A third question is rather
technical again: In which way will the ECB modelling react on all these chal-
lenges?

From November 17 to 18,2000 a group of modellers gathered in Essen, FRG,
organized by Project LINK and the RWI to discuss these and associated prob-
lems. After an opening address by Nobel laureate Lawrence Klein, the organi-
zation of the discussions followed the topics listed above.

Klein opened the conference with a contribution examining some first stan-
dard experiences of economic integration, specifically NAFTA. He looked at
it from the perspective of the US and Canada as well as from Mexico. As to be
expected from international trade theory, there were considerable gains in
employment for all three countries. But somewhat unexpected, the two north-
ern participants experienced much stronger productivity gains than Mexico.
While increasing returns to scale “can be detected in macroeconometric mod-
els that are open to exploitation of economies of scale, this is not so obvious in
computable general equilibrium models (CGE), where there is often preoccu-
pation with constant returns to scale and fixed coefficients of production.”
(p. 12). From this perspective it would be tempting to have a look back on the
many studies evaluating the economics and welfare gains from NAFTA. For
the future of the NAFTA concept Klein’s verdict was favourable. This was not
so for the EMU, where he argued that the Maastricht criteria could also have
been met by a Canada/US- type strategy, that is high growth with employment,
labour market improvements, budget surpluses,and low inflation and all at the
same time.

The first part of the conference was occupied with “new models for Europe”.
Michael Beeby, Stephen Hall and Brian Henry present a supply-side approach
to model the Euro-11 economy. Their 16 equations model of the Euro-11 area
has a number of innovative features. Its supply-side is built up from an esti-
mated production function, the labour market is based on wage bargaining
theories where state-space modelling techniques are used to generate esti-
mates of the return from not working, and agents are assumed to update their
expectations each period i.e., they learn. The model is used for two purposes.
First, to obtain estimates of the NAIRU in Euroland and second, to under-
stand how the Euroland economy responds to different types of shocks. So far,
results seem to suggest a rather high stability of economic reaction patterns. It
will be interesting to see whether this holds also for the past 50 years as the au-
thors plan to do. But even more important will be to see whether the EMU will
change this.

Mika Kortelainen and David Mayes present results from EDGE, a dynamic
general equilibrium model of the Euro area, a model with some nominal rigid-
ities that has been calibrated on Euro area data. The model includes con-
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sumption/saving decisions using a Blanchard stochastic lifetimes approach;
valuation of private financial wealth according to the present value of capital
income; overlapping Calvo wage contracts in the labour market and a
neoclassicial supply side with Cobb-Douglas technology. Key parameters to
be calibrated to set the equilibrium path (equity premium, share of capital in
the economy) are the real rate of growth and the rate of depreciation. The
calibration is based on data from new Euro area statistics and on experience
from the US. The model is deliberately designed to have a simple and trans-
parent structure and properties. Even though the model has been developed
for both forecasting and policy simulation purposes, the paper concentrates
on its simulation properties with regard to the field of Euro monetary policy.
The simulation results have several important lessons: the importance of
credibility of ECB’s actions, the importance of transparency of ECB’s policy
goals and actions and that the faster the private sector can learn the smaller his
loss.

The paper by David Rae and David Turner describes the OECD’s new small
global forecasting model for the three main OECD economic regions: the
United States, the Euro area, and Japan. The key variables — output, inflation,
the trade balance, and import prices — are driven by monetary and fiscal policy,
exchange rates, and world demand. The projections from the model are used
as a starting point to help animate the early stages of the OECD’s forecasting
round. The model is essentially of the Keynes/Klein-type with a particular fo-
cus on the impact of global linkages and the transmission of influences be-
tween regions. The authors think of their work as preliminary and find that it
should be expanded in several areas: first, monetary policy could be dealt with
in greater depth; second, expectations as a transmission mechanism of policy
both within and between regions should be further disaggregated; third, closer
scrutiny of differences in dynamics across regions may be warranted and, fi-
nally, the “rest of the world” — 80 percent of Euro area trade-block should be
disaggregated.

The ECB staff has started a number of activities to model the macroeconom-
ics of the Euro area. In their paper on structural modelling of the Euro area,
Gabriel Fagan, Jerome Henry and Ricardo Mestre provide an overview of
these models. The paper recalls the context in which this task took place,
namely the EMI assessment regarding a suitable econometric infrastructure
for the ECB, implying the use of a suite of models comprising estimated struc-
tural macro models for the Euro area as a whole, as well as for the various
member countries. The authors reveal some details on the structure of the area
wide model employed for the Euro area such as single equation properties for
key Euro area relations and illustrative full model simulation results. All in all,
the authors find the ECB’s investment in modelling worthwhile. In particular,
the Euro area and the countries comprising it are now much better known, a
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first set of stylised facts has been derived and a benchmark is now available
against which to evaluate judgements. But, not all too surprising, although the
1st generation of Euro area models have not yet been completed, plans for the
next generation are already being made.

The ECB’s activities are, because of its short history, of course an exception. In
general modelling activities for the Euro area will not start from zero but will
rely to a large degree on previous “country modelling experience”. They were
the topic of part IT of the conference. Jean Luis Brillet and Maria Dos Santos
gave an account of the Macsim system, a simplified multi-country system, rely-
ing on small single country macro econometric models, linked through trade
flows. The set of countries chosen are European, with a sketchy Rest of the
World. Even though the model’s main goal is teaching macroeconomics, it can
be used for economic policy analysis, particularly on issues such as EMU. Sim-
ulations can use different rules for the exchange rate and interest rates, in ad-
dition to the participation to EMU. To examine the consequences of Spain and
Portugal joining EMU, a number of modifications of the model were neces-
sary, mostly with particular consideration of the specific features of the mem-
ber countries, which should lead to particular properties (for instance, Portu-
gal is smaller, and has strong economic ties with Spain, more than the reverse).
New and old estimation results and model reactions on demand and supply
shocks were compared. All in all they confirm more or less previous findings
of this and other models. New seems to be the emphasis which is given to the
size of new member countries and also to the regional orientation of trade
links which are often missing in policy discussions.

Ullrich Heilemann, Gyorgy Barabas and Hiltrud Nehls try to answer the basic
question of this part from an autre monde perspective. They ask whether in
West Germany’s macroeconomic behaviour effects of European Integration
can be detected. After a short listing of major fields and effects of European
integration, they simulate the trade effects of the customs union (1968), the
EC enlargement (1973), the introduction of the EMS (1979) and the an-
nouncement of the single market (1987) and look for their consequence on
major macroeconomic parameters. They use a modified version of the
RWI-business cycle model, a quarterly medium sized macroeconometric
model which has been in use for forecasting and simulation since the mid 1970.
Given theoretical expectations, the results are somewhat disillusioning — trade
creating effects are hardly discernible. One reason for this might be, the fact
that all these effects mainly show up on the sector level. Net effects are small
and stretch over longer periods, that start much before the laws come into
force. For EMU this means that we will have to wait for some time until we will
be able to identify their effects. To model builders and users these results may
be comforting because they tell them that a slow and gradual adjustment of
their models to the EMU regime may be well in order.
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Policy in the new environment is the subject of two papers. Ray Barrell, Karen
Dury and lan Hurst examine the decision making within the ECB. They do this
by evaluating simple monetary policy rules in an encompassing framework.
They develop different types of rules that the ECB may consider to implement
to assess their effectiveness in stabilising EMU member economies. Stochastic
simulations on the National Institutes Global Econometric Model (NiGEM)
are used to evaluate different types of rules and different parameterisations of
the rules on the country level and for the aggregated Euro area. They find that
more or less for both levels, the combined nominal GDP and inflation target-
ing rule, with a coefficient of 1.0 on inflation, is the best rule for maximising
output and minimising inflation. Pure inflation targeting with a coefficient of
1.0 appears to be the least effective at stabilising the Euro area aggregates. It is
also shown that the covariance structure of Euro area inflation can matter in
terms of determining the best policy rule. As to the results and their implica-
tions for policy making at the ECB, the authors find that there is no immediate
conflict within the decision making bodies of the ECB.

In the last paper Christian Schumacher and Christian Dreger look for evidence
from panel cointegration tests on broad money demand (MH3) in Europe. For
a group of fourteen European countries the null of no cointegration cannot be
rejected. Only in a core sample consisting of Germany, France, Austria, the
Netherlands and Belgium cointegration is found. Other studies using Euro
area wide aggregated money demand functions show that aggregated time se-
ries money demand equations perform statistically better than their counter-
parts for single countries. The results found here indicate that this could be
partly due to an averaging effect that overcompensates the missing
cointegration feature in some of the countries. Although the panel methods
have the advantage of higher efficiency than usual time series cointegration
tests, they are not as much developed. Some drawbacks of the panel
cointegration tests are possibly neglected cross section dependence and non
availability of methods to control for structural breaks. It can be questioned
whether the advantage of higher efficiency due to the inclusion of the cross
section dimension overcompensates these drawbacks.

The discussion of this conference has made it clear that to date only a small
part of the challenges the EMU poses for macroeconometric modelling has
been resolved. Most progress has been made by simply building aggregate
models covering the entire Euro area. The empirical quality of these models is
difficult to compare to that of national country models — which by no means
will vanish — but at least the new models seem to work. This indicates that
there is the necessary amount of homogeneity of EMU member’s economic
behaviour and that is encouraging for model builder — and for ECB policy. It
was not at all so clear that this is the case if we recall the many debates on “op-
timal currency area” that came up when in the mid 1990s the debate on EMU
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started. No problem seems to be the proper modelling of the institutional set-
ting, while the question of a proper catch of future reactions of the Euro area is
much harder to answer. It will be interesting to see whether past experiences
of a gradual absorption of the various steps of European integration will hold
here, too. Until then, the many results presented at the conference have im-
proved our understanding of EMU’s present and future problems and cer-
tainly also narrowed the debate.



