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

M. Beeby, S.G. Hal and B. Henry’

Centre for International Macroeconomics, Oxford

November 2000

Abstract

A medium szed econometric moded of the Euro-11 economy is described which
has severd innovative features. Its supply-sde is built up from an estimated
production function, the labour market is based on wage bargaining theories
where state-gpace modelling techniques are used to generate estimates of the
return from not working ard agents are assumed to update their expectations
each period i.e. they learn. The mode is used for two purposes. Firdt, to obtain
esimates of the NAIRU in Euroland. Second, to understand how the Euro
economy responds to different types of shocks.
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1 Introduction

In this paper a medium sized econometric modd of the Euro-11 (or Eurozone/Euroland) economy is
congtructed. The motivation for this is to obtain a modd that can be used to conduct policy
smulations and obtain forecads for those eeven countries that will be the inaugurd members of
European Monetary Union. Underlying the congtruction of the modd has been the atempt to
incorporate into macro-modelling recent deveopments that have occurred dsewhere in
meacroeconomics. Three features of the modd are worth noting. Firdt, given the greater emphass
placed on the supply-side, we provide a consistent trestment by estimating a production function for
the Eurozone and including its implied margina products as cointegrating vectors (CVs) in the
dynamic earnings, employment and investment equations. Second, wage bargaining theories of the
type associated with Layard, Nickel and Jackman (1991) are included in the labour market
equations. Unobserved components models are then used to obtain estimates of the return from not
working (unemployment benefits etc.). Third, to overcome the apparently counterfactua dynamic
responses resulting from the assumption of rationd expectations, agents are assumed to learn, i.e. to
update their expectations each period (each of these techniques are discussed in more detail below).
Overdl, the addition of these features should result in a modd that is not only more theoreticaly
consstent, but dso in amodd that has improved dynamic properties relative to econometric models
that assume rationa expectations.

At the heart of the modd is an estimated Cobb-Douglas constant-returns-to-scale production
function. From this production function the margina products for labour and capitd are derived and
equated to their margina costs (the rea wage and the red renta rate of capitd regpectively) as
required by the standard neo-classicd theory of the firm. These equations are then used as the long-
run equilibrium relationships (CVs) in the dynamic earnings, employment and invesment equations.
Given the sze of econometric models, researchers typicaly proceed by estimating each equation
individualy and not as a system. One drawback from this approach is that usudly only asingle CV
enters into each equation. This is an arbitrary restriction and not one that can be judtified through
either economic or econometric theory. Our gpproach is instead to take a more genera modelling
drategy. Although each equetion is estimated individudly we dlow dl CVs from the production side
to enter into dl the dynamic equations & the initia “generdl” stage. Testing down procedures then
eiminate those CV's found to be insgnificant. Thus more than one equilibrium relationship may enter
into a single dynamic equation if their presence is not rgjected by the data. Thisidea 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 characterigtic of such systems. In brief, for a

set of nondationary varidbles let m cointegrating vectors exist, then the model may be written as,
DY, =q(L)DY,, +ab X, +e,

where gb’' X | is the sat of CVs with X=(Y,Z), and where the variables are partitioned into
endogenous (Y) and weskly exogenous variables (Z). CVs do not enter the dynamic equations for
the wesekly exogenous variables. The above equation is then the conditiond mode that has an
accompanying margina modd, which is not stated here. The adjustment matrix g isof dimenson n x
m but it is not typicaly diagond, each dynamic equation may include more than one CV.

The determinants of labour supply (and hence aggregate supply) within the modd are set out in
terms of a conventiond structural econometric modd enabling us to describe the main arguments in
the standard union-firm model of Layard et al. In their mode unions st the level of wages prevailing
in the economy and in return unions agree to dlow managers the right to set employment. To
determine the level of wages demanded, unions need to know the vaue (or return) from not
working. Thisis affected in part by the level of unemployment benefits. Data on the return from not
working in the Euro-11 gppears (as yet) unavailable and even if it was available, its interpretation
might not be dear given the disparate levels of benefit offered by nationd governments. To
overcome this an unobserved components modd (i.e. Kaman Filter) is used to obtain some
estimates of the return from not working. The advantage of this is twofold. First, estimates of the
nonaccderdting inflation rate of unemployment (NAIRU) can be obtained, an exercise that is
conducted below. Second, the effects of policies that target changes in labour supply measures can
be smulated and assessed. Our approach thus brings together structurd (i.e. the unionfirm moded)
and time-series models of the NAIRU.