Lawrence R. Klein

US and NAFTA - Some First Experiences and Modelling

It is quite appropriate, at this meeting focusing on Macroeconometric Models
and European Monetary Union, to look at similar issues from the perspective
of the effects of NAFTA on the US and the other two members, Canada and
Mexico.

NAFTA is unusual in that it combines effects on both developed countries and
a developing country. Although Mexico is a recent member of OECD, it has
many of the characteristics of a developing country. The NAFTA organization
is regional, as is the European Union, and it affects both trade in goods and
services and in capital flows. It is not, however, involved with monetary union
as is the European Union.

First, let us look at NAFTA issues from the point of view of Canada. Here 1
draw upon an interesting analysis by a one-time colleague from econometric
model building research, Donald J. Daly, of York University, Canada (Daly
1998, 2000). There was great fear that Canada would lose jobs to Mexico, as
would the United States, after the implementation of NAFTA. While it is true
that Mexican employment gained considerable advantage from NAFTA,
since Mexican wages are far smaller than those in Canada and the US (possi-
bly only one-tenth the hourly rates in the more advanced economies), there
have been both losers and gainers from sector to sector, and the gainers more
than compensated for the job losses. Not only were there gainers, but there
was an overwhelming gain for Canada and the US,in the sense that overall un-
employment rates dropped significantly in the post-NAFTA period. This is
something to think about when reasoning on behalf of EU countries. Had they
tried to reach Maastricht targets by high growth, as did Canada and the United
States, they might be having, on an all round basis, the same kinds of labor mar-
ket improvements, domestic budget surpluses, and low inflation, all at the
same time. There is no unique route to the kinds of target values set by
Maastricht criteria.

Very low wage costs in Mexico were not sufficient to tip the balance against
the weight of superior infrastructure (transport, communication, power, sani-
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tation, water, education and other infrastructural facilities). These and other
features made for much stronger productivity gains in Canada and the US. The
gains from trade, which have been very real, as a result of lowering barriers
through NAFTA enabled the advanced countries to achieve lower average
and marginal costs with greater output levels; this is achieved through realiz-
ing increasing returns to scale, which have played a considerable role in the
process of technical changes in Canada and the US.

The roots of economic efficiency go beyond NAFTA in an historical sense.
Very good gains of this type were realized earlier by two predecessor agree-
ments, namely the Canadian-US auto agreements (1965) and the Cana-
dian-US Free Trade Agreement (FTA) which was crafted just before the in-
troduction of NAFTA in 1994.

These predecessor agreements permitted high degrees of specialization. Auto-
mobile manufacturing benefited by outsourcing parts and supplies for final as-
sembly, use of modern inventory practices, and using all the infrastructured
advantages, especially for shipping to and fro across the Canadian-US border.

The concept of increasing returns to scale helped to identify gains for micro-
chip production, software activities in a “business-to-business” mode. These
kinds of gains can be detected in macroeconometric models that are open to
exploitation of economies of scale, but not so obvious in computable general
equilibrium models (CGE), where there is often preoccupation with constant
returns to scale and fixed coefficients of production.

The Free Trade Agreement opened possibilities on a broader scale, beyond
autos, and trade in manufactured products expanded as barriers were reduced,
thus enabling scale economies to be more pervasive.

The analysis of economic relations between either Canada or the US with
Mexico showed improvement after NAFTA was introduced, but these gains
were temporarily halted by Mexico’s financial crisis of December 1994. It was
not only financial, but also very political. Now, the political situation has
changed a great deal, and it is to be hoped that Mexico can set out on a fresh
and productive path from 2000 onwards, under a new kind of leadership. It
should be noted that some large foreign direct investment activities (FDI)
continued expansion in spite of the crisis.

Economists broadly agree that free trade is a good thing, both from the view-
point of welfare economics and for macroeconomic growth. At a regional
level, as is the case with NAFTA, the conventional judgment is that a local
agreement that does not divert trade but, instead creates trade, is economically
desirable and I would surely argue that NAFTA creates trade. There are, how-
ever, winners and losers, but the prevailing economic environment in Canada,
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US, and Mexico, after NAFTA began in 1994, was expansionary and helped all
three countries. There were, nevertheless opponents and detractors who ar-
gued that Mexico’s crisis in December 1994, was because of NAFTA. Pre-
vailing opinion and analysis, however, concluded that political turbulence in
the Mexican presidential campaign of 1994 in which the favored candidate was
assassinated, political unrest in Chiapas, and a cover-up (lack of transparency)
on the part of Mexican officials was responsible for the ultimate depletion of
international financial reserves.

A stage was set for rapid recovery as a result of credit supplied by the IMF and
the US government, continuing inflows of private capital (mainly through
FDI),and very good performance in the border industries (Maquiladoras). All
these activities contributed to a rapid recovery in which the loans of the
United States were quickly repaid, with full interest.

There was a sharp recession in 1995, but it should be pointed out that the pre-
vious financial crisis of 1982-83 (the World Debt Crisis) put Mexico into a
two-year recession before expansion could be resumed. Alfredo Coutifio and
I authored a study in early 1995 that argued in favor of a prediction for a recov-
ery after a one-year recession because Mexican domestic reforms, with sup-
port from NAFTA trade, would lift the economy out of crisis much faster and
better than in the period of a decade earlier (Klein, Coutifio 2000).

Mexican trade, 1993-99, has expanded so much that Mexico’s ranking has
grown from 17! in world export volume to 13t surpassing many countries
that are well known for trade performance. In this period, Mexico’s exports
tripled, and imports more than doubled. Also FDI has expanded rapidly right
after NAFTA, to reach values now in excess of $10 billion.

Bond ratings have improved, and Mexico is building earnings from a stronger
energy sector by taking advantage more wisely than before, of the favorable
prices for crude oil.

Future prospects

The two major advanced countries of NAFTA, Canada and the US have been
leaders in world economic expansion for nearly a decade. Output has been
growing vigorously, with low inflation, and technically advanced activity in in-
formation, biological, and other innovative sectors. The US has a problem of
trade and current account deficits, but much of this is due to the leadership
role of the US in a troubled world economy.

Mexico is in a different situation. After a period of political change it has an
entirely different kind of government starting in 2001. President Fox has
raised new hopes by taking an expansionist line. He aims for sustained GDP
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growth of 7%. He has yet to prove himself, but it is refreshing. Also he has
found unusual cooperation from outgoing President Zedillo. Customarily,
econometric models of Mexico have a “dummy variable” to designate eco-
nomic discord at the end of each 6-year reign, but at the present time, it is ex-
pected that there will be a smooth transition from President Zedillo to Presi-
dent Fox. This is a good sign.

Fox is expected to pursue an active international policy, building on the gains
of the past few years that have stemmed from the NAFTA accord. In 2000,
Mexico will have expanded GDP by more than 5.5%, well on the way to the
7% target. The US economy is deliberately slowing, in order to work off some
excesses such as incipient inflation of wage rates and a highly distorted stock
market. It should, however, be able to avoid recession in 2001 and Canada
should also remain prosperous, but feel the effects of a slowdown in the US.

Mexico has come to a position of low inflation (one at single-digit levels) and
maintains an improving foreign exchange position. Unemployment remains
steady.

At the time of signing the NAFTA agreement, President Clinton declared that
he would try to expand NAFTA, to include strong economies in South Amer-
ica. Chile has been a favored choice. During his second term, he did not suc-
ceed in bringing Chile into NAFTA, but the new US government does show
some interest in enlarging NAFTA membership in this same direction. At this
time, the verdict is favorable in support of the NAFTA concept, and we can
look forward to seeing the gradual expansion of a strong institution.
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Michael Beeby, Stephen G. Hall, and S.G. Brian Henry'

Modelling the Euro-11 Economy: A Supply-Side Approach

1. Introduction

In this paper a medium sized econometric model of the Euro-11 (or Eurozone/
Euroland) economy is constructed. The motivation for this is to obtain a
model that can be used to conduct policy simulations and obtain forecasts for
those eleven countries that will be the inaugural members of European Mone-
tary Union. Underlying the construction of the model has been the attempt to
incorporate into macro-modelling recent developments that have occurred
elsewhere in macroeconomics. Three features of the model are worth noting.
First, given the greater emphasis placed on the supply-side, we provide a con-
sistent treatment by estimating a production function for the Eurozone and in-
cluding its implied marginal products as cointegrating vectors (CVs) in the dy-
namic earnings, employment and investment equations. Second, wage bar-
gaining theories of the type associated with Layard/ Nickell/Jackman (1991)
are included in the labour market equations. Unobserved components models
are then used to obtain estimates of the return from not working (unemploy-
ment benefits etc.). Third, to overcome the apparently counterfactual dynamic
responses resulting from the assumption of rational expectations, agents are
assumed to learn, i.e. to update their expectations each period (each of these
techniques are discussed in more detail below). Overall, the addition of these
features should result in a model that is not only more theoretically consistent,
but also in a model that has improved dynamic properties relative to econo-
metric models that assume rational expectations.

At the heart of the model is an estimated Cobb-Douglas constant-returns-to-
scale production function. From this production function the marginal prod-
ucts for labour and capital are derived and equated to their marginal costs (the
real wage and the real rental rate of capital respectively) as required by the
standard neo-classical theory of the firm. These equations are then used as the
long-run equilibrium relationships (CVs) in the dynamic earnings, employ-

L we gratefully acknowledge funding from ESRC ROPA Award No. R/022/25/0187.
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ment and investment equations. Given the size of econometric models, re-
searchers typically proceed by estimating each equation individually and not
as a system. One drawback from this approach is that usually only a single CV
enters into each equation. This is an arbitrary restriction and not one that can
be justified through either economic or econometric theory. Our approach is
instead to take a more general modelling strategy. Although each equation is
estimated individually we allow all CVs from the production side to enter into
all the dynamic equations at the initial “general” stage. Testing down proce-
dures then eliminate those CVs found to be insignificant. Thus more than one
equilibrium relationship may enter into a single dynamic equation if their
presence is not rejected by the data. This idea is based on the approach taken
by Vector Error Correction models (VECMs). Although we do not estimate
the equations as a system we do exploit the reduced rank characteristic of such
systems. In brief, for a set of non-stationary variables let m cointegrating vec-
tors exist, then the model may be written as,

AY, =O(L)AY,  +oB'X, | +e,

where o8’ X, is the set of CVs with X = (Y, Z), and where the variables are par-
titioned into endogenous (Y) and weakly exogenous variables (Z). CVs do not
enter the dynamic equations for the weakly exogenous variables. The above
equation is then the conditional model that has an accompanying marginal
model, which is not stated here. The adjustment matrix o.is of dimension n x m
but it is not typically diagonal, each dynamic equation may include more than
one CV.

The determinants of labour supply (and hence aggregate supply) within the
model are set out in terms of a conventional structural econometric model en-
abling us to describe the main arguments in the standard union-firm model of
Layard et al. In their model unions set the level of wages prevailing in the
economy and in return unions agree to allow managers the right to set em-
ployment. To determine the level of wages demanded, unions need to know
the value (or return) from not working. This is affected in part by the level of
unemployment benefits. Data on the return from not working in the Euro-11
appears (as yet) unavailable and even if it was available, its interpretation
might not be clear given the disparate levels of benefit offered by national
governments. To overcome this an unobserved components model (i.e. Kal-
man Filter) is used to obtain some estimates of the return from not working.
The advantage of this is twofold. First, estimates of the non-accelerating infla-
tion rate of unemployment (NAIRU) can be obtained, an exercise that is con-
ducted below. Second, the effects of policies that target changes in labour
supply measures can be simulated and assessed. Our approach thus brings to-
gether structural (i.e. the union-firm model) and time-series models of the
NAIRU.
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The third innovative feature of this paper is the assumption that individuals
update their expectations each period (i.e. they learn), rather than simply as-
suming that agents have rational expectations. Introducing learning into eco-
nometric models has potentially large rewards. Unlike in small analytical
models, the introduction of RE has changed the short-run policy responses of
the larger models in ways that are not totally plausible. For instance, if the go-
vernment announces that interest rates will increase by one per cent, exchange
rates in large-scale models will typically jump by approximately fifty per cent —
a highly implausible result (Fisher et al. 1990). However RE does have big
theoretical advantages since it assumes that agents use their information set
optimally, and it is the dominant assumption in modern macroeconomics.
Learning can potentially maintain the long-run advantages of RE (since learn-
ing has been shown to converge asymptotically to the RE solution under
rather general conditions), while overcoming its poor short-run policy respon-
ses in large-scale models. Expectations can enter these models in many areas,
but it is in the exchange rate sector where they have been shown to have the
largest effect. Typically expectations have been introduced via a forward-look-
ing open arbitrage exchange rate equation. The easiest way to introduce a
shock is through an exogenous price, usually the world price of oil. In this
paper learning also enters via the exchange rate equation, though the model
will be subjected to more than just a single shock.

The outline of the paper is as follows. Section 2 describes the data, the methods
used to construct a single aggregate from the eleven individual series, and
plots the behavior of the main series over the past fifteen to twenty years. The
model is presented in Section 3 with the estimation results shown in Section 4.
Section 5 contains estimates of the NAIRU for Euroland and Section 6 de-
scribes the results from some simulation exercises. Section 7 concludes.

2. The data

Methodological issues

Aggregating data across countries is of course problematic. Movements in ex-
change rates rule out simply adding up series across countries. Methods that
use estimates of exchange rates that are instead based on purchasing power
parity (PPP) are also unsatisfactory since PPP estimates are themselves not
uncontroversial and may be sample dependent. This means that before any ag-
gregation method can be chosen the following decisions need to be made. First
is the aggregation across levels or growth rates? Second, are the weights on
each country’s series assumed to be fixed (e.g. as with Paasche and Laspeyres
indices) or time varying? There are four available choices. The approach here
is to use data that is aggregated across growth rates and where the weights are
time varying. Beyer et al. (2000) have subsequently shown that this approach is
superior to other methods. Their reasons are discussed below.
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The weights attached to each individual country’s series are assumed to vary
over time. This approach was chosen since one major drawback with using
fixed weights is that they fail to capture any large changes to relative prices
that may occur. With data from the Euro-11 there have clearly been periods
where large devaluations and exchange rate movements have occurred. How-
ever, applying varying weights to series in levels results in distortions to the
data following exchange rate movements, distortions that can be shown to not
occur if the aggregated data is in growth rates. For these reasons the chosen
method of aggregation was to use the series in growth rates with the applied
weights allowed to vary over time.

For an aggregate real series Y, and its two country components Y, and Y,, the
aggregation method used and the derivation of the weights is as follows.

AY, AY, +AY,,
Y, Y,

=1 =1

Ay, =logY,—logY,_, = =Ay, @, +AY, 0,
where A is the first difference operator, y is the log of Y, and the weights w;, for
i=1to2are

EltYh Y,

1t
w“ - EltY1t+E2[Y2[ - Y1t+E2tY2t /Elt

where E is the exchange rate used to convert the values into a common cur-
rency (a similar formula exists for ®,). Exchange rate movements then alter
the magnitude of the weights attached to a country’s series and can be ex-
pected to vary over time. However the magnitudes of any individual series are
computed from growth rates and are not affected by changes to exchange
rates.

Euro-11 data

Figure 1 plots the Euro-11 data for some key Euroland series. The upper part
plots the annual change in output (GDP), consumption (C) and business in-
vestment (I). The series display a strong degree of procyclicality with con-
sumption in particular tracking changes to GDP. Throughout the 1980s the
Euro-11 economy exhibited steady growth without any of the booms/reces-
sions that were observed in the individual countries. Aggregating across the
eleven economies has had the effect of evening out these deviations from
trend, implying that country specific cycles may have become less synchro-
nised. During the 1990s however the smoothness of the series becomes less
prevalent with the beginning of this decade marked by a strong boom in GDP
and consumption. A sharp downturn in the economy then begins, bottoming
out in 1993, before a sustained period of steady growth is again maintained.
One last fact to note is the high volatility of the investment series. Fluctuations
in investment are much more severe than for any of the other series docu-
mented, a fact that has been well documented within individual countries.
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Figure 1
Key economic aggregates for the Euro-11 economy
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Figure 1 middle part plots the inflation (INF) rate, the unemployment (UP)
rate, and nominal long interest rates (RLG). Over this almost twenty year pe-
riod unemployment has continued to increase. A brief period of respite occur-
red towards the end of the 1980s but over the mid to late 1990s unemployment
has shown no tendency to fall. This is particularly worrying given that this peri-
od has been one of steady growth and explains why the term “jobless growth”
is an appropriate description of Euroland’s performance. One success has
been in the conduct of monetary policy however. Inflation has declined steadi-
ly over this period and appears to be well under control. Inflation’s decline
also explains the downward path of nominal long rates over this period.

Open economy series are plotted in Figure 1,lower part. Both exports (X) and
imports (M) are characterised by a series of short cycles, with their growth
rates rarely falling below zero. During the late 1990s both series showed strong
growth with annual growth rates averaging about five per cent a year. The
nominal effective exchange rate (measured as foreign currencies per Euros
and re-based for purposes of clarity so that 1995 = 0) has appreciated since the
mid 1980s in contrast to the early 1980s when the dollar was dominant (the US
averages about thirty per cent of Euro-11 trade). Recent falls in the Euro are
yet to show through given that the data ends in 1999 quarter one.

3. The model

From Layard et al. the standard labour market model comprises of a model of
the wage bargain between unions and managers, and technology and product
demand assumptions. In the model economy there are many firms (indexed by
i) that are all unionised. Unions are assumed to maximise with respect to nom-
inal wages a function that is the weighted average of the difference between
the nominal wage paid by firm i (W,) and the expected real income of a worker
who loses his job (A), which can be thought of as the level of unemployment
benefits, a transition function (S) that governs the ease with which an unem-
ployed person can find employment (and vice versa) and nt{, the ith firm’s ex-
pected profits that are themselves determined by the amount of wages paid,

maxQ=(W, -4)" s(W,)’x: (W,) (1)
Product demand is assumed to be a constant elasticity demand function,
Y, =Piin Y, (2)

where P, is the real price of firm i’s output, Y ;; is a demand shift variable and n
is the price elasticity. Without any loss of generality, the production function
for each firm is assumed to be Cobb-Douglas,

Y, =N K™ ®)
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Since all firms are by assumption identical, we can delete the index i since
W,=W, K,=K, N;=N and P, = 1. By maximising the Nash product in (1), and
by assuming profit maximisation using (2) and (3), a key equation relating the
amount of labour supplied to the aggregate wage can be obtained,

W=7(K/N,xp, AU,aq) 4)

Nominal wages are a function of the firm’s capital — labour ratio, a measure of
competitiveness (k=1—-1/7), the strength of union power (B), a variable (A)
that captures everything that determines the return from not working except
unemployment, unemployment (U) itself and the degree of labour intensity
(o). This relationship can be thought of as a labour supply condition since
these factors determine how willing workers are to supply their labour each
period. The firm’s first order profit maximising conditions for labour and capi-

tal are,
w K\™
P—ock(Nj (5)

%z(l —oc)k(ﬁ)a. (6)

Equations (4) — (6) are three long-run relationships that can be estimated and
included as cointegrating vectors in the dynamic equations, where we allow for
the possibility that these long-run relationships may enter more than one re-
gression. Note that Layard et al. interchangeably use (5) as an employment or
a price equation, in their model it has both interpretations.