The third innovative feature of this paper is the assumption that individuas update their expectations
each period (i.e. they learn), rather than smply assuming that agents have rationa expectations.
Introducing learning into econometric modds has potentidly large rewards. Unlikein smdl andyticd
models, the introduction of RE has changed the short-run policy responses of the larger modelsin
ways that are not totdly plausible. For ingtance, if the government announces that interest rateswill
increase by one per cent, exchange rates in large-scale modd s will typicaly jump by goproximatey
fifty per cent — a highly implausible result (Fisher et d., 1990). However RE does have big
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theoretical advantages since it assumes that agents use their information set optimdly, and it is the
dominant assumption in modern macroeconomics. Learning can potentidly maintain the long-run
advantages of RE (since learning has been shown to converge asympitaticaly to the RE solution

under rather genera conditions), while overcoming its poor short-run policy responsesin large-scae
modds. Expectations can enter these models in many aress, 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-looking open arbitrage exchange rate equation. The easiest way to introduce a shock
is through an exogenous price, usudly the world price of ail. In this pgper learning dso enters viathe
exchange rate equation, though the mode 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
sngle aggregate from the eeven individua series, and plots the behavior of the main series over the
pest fifteen to twenty years. The mode 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 describes the

results from some S mulation exercises. Section 7 concludes.

2 The Data

Methodological 1ssues

Aggregating data across countries is of course problematic. Movements in exchange rates rule out
smply adding up series across countries. Methods that use estimates of exchange retes that are
instead based on purchasing power parity (PPP) are dso unsatisfactory since PPP edtimates are
themsdves not uncontroversa and may be sample dependent. This means that before any
aggregation 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. aswith Paasche and Laspeyres indices) or time varying? There are four available choices. The
gpproach here is to use data that is aggregated across growth rates and where the weights are time
varying. Beyer e d (2000) have subsequently shown tha this approach is superior to other
methods. Their reasons are discussed below.

The weights atached to each individual country’s series are asumed to vary over time. This
gpproach was chosen since one mgor drawback with using fixed weights is that they fail to capture
any large changes to reative prices that may occur. With data from the Euro-11 there have clearly



been periods where large devauations and exchange rate movements have occurred. However,
aoplying varying weights to series in levds results in digtortions to the data following exchange rate
movements, distortions that can be shown to not occur if the aggregated datais in growthrates. For
these reasons the chosen method of aggregation was to use the series in growth rates with the
applied weights alowed 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 theweightsis asfollows.

+
Dy, =log Y, - logY,., » SYt ° DY“Y S

t-1 t-1

= DyyWiy.; + DyaWory
where A isthefirs difference operator, y isthelog of Y, and the weights i, for i = 1to 2 are
W.. = EyYy - Yy
1t
EltYlt + E2tY2t Ylt + EZtYZt / Elt

where E is the exchange rate wsed to convert the vaues into a common currency (a smilar formula
exigs for u,). Exchange rate movements then dter the magnitude of the weights attached to a
country’s series and can be expected to vary over time. However the magnitudes of any individud
series are computed from growth rates and are not affected by changes to exchange rates.

Euro-11 Data

Figures 1 to 3 plot the Euro-11 data for some key Euroland series. Figure 1 plots the annua change
in output (GDP), consumption (C) and business investment (1). The series display a strong degree of
procyclicdity with consumption in particular tracking changes to GDP. Throughout the 1980s the
Euro-11 economy exhibited steady growth without any of the booms/recessions that were observed
in theindividual countries. Aggregeting across the eleven economies has had the effect of evening out
these deviations from trend, implying that country specific cycles may have become less
synchronised. During the 1990s however the smoothness of the series becomes less prevaent 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 steedy growth is
again maintained. One lagt fact to note is the high volatility of the investment series. Huctuations in
investment are much more severe than for any of the other series documented, a fact that has been
well documented within individua countries.



Figure 2 plots the inflation (INF) rate, the unemploymert (UP) rate, and nomind long interest rates
(RLG). Over thisamost twenty year period unemployment has continued to increase. A brief period
of respite occurred towards the end of the 1980s but over the mid to late 1990s unemployment has
shown no tendency to fdl. Thisis particularly worrying given that this period 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 steadily over this period and appears to be wel under control. Inflation’s decline dso
explains the downward path of nomina long rates over this period.

Open economy series are plotted in Figure 3. Both exports (X) and imports (M) are characterised
by a series of short cycles, with their growth rates rarely faling below zero. During the late 1990s
both series showed strong growth with annua growth rates averaging about five per cent ayear. The
nomind 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 contragt to the early
1980s when the dollar was dominant (the US averages about thirty per cent of Euro-11 trade).
Recent fdls in the Euro are yet to show through given that the data ends in 1999 quarter one.