The empirical implementation of the wage bargaining model can be prob-
lematic even in countries where there are no data problems: what variables are
to be used that can capture exactly the value of the alternative to work (A)?
For the Euro-11 data it is even more difficult. As far as we are aware no data
exists on aggregate values for such series as unemployment benefits, and even
if they did their interpretation could be difficult given the large differences
that prevail across countries. However, the advantages from incorporating
some measure of A are big. Simulation exercises that analyse the response of
the economy to changes in labour supply measures could be conducted and
superior measures of the NAIRU obtained. Therefore, the approach taken
here was to use an unobserved components (UC) model to obtain an estimate
of this variable. UC models are being increasingly used for estimating models
of the NAIRU over the business cycle (see Richardson et al. 2000, Laubach
1999, Orlandi, Pichelmann 2000 for NAIRU models; Artis, Zhang 1999 for an
application to business cycles). For our purposes such pure time-series models
have considerable drawbacks. Although they treat the NAIRU as time vary-
ing, they do not enable us to attribute these variations to changes in labour
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supply variables for example. Little guidance can then be offered on the policy
implications of the persistently high levels of unemployment in Europe, or in-
deed its sources. For this a structural model is needed.

Laubach (1999) is an example of the pure time-series approach. He estimates
a univariate model of the form

An :Y(L)(uz—l —u;, ) (7)

where for simplicity lags are ignored, and where is the deviation of inflation
from its expected rate, and u” the (unobserved) NAIRU (note that Laubach’s
Phillips Curve specification actually uses other lagged supply-side variables
such as the nominal exchange rate and commodity prices so it is not entirely
devoid of structure). Laubach estimates the NAIRU as a UC model assuming
that the NAIRU follows a random walk with drift,

n___,n
u, _ur—l_HJ'T—l +Vt

M=K 16,

This assumption is in contrast to that made in Gordon (1997), for example,
who assumed that the US NAIRU was a random walk without drift. Laubach’s
model would appear to be an improvement on this, but even so he finds that
the NAIRU estimates he gets are subject to great imprecision (even with the
addition of a second equation for the unemployment gap which forces it to be
mean reverting).

Our method combines both structural and time-series techniques so goes
some way to overcoming the problems noted in the other studies. In turn, we
adopt a (partial) time series approach because of a major problem in trying to
estimate a long run wage equation of the standard form as represented by
equation (7) above for the Euro-11.In the case of the Euro-11 there is a lack of
data for variables affecting the transition probability and alternative wage.
That is, apart from unemployment, other variables that affect the wage out of
work (A) and the relative strength of unions () are unobtainable.

Our approach to resolving this problem is to use an unobserved components
model for that part of the wage model which represents the “union” part of the
Nash bargain given by equation (1). Implicitly the “firm” part of the equation
(i.e.the m(.) term) is taken to be the marginal productivity condition — as it is in
most applications. What remains after this, measurable, component is par-
tialled out is then treated as due to the union side of the bargain (and which we
loosely refer to as labour supply factors).

More formally we can write the UC model as the dynamic nominal wage equa-
tion,
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|

A ant -A ant—l =0 +0ly ant—l —lnPt_1 _lnFNt—l ) @
( ) , ’
+0L2L1nWt_1 —lnPt_1 +0L3Ut_1 —0c4At_1 J+dynamlcs +e
e, ~N(0O,W,)

where o}, 0, are negative, 0 is positive and /'y, is the marginal product of em-
ployment. This is an equation that includes both the dynamics and labour de-
mand terms (such as the standard neo-classical marginal product of la-
bour/real wage equality). We can then condition on these terms to estimate
the unobserved union/laboursupply term (A). To put this model into a form
that can be estimated, we need some assumptions about the process driving A,
and to use these in setting up the model in a Kalman Filter form. We assume
that the A process is,

At:Az—l—i—STz—Fsiz; eerN(O’Qlt) (9)
ST, =S8T, ,+¢,; EZINN(O’QZI)‘ (10)

Equations (8) - (10) are then estimated by the Kalman Filter where (8) is the
measurement equation, and (9) and (10) the state equations. In these latter
equations a slightly more general approach has been taken that allows the
state variable to be a random walk with drift (the drift term being given by ST)).
A is thus assumed to follow a random walk with a stochastic trend (ST). The
motivation for the inclusion of a stochastic trend in the union/labour supply
process is to capture the perceived upward trend in the value of the alterna-
tives to work, matching the upward trend in nominal wages over time.

Although estimation is by single equation methods we allow for the possibility
that each dynamic equation may contain more than one long-run cointegrat-
ing relationship. The set of dynamic equations for nominal wages, prices, em-
ployment and capital take the following general form,

0, (LIAW, =6,, (L)AP,_, +a, (Fl;/t—l W /P, )+ (11)
oy (Wt—l /Pr—l +0‘1UH _At—l)
621(L)APt =0,, (L)AWH +0L21(F1’w71 -W_, /PH) (12)

eSl(L)ANr =0, (L)A(Wt—l /P, )+OL BI(F];/t—l -W._, /P, )+ (13)

A3 (Y:—l _f(N[—l’Kr—l))

0, (L)AK, =0, (L)Ar,_ +o.,, (Fy,_, —7._,). (14)
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The final term in (11) is the empirical implementation of the long-run wage
equation (5) where U is unemployment and A is the return from not working,
estimated by the UC model. The other equation to note is the employment
equation (13), where both the marginal product condition (6) and a term cap-
turing the difference between actual GDP and the level of GDP determined
by supply factors (i.e. the production function) enter. The inclusion of both
terms can be thought of as capturing the fact that some firms are not output
constrained and hence employ workers according to the neo-classical demand
function. At the same time there are other firms that are output constrained
and this final term o.3,( ) captures this by assuming that they meet their output
target by varying their labour input, given their capital stock.

Clearly other items are required to complete and close the model but since the
rest of the model is straightforward it can be summarised briefly. The long run
levels part of consumption allows for the familiar theoretical considerations.
Consumption is assumed to be a function of income, net wealth (NW), and the
long-term real interest rate (RLG-INF), all expressed in real terms. Homoge-
neity is also imposed on the level of real income so that explosive behaviour
for consumption as the economy expands is ruled out,

C,=f(NW,,Y,RLG,, INF,) (15)

The aggregate price level (the producer price index is used here) is assumed to
be a weighted average of unit wage costs (total employment multiplied by
earnings divided by output) and import prices (PM).

P,=f(N,,W,Y, PM,) (16)

Import prices have been included to capture price changes for those goods im-
ported by producers. Data problems for the Euro-11 mean however that the
import price measure incorporates the prices of goods traded between the
Euro-11 countries, as well as the prices of goods from outside this area. To
overcome this a separate equation for import prices was estimated explicitly
allowing for the possibility that the import price measure may incorporate do-
mestic prices.

PM, =f(P,,WP,), (17)

Over the long-run import prices are assumed to be a function of a competitive-
ness measure (here world prices, WP) and domestic prices. Incorporating do-
mestic prices should directly correct for the presence of intra-traded goods in
the import price measure.

Open economy effects are captured by the import (M) and export (X) regres-
sions. Both equations contain a price and a quantity variable. The chosen price
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variable, or measure of competitiveness, is relative wage costs (WCR). Varia-
tions in quantities are captured by total final expenditure (TFE = GDP + M)
in the imports equation, and by a world trade (WT) measure in the exports
equation.

M, = f(TFE,WCR,), (18)
X, =f(WT,,WCR, ), (19)

We also have a technical relation for the consumer price (P,) linking it to the
producer price (P) in (5),

AP, =AP, (20)
In aggregate a resource constraint binds,
GDP. =C, +1,+GC,+X,-M, (21)

where [ is business investment and government consumption (GC) is assumed
to be exogenous. Equation (14) describes the evolution of the capital stock
with investment changing over time in the usual manner,

1,=K,-(1-8)K,_,. (22)

Finally, we can note the policy rules used. The monetary rule adjusts the nomi-
nal interest rate such that deviations of inflation from its target rate are mini-
mised (using the conventional proportional, integral, differential (PID) for-
mula). Fiscal rules (again using a PID form) adjust tax rates such that the gov-
ernment’s budget constraint is met, where for the moment government spend-
ing is assumed exogenous.

4. Estimation results

Results from estimating each of the equations are given in the appendix. The
production function was calibrated such that the share of capital in output was
0.36, the value typically chosen in the real business cycle literature (e.g. Kyd-
land, Prescott 1982). Constant returns to scale was also assumed. From these
equations it is straightforward to obtain estimates of the marginal products of
capital and labour.

In the long-run consumption function wealth effects are reasonably strong. A
one per cent increase in the ratio of real net wealth to real personal disposable
income leads to a rise in consumption of 0.13 per cent. Long-term real interest
rates also enter the CV for consumption though its effects are not particularly
large. The hypothesis of homogeneity in consumption and income could not
be rejected. Underlying the estimation process was the decision to obtain re-
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sults that are parsimonious and that have good dynamic properties. The dy-
namic consumption equation typifies this. Dynamics enter solely from the
change in real personal disposable income (lagged one quarter). Lagged terms
in consumption, income, inflation and real interest rates were also included at
the initial first stage but their t-statistics were either very low or entered with
the incorrect sign. The estimated dynamic investment equation contains
lagged dynamic terms in both GDP and investment. Its CV is the difference
between the real interest rate (used to proxy capital’s marginal cost) and the
marginal product of capital. If the interest rate is above capital’s marginal pro-
duct,investment falls so that the capital stock can return to its long-run level.

The dynamic employment equation contains two long-run relationships. One
is the difference between actual output and the level of output that can cur-
rently be produced by supply- constrained firms. This term enters with a coef-
ficient of 0.13. The second CV is the difference between the real wage (la-
bour’s marginal cost) and the marginal product of labour. If labour’s marginal
product is above its marginal cost then the level of employment increases since
firms seek to employ more workers. The coefficient on this term is 0.02. Dy-
namics enter via two lagged changes in employment. The earnings equation
also contains two long-run terms. One being the difference between actual
output and a measure of output by the supply constrained firms. The second
term is from the wage bargaining model. Unions choose the wage dependent
upon the level of unemployment (a proxy for the probability that workers may
lose their job if the chosen wage is too high) and the return from not working
(A). The series for A was obtained by a Kalman Filter estimation process with
A assumed to be an unobserved variable. Also included in the Kalman Filter
was the level of unemployment and the real wage. The residuals from this re-
gression then enter the dynamic wage equation. Interpretation of the coeffi-
cients isn’t straightforward. For instance, the coefficient on the lagged unem-
ployment term is —0.02, which seems small but simulation exercises suggest
that this has a strong effect on the simulation properties of the model.

Aggregate prices in the long run are a weighted average of unit wage costs and
import prices, with UWC having the largest weight (0.82). The dynamic price
equation then contains this CV (with a coefficient of 0.2) plus a lagged dynam-
ic price term and the change in earnings lagged one quarter. In turn, import
prices are a weighted average of the log of prices plus the log of world prices,
with both having approximately equal weight.

The final set of estimated equations concern the open economy effects from
the trade equations. In the long run exports equation, exports move
one-for-one with world trade, and the coefficient of relative wage costs is 0.38.
This CV enters the dynamic exports equation with a coefficient of 0.19. The
other term is a lagged dynamics term. The CV for imports has total final ex-
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penditure as the quantity variable, again imposed with a unit coefficient, and
relative wage costs which are more important for imports since its coefficient
is now 0.64. In the dynamic imports equation the error-correction mechanism
enters with a coefficient of —0.18, implying a return to equilibrium reasonably
quickly each quarter. Also included are three lagged dependent variables with
coefficients of 0.13,0.25 and 0.18 respectively. This completes a description of
the econometric results.

5. Estimating the NAIRU in the Euro-11

In this section the model is used to obtain two estimates of the NAIRU. The
first estimate is perhaps more appropriately termed the NAWRU, since it is
earnings inflation that is being targeted and not price inflation. The estimate is
obtained by asking what the unemployment rate should be to set the current
period’s wage inflation rate equal to the previous period’s rate. The mechanics
of this exercise simply involve inverting the earnings equation. A plot of the
resulting estimate is shown in Figure 2. From these figures it appears that the
short-run NAWRU closely tracks the actual unemployment rate. The biggest
discernable difference between the two series is over the period 1991 — 1995
when the estimated NAWRU is consistently lower than the actual unemploy-
ment rate. This occurs at a time when the inflation rate was steadily falling.

Figure 2 lower part plots a long-run version of the NAIRU. This series was ob-
tained by asking what level of unemployment would be necessary for the price
level to be equal to the long-run level of prices implied by the cointegrating
vector in the price equation. Based on these figures and in contrast to the
short-run NAWRU estimates, the NAIRU has proved remarkably invariant
given the changes that have occurred in the Eurozone over this period. From
1993 the NAIRU begins to gradually rise as the actual unemployment rate in-
creases into double digits. The net effect is that the NAIRU is now half of one
per cent higher in the 1990s than it was in the 1980s. It may seem surprising
that our estimates for the NAIRU are relatively invariant over time. However
these results are not unusual. Laubach used a Kalman Filter to estimate NAI-
RU’s for the G7 and also found his estimates to be approximately constant for
each of the countries?.

6. Simulation exercises

In this section the response of the model to two types of shocks is presented.
First, the model is subjected to a temporary shock to government consump-
tion. Second, the return to not working is shocked temporarily.

21t may be that our specification of the dynamic wage equation (8) is responsible for the constan-
cy of the NAIRU. The return from not working (A) is modelled as a Kalman Filter process and it
may be that any movements in the NAIRU are being captured by this variable.
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Figure 2
The short-run NAIRU for the Euro-11
1985-1 to 1999-4; in %
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A temporary shock to government consumption

For this shock government consumption is increased by 5 % over the period
1987Q1 to 1990Q1 (results are presented in Figures 3 and 4). Figure 3 plots the
responses of GDP, consumption and investment. Since government consump-
tion is a component of GDP from the resource constraint, GDP is higher for
the duration of the increase in GC. Consumption, which is a function of real
disposable income, rises gradually following GDP’s increase. Surprisingly
there is little effect upon investment. By the end of the sample period invest-
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Figure 3
Temporary shock to government consumption
1988-1 to 1999-4;in %
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Figure 4

Learning parameters following a government shock
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ment begins to rise as interest rates fall (see Figure 3 middle) following the de-
creases in output. Inflation too is unchanged following the shock but unem-
ployment falls during the period of the increased expenditure before begin-
ning a sustained period of recovery. Positively correlated with the decline in
GDP is the depreciation of the nominal effective exchange rate (RX), plotted
in Figure 3 lower part. Occurring with the depreciation is a decline in imports,
though the change in exports is much smaller.

Expectations enter into the model via an open arbitrage equation requiring
the difference in the levels of real interest rates between two countries to be
equal to the expected change in the real exchange rate. Under rational expec-
tations the expected exchange rate next period would be equal to the actual
exchange rate, subject to any shock. Under learning it is instead assumed that
agents use a rule to predict the expected exchange rate. This expected ex-
change rate rule can be a function of any of the other variables, though for the
purposes of modelling a parsimonious specification is usually chosen. Each
period, as new information becomes available, agents update the rule as they
learn which variables are relevant for forecasting the exchange rate and which
variables are not. Marcet/Sargent (1989) have shown that so long as the learn-
ing rule contains some information that is correlated with the true process
driving exchange rates then the exchange rate under learning will converge to
the exchange rate equilibrium derived under rational expectations.
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Figure 5
Temporary shock to the labour supply
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Figure 6
Learning parameters following a shock to the labour supply
1980-1 to 1999-4;in %
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In our model the expected real effective exchange rate (between Euroland
and the rest of the world) is assumed to be a linear function of lagged nominal
effective exchange rates. Figure 4 plots how the learning parameters evolve
over time, with a; being the constant and a, the coefficient on lagged exchange
rates. One would expect these parameters to converge over time as the ex-
change rate converges asymptotically onto the rational expectations solution
although here, ten years after the shock, there is still some way to go before
this has occurred.

A temporary shock to the return from not working

As above, the shock to the return from not working (which can be interpreted
as a decrease in unemployment benefits) is temporary and also lasts for the
period 1987Q1 to 1990Q1. Given the bargaining framework, any decrease in
unemployment benefits results in a fall in the wage paid by firms, and de-
manded by unions, since there is a lower return available elsewhere in the eco-
nomy. Figure 5 indicates that GDP, consumption and investment are all higher
than prior to the decrease in benefits. The amount of labour supplied increases
in this economy as the wage falls resulting in higher GDP, consumption and in-
vestment. Inflation (a function of unit wage costs) rises along with the real
long rate. Unemployment falls as the amount of labour supplied in the econo-
my is raised. Nominal exchange rates appreciate for the five years following
the shock with imports rising as their price has fallen (following a short lag).
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Exports are again unresponsive to these exchange rate movements. The learn-
ing parameters a; and a, show a higher degree of convergence following this
shock and appear well on their way to converging (Figure 6).

7. Conclusion

This paper has estimated a medium-sized model of the Euro-11 area. Three
features of the model are worth noting. First, a specific supply-side built up
from a Cobb- Douglas production model was constructed and estimated. Sec-
ond, a general form for each equation was specified so that more than one
long-run relationship could enter into each dynamic regression. Third, the
model was simulated under the assumption that agents learn. The model was
then used for two purposes. First, to estimate the level of the NAIRU in the
Euro-11 area. Two measures were constructed: one short run and one long run
measure. The short-run measure was found to closely track actual unemploy-
ment over the sample period. In contrast the long-run measure of the NAIRU
was relatively stable at 9 per cent, though there was some evidence to suggest
that it may be beginning to fall. Second, the model was used to study how the
Euro-11 economy responds to different types of shocks. Temporary shocks to
government expenditure and unemployment benefits were each found to act
as stimulants to GDP and other key series for the first five years at least before
the effect of higher real interest rates began to feed in. In future work, we in-
tend to extend the model’s database by approximately fifty years so that ques-
tions concerning the stability of the model can be addressed and experiments
conducted where the duration of the shock (policy change) is much longer.

Appendix: Estimation Results
Production
y, =036k, +(1-0.36)n, + dummies (A1)

where lower case letters denote logs. From (i) the marginal products of capital
(MPK) and labour (MPL) are next derived which in turn are set equal to the
real rental rate of capital and real wage respectively.

Consumption

ECMC, =c, -y, +0.08-014(nw, -y, )+0.002(RLG, —INF, )+ dummies +¢ ,(A2)

Ac, =0.004+0.24Arpdi, | —012ECMC, +dummies +¢, (A3)
(5.15) (2.84)

R? =0.86;6=0.003;(4) sc=2.84;%(2) y =151;x(1) 5 =0.48.
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Investment
ECMK,=RLG,-INF,-MPK, +0.26 (A4)

Ai, =0006+037( Ay, , —Ay, , )+022Ai,  —0.03ECMK, | +dummies +¢, (A5)
(2.47)(1.45) (1.70)  (2.33)

R? =0.42;6=0.014;3x(4) sc=359%%(2)y =0.26;%x(1); =2.03.
Employment
ECMW, =w,—p, +5.06—mpl, (A6)
ECMY, =y, —036k,—(1-0.36) n, —dummies (A7)
i.e. the difference between actual output and supply constrained output.

An, =0.0005+019An, , +0.45An, , +0133ecmy, | — (A8)
(1.62) (1.99) (4.85) (2.10)

0.002ecmw,_, +dummies +¢,
(1.26)

R? =0.48,6=0.003;x(4) sc=753;%(2) y =1.86;%(1); =051.
Earnings

Aer, =—0.74+1.266 A, —0.38ecmw,_, —056( er,_,—p, , ) - (A9)
(11.5)  (6.52) (9.29)

0.02UP,_, +dummies +¢,
(12.27)

R? =094;6=0.011;(4) sc=7.49;x(1) ; =0.80.
Prices
ECMP, = p,-0.06—0.82(n, +er,—y, )-(1-0.82)* pm, (A10)

Ap,—Ap, , =0.003-02ecm,_, +¢, (A11)
(2.06)

R? =0.79;6=0.003;x(4) sc=2.49%(2)y =0.20;x(1) ; =068.

Apm, =—067+049p, +051wp, +dummies +e, (A12)
(85.2)(9.13) (9.13)

R? =092;6=0.04;(4) sc=490,%(2) y =098;x(1);; =0.04.
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Exports
ECMX, =x,—wt,—-316+0.39wcr, + dummies (A13)
Ax, =0.01+0.2444Ax, | —0199ecmx, | +dummies +¢, (A14)
(5.30) (2.78) (2.55)
R* =043;6=0.01;%(4) sc=5.80;x(2) y =1.20;%(1); =0.49.
Imports

ECMM, =m, —tfe, +496—064wcr, + dummies (A15)
where tfe is total final expenditure (GDP + M)

Am, =0.005+014Am, | +026Am, , +018Am, , — (xvi)
(235) (122)  (2.49) (1.72)

0.18ecmm,_, +dummies +€,
(1.00)

R? =036;6=0.01;3(4) sc=299%(2)y =225:%(1) =1.20.

Note:

6 : standard error of the regression;

x(4)sc  : LM test for serial correlation with a Chi-squared distribution with 4 d.o.f;
x(2)y  : LM test for normality with a Chi-squared distribution and 2 d.o.f;

x(1);;  : LM test for heteroscedasticity with a Chi-squared distribution and 1 d.o.f.
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Mika Kortelainen and David G. Mayes

Using EDGE - A Dynamic General Equilibrium Model
of the Euro Area

As amember of the Eurosystem the Bank of Finland has to be able to make its
own judgements about the prospects for price stability in the euro area and
about the implications this has for setting policy in the Eurosystem. In order to
provide consistent and coherent advice from a clear point of view it is sensible
to base this process on a relatively simple and analytically understandable
macroeconomic model. As the Bank of Finland has been developing its view
of the Finnish economy over a long period of time and incorporating that in a
series of econometric models, the latest of which is BOF5 (Willman et al.
1998), this would seem a sensible starting point for a euro area model. At least
there is some experience in how models of this sort work and some confidence
in their use. A key issue for the Bank is transparency. Transparency is normally
thought of as making the Bank’s thinking transparent with respect to the out-
side world but in the current context it also needs to be trans- parent within the
Eurosystem. The other National Central Banks and the ECB need to be able
understand readily how the Bank of Finland views the workings of the euro
economy and therefore be able to understand the ex ante advice as well as the
ex post analysis of the effects of different shocks, assumptions and policy reac-
tions.

Although the euro area is sixty times as large as Finland in economic terms
and rather more closed and complex, there is no reason why the same sort of
macroeconomic framework should not apply but with different parameters.
However, BOFS5 is quite a large model, with nearly 400 equations 60 of which
are estimated. Even if it were possible, replicating this at the euro level would
be a major and long-term exercise. Policy has had to be made with the tools
available from the outset of the Eurosystem (effectively late 1998 although the
euro did not come into being until 4th January 1999). It therefore seemed sen-
sible to start with a smaller model which incorporated the main theoretical
features. EDGE has therefore been designed to have the minimum structure
consistent with incorporating the main relationships in the economy relating
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to the operation of monetary policy. It has 40 equations 13 of which are behav-
ioural. The remainder are definitions, identities and policy rules. The model is
deliberately designed to have a similar structure of variables to the ECB’s
Area-Wide Model (AWM) for comparability and use in the policy process
(Fagan et al. 2001).

However, modelling the euro area presents two further fundamental prob-
lems. The euro area is a new construct. Although its constituent member states
existed before, they were not operating together in the same way even in the
period immediately beforehand. Estimating a model using data related to the
past is therefore not necessarily a very good guide to what behaviour will be in
the future. After all the whole point of Economic and Monetary Union is to
change the behaviour of the euro economy, making it more flexible, more dy-
namic and hence able to grow faster in real terms on the one hand and more
stable both in nominal (price) terms and in terms of real fluctuations round
the faster growth path on the other. The model therefore has to be able to cope
with structural change and have a structure that allows us to explore the impli-
cations of changes in behaviour. Secondly, even if we could set up such a model
for estimation the data did not exist. We have therefore created our own data-
base from published sources (Table 4, Appendix) but many of the series are
very short!. Therefore, despite the advantages of estimation there is no alter-
native initially to calibrating the model on the basis of international evidence
of parameter values, consistent with the characteristics of the new information
held in the euro database. As time passes no doubt it will become possible to
move nearer an estimated model.

In Section 1, which follows, we outline the structure and thinking behind
EDGE and list its equations. A fuller version is published in Kortelainen
(2001). The key requirements for the model are that it is forward-looking and
incorporates model consistent expectations, that there be a private sector that
can respond to foreign and domestic demand and supply shocks, that there be
a foreign sector and fiscal and monetary authorities that can set policy in a de-
scribable manner. The model needs to converge towards a coherent steady
state with plausible adjustment paths. Section 2 therefore describes how we
derived the parameter values and the adjustment paths in the light of existing
evidence and indications about how the euro area may work.

The main part of the paper is, however, Sections 3 and 4, where we examine
how the model works in practice. In Section 3 we show how the model re-
sponds to a range of common shocks including changes in fiscal and monetary
policy, domestic and foreign demand and supply shocks. Given recent and
widely discussed prospects we include exchange rate and stock market shocks.

L An carlier version of this model used a database developed by Fagan et al. 2001. The new data-
base and the calibration is described in detail in Kortelainen 2002.
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Section 4 on the other hand explores how the monetary authority — the Euro-
system — interacts with the rest of the economy. We explore three straight-for-
ward cases.

In the first case we explore the importance of “credibility” and show the dif-
ference in impact on the economy of a policy change if the bank is credible and
the difference in impact if the Eurosystem acts as if it were credible when it is
not. In the second two cases we consider problems of a structural change in the
economy, firstly in the NAIRU and secondly in real rate of interest. Both of
these are treated as aspects of either a “new economy” or simply the impact of
closer integration stemming from EMU. We show the differences in impact if
the central bank and the private sector perceive the change from when they do
not and explore how different learning mechanisms affect the outcome. In
particular we explore the consequences if the private sector misperceives the
central bank’s reaction function. Thus we solve the model with the central
bank basing its decisions on one reaction function and the private sector bas-
ing its decisions on a different central bank reaction function.

1. An outline of the EDGE model

The economy modelled in EDGE is divided into five sectors: households,
firms, the government, the monetary authority and the rest of the world. The
model itself (Appendix) has some 40 equations, 13 of which are behavioural, 5
define public policy, with the remaining 22 being identities. While the model is
set out in dynamic form, it converges to a steady state in which stock equilibri-
um is defined and the real rate of growth is set (Appendix).

We follow the representative agent approach for both households and firms.
Households are assumed to maximise the discounted value of lifetime con-
sumption, using the Blanchard (1985) stochastic lifetime approach in a similar
manner to that implemented in Sefton/in’t Veld (1999). Behaviour is thus for-
ward-looking with households basing their current actions on their expected
wealth, derived from both financial assets and income (human wealth). Firms
face a Cobb-Douglas technology (although Ripatti/Vilmunen (2001) show
how this can be extended to a CES framework). The representative firm maxi-
mises the discounted value of expected real dividends (profits). This generates
an adjustment process for capital and labour demand derived from inverting
the production function and a demand for inventories. Wages are negotiated
along the lines of overlapping Calvo (1983) contracts. Thus in determining
capital, labour and wages the behaviour is forward-looking. Adjustment pro-
cess are deliberately simple but unlike many similar models there is no at-
tempt to add in subsequent adjustment processes to put more grit in the
wheels of change. In the case of real wages the bargain depends on marginal
product of labour and the departure of unemployment from the “NAIRU”.
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Prices tend to short-run marginal labour cost in the long run, adjusting accord-
ing to a quadratic loss function.

The modelling of the foreign sector is based on trade equations rather than on
the net acquisition of foreign assets. This approach is not yet satisfactory as the
available statistics include trade within the euro area as well as outside it.
Prices of both exports and exports depend upon foreign and domestic prices
and the CPI (and investment deflator) depend on domestic and import prices.
Completing the model, we assume that government adjusts the direct tax rate
to achieve the steady-state debt to nominal GDP ratio, given decisions over
public investment, consumption and indirect taxes. The path is controlled by
the net lending to GDP condition as in the Maastricht Treaty. Similarly, given
an inflation target the monetary authority sets interest rates following a Taylor
rule (using the “unemployment gap” described in the case of wage setting
rather than an output gap in addition to the deviation of inflation from the
target). The exchange rate is then determined by uncovered interest rate pari-
ty, given the exogenously determined foreign rate of interest.

2. Calibration

It is not possible to use simple estimation to derive the parameters of a euro
area model as there is no past history of the area. It is therefore necessary to
approach the problem in a more complex and indirect manner. We can try to
infer the likely behaviour of the euro area by (a) considering how its compo-
nents functioned in the past (b) observing how behaviour has been changing
in recent years as the member states have sought to converge (c) projecting
such changes into the future (d) comparing the projected behaviour with that
in similar areas — principally the United States (e) comparing the process of
structural change with that observed in other instances. In conducting these
steps we can use a combination of our own new estimates and the cumulation
of modelling experience of others.

This strategy represents a process of calibration, using the evidence available
to derive plausible values for the model parameters. However, this is only a
starting point as such a process works best for individual parameters and char-
acteristics of the steady state. It does not work so well for deriving the proper-
ties of the model as a whole. Two things are required for the complete model.
One is that it fits quite well to the characteristics of the data we can create for
the euro area, particularly in the most recent periods. The second is that the
simulation properties of the model seem plausible — again in the light of previ-
ous experience with the member states and experience with models of other
large “countries”.
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The bulk of this paper is concerned with the model’s simulation properties,
which we turn to in the next section. Here we deal with the earlier steps in the
calibration process, using the database described in the previous section.

The key parameters to be established for the steady state (Table 1) are
g : the real rate of growth

d : the rate of depreciation

to set the equilibrium path

x : the equity premium

B : the share of capital in the economy

and a series of other parameters to set the steady-state ratios for inventories,
government transfers, debt, real consumption, real investment and other in-
come to GDP. Weights need to be determined for the components of the price
indexes and the trade equations need to be calibrated as a whole in a manner
consistent with stable exchange rate determination. Values have to be as-
signed to the NAIRU and to the two key parameters in the consumption func-
tion — the subjective discount factor and the probability of death. Lastly the
adjustment speeds of labour demand, wages and the GDP deflator need to be
set.

The results of these choices are set out in the Appendix. Where series were sta-
ble we used estimated or average values from the data period available for the
euro area. Where they were unstable we used values prevailing at the end of
the period, particularly for the projection of the model into the future. Thus,
for example, g was calibrated as 0.5 % per quarter to omit the slower growth
associated with convergence to the Maastricht criteria but without a return to
the higher rates occurring before the 1990s or any strong new economy effect.
Such prospects are best left to simulations. In the same way the NAIRU was
estimated as an HP filter through the data period with its most recent value
projected forward. Again it may very well be appropriate to argue that struc-
tural reforms will enable this value to fall in the future and hence this can be
entered into the simulations as we explore in the next section.

The calibration of the equity premium is largely based on the US experience
(Siegel 1992). Calibrating the consumption equation proved a little difficult as
the parameter values that fit the data well imply a sensible marginal propensi-
ty to consume but rather implausibly high values for the subjective discount
factor and probability of death. Rather than solve this by the traditional meth-
od of adding somewhat arbitrary lags to the consumption equation we decided
to remain data consistent as an initial step.

While we can fix the government sector according to practice prevailing in the
data period as described, the monetary authority’s reaction function is proba-
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bly the most important choice from our point of view. Again what is necessary
is a simple starting point from which simulations of different functions can be
run as we will demonstrate in the next section. We therefore posit a Taylor rule
based on the foreign real rate of interest and equal weights on the inflation
and unemployment gaps. No smoothing is assumed, although the specification
of the equation allows this. Taking all these calibrations together and filling the
model across the data period generates a reasonable fit, as indicated by Ta-
ble 2.

The second step is to calibrate the dynamic model. This involves the computa-
tion of leads and lags for the principal equations (Table 3). Kortelainen (2002)
shows the results from some stochastic simulations to determine how well the
calibrated model seems to track the properties of the data.

3. Simulations to set the characteristics of the model

EDGE is coded and solved in TROLL, using the Laffarque-Boucekkine-Juil-
lard algorithm to solve the model forward. In setting up the simulations we
first need to run the steady state model far enough forward to generate suita-
ble terminal conditions for the dynamic model. We have used 800 periods (200
years). Then in solving the dynamic model over the same time horizon we in-
sert a correcting factor for all the nominal and price variables in the terminal
period to equate the differences between the dynamic and steady state mod-
els. Thus while the real variables converge to their steady state values there is
no such requirement for the nominal variables.

We did not experience problems of convergence and EDGE appears to be dy-
namically stable over the long run. This therefore should give a suitable base
from which to compute policy simulations.

In order to set the properties of the model we ran a series of standard shocks to
the policy variables: taxes, government spending and the inflation target; to
drivers of the model: rate of growth of the labour force, world demand, equity
premium etc. However, some shocks can only be temporary, such as those to
the exchange rate and interest rates, if the steady state is to be regained. To il-
lustrate this we show examples of the following shocks in this section:

1. A shock from government policy in the form of a permanent increase in
public consumption equivalent to 1 % of GDP.

2. A domestic shock in the form of a permanent increase in the equity pre-
mium by 1 %.

3. A foreign shock in the form of a permanent increase in world demand by
1 %.
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It is important to have some yardstick against which to judge the resultant
paths. Hunt (2000) was particularly helpful in providing a comparison with the
responses of the IMF’s MULTIMOD. (There is always a danger of circularity
here in that if models are calibrated? against each other they may embody
modellers’ prejudices rather than observed behaviour.)

3.1 A shock from government policy

The key feature of the model that this simulation, increasing public consump-
tion permanently by the equivalent of 1 % of GDP, illustrates is that a shift of
resources towards the government reduces overall GDP, as productivity in the
public sector tends to be below that in the private sector (the picture is shown
in Figure 1). This of course is mainly because of the higher levels and growth
rates of productivity that are possible in manufacturing industry compared
with more service based activities. In the short run there is an increase in activ-
ity as it takes time for the increase in taxation required to finance the in-
creased public expenditure to reduce private sector spending. The counter-
weight to this is that unemployment falls as a result of the sectoral shift to-
wards more labour intensive activities. Because spending runs ahead of tax
revenue in the short run public debt increases, inflation also rises and along
with that nominal interest rates rise as the central bank tries to maintain price
stability. The interest rate increase is sufficiently large for it to be a real as well
as anominal increase. This in turn leads the real and nominal exchange rates to
increase as well. Because of the size of the initial shock to government debt it
takes a long time for nominal magnitudes to return to equilibrium and a no-
ticeable proportion of the adjustment process is still to come after the 15 years
shown in the Figure.

3.2 A permanent increase in the equity premium

Anincrease in the equity premium is in effect a downward shock to wealth as a
result of an increase in risk in the corporate sector. The immediate effect is a
cutback in consumption as the private sector tries to adjust (Figure 2). This
slows the economy, inflation falls, the real exchange rate falls and unemploy-
ment rises. The jump in these variables is largely the result of the impact of ex-
pectations of the future problems being discounted back into current asset
prices. Monetary policy can ease under these circumstances and real wages
fall. What is interesting in this example is that monetary policy cannot solve
the adjustment problem. Because the shock is to wealth, a stock variable, the
adjustment is not nearly complete even within the 15 year period shown. If
nominal interest rates were to be cut even further in the hope of having a rath-

2 The simulations shown stem from an earlier version of the model but the changes do not affect
the qualitative results and in most cases have little visible impact on the graphs shown.
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Figure 1

A shock from government policy in the form of a permanent increase
in public consumption equivalent to 1% of GDP

Difference from baseline

Main indicators; in % Inflation; in %-points
2 - 0.20
~~ ;
~~._-imports
1 ,," Qi ] — 015
! | BN
1 == -
y /| GDP deflator e 0.10
! — 0.05
/[ CPI deflator
o 0
investment ~  consumption— V
22 L O A S A R B O 1 A O
02 Wages; in % Unemployment; in %-points 0
01 — 001
’ real wage
2N — -0.02
0 N
N — -0.03
0.1 S
real product —"~< 7 — -0.04
wage = ~=-___-—
B2 I o 1 VO
0.3 1.5
02 — 1.0
0.5
0.1 —
0
0 0.5
0.1 - -1.0
22 O I R B B O T T T T T T T T T TTT] -1.5
50 Debt and lending; in %-points Account and assets; in %-points 0
' o, government ~
1.5 — /,’ \\/ debt/GDP \\ current account/GDP s
10+ 7 Ny . )
1 ~ \\
05 =/ . . — -10
0 —— e
0.5 government s -1
-U. — 1 /\\\
net lending/GDP net foreign assets/GDP ~
U B o TT T T T T T T T T TTT] 20
3 6 9 12 15 3 6 9 12 15
years years

Authors’ calculations. Explanations see text.




Using EDGE - A Dynamic General Equilibrium Model of the Euro Area 49
Figure 2
A domestic shock in the form of a permanent increase in equity premium by 1%-point
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Figure 3

Mika Kortelainen and David G. Mayes

A foreign shock in the form of a permanent increase in world demand by 1%
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er smaller cut in inflation then the real adjustment process for wealth would
merely be dragged out rather longer, making the loss on the unemployment
side of the Taylor rule greater. The result would therefore look rather different
if the central bank were purely targeting inflation.

3.3 A permanent increase in world demand

What is interesting from the simulation of a foreign demand shock is that it has
very little impact on the economy (Figure 3), with the exception of the trade
variables themselves. Because the shock is seen to be permanent it has an im-
mediate effect on behaviour through expectations, even though the realisa-
tion, period by period will come through much more steadily. The immediate
effect of this increase in demand comes through partly on trade volumes and
partly through an appreciation in the real and nominal exchange rate. As a re-
sult imports increase more than exports as in effect the terms of trade move in
favour of the euro area.

4. Monetary policy simulations

Thus far the shocks we have imposed show the central bank responding fol-
lowing a simple Taylor rule. Clearly the areas of greatest interest to us are to
explore what happens when the central bank is itself the initiator of shocks
and how the way the bank operates can affect the operation of the economy.
One of the obvious changes, which we do not explore here, is that rule itself
could be changed. We could alter the weights in the rule or indeed replace the
Taylor rule by an inflation forecast targeting rule (Amano et al. 1999). An in-
flation targeting rule is more difficult to implement as we have to be able to
solve the model for the inflation forecast before then implementing the rule.
Since the rule itself is part of the forecast this is a tedious process. However, in
this paper we focus on three aspects of the operation of the Taylor rule itself.
The first is simply to assess what happens when monetary policy settings
change in the form of

4. A temporary shock in the form of a two year increase in interest rates by
1 %3.

In this case the shock is not anticipated but it is not a “surprise” in the sense
that central bank is deviating from its anticipated rule for a short-run advan-
tage. Itis merely responding to information that it has,in the expected manner.
There is thus an asymmetry in the first period when the change is imple-
mented.

3 This simulation is labelled 4 as it follows on from the three in the previous section.
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However this “straightforward” form of shock has only limited interest for the
policy maker. We, therefore go on to show what happens if the central bank
tries to implement a change in policy in the form of a change in the inflation
target. We are concerned in this instance to show the importance of “credibili-
ty”. If a central bank is “credible” in this sense then the private sector will ex-
pect the policy change to succeed and inflation expectations will shift by the
full extent of the change in target. Our simulation in this case is thus:

5. An exploration of the importance of credibility in the form of a monetary
policy shock of a 1 % increase in the inflation target

a when the central bank is credible

b when the central bank is not believed and the central bank and private sec-
tors act simultaneously

¢ when the central bank is not believed and the central bank acts first.

The importance of simulation Sc is that in this case the private sector has the
opportunity of observing the central bank’s action. We can perhaps relate this
simulation to the discussion of transparency. If the private sector can be better
informed about what the central bank is doing then the costs of policy will be
lower.

Even so the case explored here is rather extreme. It seems unlikely on the one
hand that a large policy change would be fully credible immediately. At least
some of the private sector would doubt that it would be sustained. Hence to
some extent credibility would be earned by experience (see Vilmunen 1998
and Mattila 1998 for a discussion of these “peso” problems). On the other
hand it also seems unlikely that the central bank would not eventually gain a
substantial measure of credibility if it persevered with its policy. In some re-
spects this is akin to the process of learning (Tetlow et al. 1999). If events do
not turn out as anticipated then one would expect that both the central bank
and the private sector we realise that their view of the world may be incorrect
and slowly adjust their behaviour towards the new circumstances.

Our next step therefore is to take the case of an external shock and show the
difference in impact when central bank recognises the shock from when it
does not. The particular shock is as follows:

6. An examination of the impact of the central bank’s failure to recognise a
structural shift in the economy in the form of a 1 % fall in the NAIRU.

Two simulations have to be run in this instance, the first showing what happens
when the central bank does recognise the structural shift and the second when
it does not. This issue is one of the most important in monetary policy as struc-
tural shifts are always difficult to detect (unless due to regulatory change, in
which case the debate is over the size of the response) and confusion by the
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central bank of a shift in a relationship with a shock to the relationship* can
have major consequences, particularly since it may mislead the private sector.

We take one such example of learning but rather than just exploring how the
private sector might learn whether the monetary authority has actually
changed its behaviour we take the case of a change in the supply-side of the
economy and consider the effect on the behaviour of the model of different
learning processes:

7. An exploration of learning in the form of a 1 % reduction in the real rate of
interest

a when both central bank and private sector perceive it immediately
b when the central bank fails to realise it

¢ when the central bank and the private sector learn of the change linearly
over 5 years

4.1 A temporary interest rate shock

The three shocks we have shown thus far (in the previous Section) can be per-
manent, although in the case of the government spending shock it is because of
a matching increase in financing. It is rational for the private sector to act as if
these shocks were permanent in the light of no other evidence as future shocks
could be of either sign, unless of course public expenditure is reaching the
bounds of plausibility as a share of GDP. A change in interest rates on the oth-
er hand is inherently a short run temporary phenomenon unless there has
been a change to expected growth rates, productivity or the inflation target. As
is clear from Figure 4,a 2 year (nominal) interest rate rise has no long-term im-
pact on the economy. In almost all cases variables have returned to the steady
state after 3 years, i.e. within one year of the ending of the shock. However, as
there is a one-off fall in inflation, this will result in a permanent appreciation in
the nominal exchange rate (temporary appreciation in the real exchange rate).
Net foreign assets will also make a one-off permanent adjustment. The rise in
unemployment (fall in GDP) is substantial — over 2 % of GDP - in the short
run but rapidly disappears. As before the impacts of the shock are spread
among quantities and prices, with the real wage falling temporarily as well as
unemployment rising. Thus stickiness in the system is clearly limited.

Even in the case of a temporary interest rate shock it is necessary to find the
cause somewhere in order to conduct a logically coherent simulation. Other-
wise it will merely appear as a monetary policy surprise that will generate ex-
pectations of changes in the target of monetary policy. In this case we assume it

4 i.e.confusing a shift in a curve with a shift along it.



54 Mika Kortelainen and David G. Mayes

Figure 4

A temporary shock in the form of a two years increase in interest rates by 1%
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is a shock to foreign interest rates that requires a response of domestic mone-
tary policy through the Taylor rule.

4.2 The importance of credibility in monetary policy

Thus far the only policy shock we have considered is a fiscal policy shock. The
change in interest rates in the previous simulation was not a monetary policy
shock but an external shock to which monetary policy responded in a pre-
dictable manner. In this set of simulations we explore how much the credibility
of the central bank affects the impact on the economy.

In Figure 5a we consider the case where the central bank is credible. The shock
takes the form of an announced increase in the inflation target by 1 %. Nomi-
nal interest rates have to increase permanently by 1 % as well. The nominal
exchange rate will now depreciate steadily by 1 % a year compared to the base
level. The interest burden on government is also increased permanently, al-
though the response of taxes ensures that this cost is fully financed in the long
run. Perhaps the most interesting result is that there is a one-off gain in real
terms from this move. There is a jump in GDP, mainly through exports and
consumption in the short run before returning towards the steady state in the
second year. This is the real counterpart of the increase in inflation.

In Figures S5b and Sc we consider the consequences if the central bank is not
believed. Since increases in inflation targets are only too believable we have
considered the case of a reduction in the inflation target (by 1 %). Here al-
though the inflation rate falls the central bank is unable to get it to fall by 1 %,
it only falls by 0.15 %. Whereas in the case of a credible policy change the real
interest rate falls back to the steady-state value very quickly, when the central
bank is not credible, it deviates permanently by almost half a percentage point.
Thus instead of there being an upward blip in the real interest rate and single
step down in activity, the effect is permanently adverse to the tune of 0.1 % of
GDP. The permanently higher real interest rate draws in foreign funds, accu-
mulating foreign assets with a small trade surplus (imports fall more than ex-
ports) and the real exchange rate depreciates.

In the simulation shown in Figure 5b the model is solved simultaneously so the
central bank sets policy in the light of its lack of credibility. An alternative way
of looking at this, shown in Figure Sc is to assume that the central bank sets
policy on the assumption that it will be believed and then the private sector re-
sponds. In this case the costs are lower in the case of the domestic economy
and inflation returns to the steady-state value steadily over the period. Al-
though real and nominal interest rates are still somewhat higher than in the
credible case the margin is now considerably smaller. The effect on the foreign
sector is however greater as the exchange rate depreciated by more and the
trade gap is wider, also increasing net foreign assets.
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Figure 5a

An exploration of the importance of credibility in the form of a monetary policy shock of
a 1%-point increase in inflation target when the central bank is credible
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Figure 5b

An exploration of the importance of credibility in the form of a monetary policy shock
of a 1%-point decrease in inflation target when central bank is not believed
and central bank and private sector act simultaneously
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Figure 5c

An exploration of the importance of credibility in the form of a monetary policy shock
of a 1%-point decrease in inflation target when central bank is not believed
and the central bank acts first
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4.3 Learning

Itis rather unrealistic to assume that the central bank could carry on period af-
ter period in the assumption that it was credible, when the evidence revealed it
was not. In the same way the private sector could be expected to adjust its be-
haviour as the central bank repeated its response. It would be more realistic to
assume that the parties learn form each other.

The central bank’s reaction function is of the form
R=r#+n+05-(n—m)-05-(1-p)-(U-U)

where r# is the equilibrium real rate of interest and U the NAIRU. Currently
the NAIRU is exogenous in the model. We can therefore readily explore the
idea that an element of the “new economy” emerges in the euro area and as a
result the NAIRU falls. One of the key problems for monetary policy (see
Wieland 1998) for example, is that the monetary authority may not observe
this change. If we take the case of the fall in the rate of productivity growth in
the 1970s (Orphanides 2000) this failure of perception can be quite long stan-
ding. If the central bank were to spot the change immediately this would have
a favourable effect on the real economy right from the outset (Figure 6a). All
the components of GDP would rise and unemployment would fall rapidly by
the amount of the change in the NATRU. Monetary policy would initially ease
because of the downward shock on inflationary pressures, although it would
have to rise slightly as the economy approaches new capacity constraints. As
the benefit is purely domestic, imports will rise more than exports, the ex-
change rate depreciate and the net foreign assets will be lower compared to
GDP. If the central bank does not notice the change in the NAIRU then the
gains are slightly more muted. (Figure 6b) shows the differences if the gain is
not recognised. The GDP gain is smaller, the unemployment gain smaller — in-
deed unemployment never falls by the extent of the fall in the NAIRU and
monetary policy is run permanently tighter to the extent of nearly 30 basis
points. If we compare Figures 6a and 6b we can see that this is a striking diffe-
rence in stance. Instead of a brief initial cut in interest rates and then only a
5 basis point rise, policy is tighter because the central bank interprets the in-
crease in economic activity as a threat to future inflation. The inflation does
actually materialise although not to the anticipated extent.

To implement learning we return to the case where the shock is a permanent
fall in r*+ as this represents the simplest change to the Taylor rule. In the first
case (Figure 7a) we therefore explore what would happen if the central bank
failed to adjust immediately and learnt steadily over a period of 5 years, by im-
posing a linear adjustment on r*in the Taylor rule. (We experimented with a
number of other exogenous learning processes but the results were qualita-
tively similar.) As the bank learns, so real (and nominal) interest rates fall and
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Figure 6a

Mika Kortelainen and David G. Mayes

A permanent fall in NAIRU by 1%-point central bank does see the fall in NAIRU
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Figure 6b
A permanent fall in NAIRU by 1%-point Myopics vs. sharp-eyed central bank
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Figure 7a

An exploration of learning in the form of a 1%-point reduction
in the real rate of interest when the central bank fails to realise it
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Figure 7b

An exploration of learning in the form of a 1%-point reduction in the real rate of interest
when the central bank and the private sector learn of the change linearly over 5 years
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the real economy fa