3 The M odel

From Layard et al. the standard labour market model comprises of a mode of the wage bargain
between unions and managers, and technology and product demand assumptions. In the mode
economy there are many firms (indexed by i) that are dl unionised. Unions are assumed to maximise
with respect to nomina wages a function that is the weighted average of the difference between the
nomind wage pad by firm i (W) and the expected red income of aworker who loses hisjob (A),
which can be thought of as the level of unemployment benefits, a trandtion function (S) that governs
the ease with which an unemployed person can find employment (and vice versa) and p;°, theith
firm’s expected profits that are themsalves determined by the amount of wages paid,

MaxW= (W, - A)° SW,)°p (W) (1)
Product demand is assumed to be a congtant eagticity demand function,
Y, = Pi—hYdi 2

where R isthered price of firm i’s output, Y is ademand shift variable and h is the price dadticity.
Without any loss of generdity, the production function for each firm is assumed to be Cobb-
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Douglas,
Y =N*KE® (©)
Snce dl firms are by assumption identica, we can deete the index i snce 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),
akey equation relating the amount of labour supplied to the aggregate wage can be obtained,
W = f(K/N,k,b,AU a) (4)

Nomind wages are a function of the firm's capitd - labour ratio, a measure of competitiveness k
=1-1/), the strength of union power (b), avariable (A) that captures everything that determinesthe
return from not working except unemployment, unemployment (U) itsdf and the degree of labour
intensity ). 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 capitd are,

,l-a

W aK o

— =ake—=+

p 0 P ©®
R K o

—=(1-a)kc—=

P (1-a) 8Ng (6)

Equations (4) - (6) are three long-run relationships that can be estimated and included as
cointegrating vectors in the dynamic eguations, where we alow for the possibility that these long-run
relationships may enter nore than one regression. Note that Layard et al. interchangegbly use (5) as
an employment or a price equation, in their mode it has both interpretations.

The empiricad implementation of the wage bargaining model can be problematic even in countries
where there are no data problems. what variables are to be used that can capture exactly the vaue
of the dternative to work (A)? For the Euro- 11 dataiit is even more difficult. Asfar aswe are avare
no data exists on aggregate vaues for such series as unemployment bendfits, and even if they did
ther 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
anayse the response d the economy to changesin 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) modd to obtain an estimate of this variadble. UC models are being
increasingly used for estimating models of the NAIRU over the business cycle (see Richardson et al
(2000), Laubach (1999) and Orlandi and Pichelmann (2000) for NAIRU models, and Artis and
7



Zhang (1999) for an gpplication to business cycles). For our purposes such pure time—series models
have consderable drawbacks. Although they treet the NAIRU as time varying, they do not endble
us to atribute these variations to changes in labour supply variables for example. Little guidance can
then be offered on the pdicy implications of the persstently high levels of unemployment in Europe,
or indeed its sources. For this a tructural model is needed.

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

Dp =g(L)(U., - uy) ©

where for smplicity lags are ignored, and wherep is the deviation of inflation from its expected rate,
and U the (unobserved) NAIRU (note that Laubach’s Phillips Curve specification actudly uses
other lagged supply-side variables such as the nomind exchange rate and commodity prices o it is
not entirely devoid of structure). Laubach estimates the NAIRU as a UC modd assuming that the
NAIRU follows a random wak with drift,

n — n
ut - ut-l +”1.1+nt

m=m, +V,

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

to be mean reverting).

Our method combines both structura and time-series techniques so goes some way to overcoming
the problems noted in the other sudies. In turn, we adopt a (partia) time series approach because
of a mgor problem in trying to edimate 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 trandtion probability and dternative wage. That is, gpart from
unemployment, other variables that affect the wage out of work (A) and the relative strength of
unions(p) are unobtainable.

Our approach to resolving this problemis to use an unobserved components modd for that part of

the wage modd which represents the “union” part of the Nash bargain given by equation (1).
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Implicitly the “firm” part of the equation (i.e. the p(.) term) is taken to be the margina productivity
condition — asit isin most gpplications. What remains after this, measurable, component is partidled
out is then treated as due to the union side of the bargain (and which we loosdly refer to as labour
supply factors).

More formaly we can write the UC mode as the dynamic nomina wage equation,
DInW, - DInW,_, =a,+a,(InW,_,- InP_ - InF.,)

. . e~ N(OW,
+a,(nW,_,- NP +aU,, - a,A_,) +dynamics+e,, o~ N(OW,) (8)

where a1, a» ae negative, a3 is podtive and F isthe margind product of employment. Thisisan
equation that includes both the dynamics and labour demand terns (such as the standard neo-
dasscd margind product of labour/rea wage equdity). We can then condition on these terms to
esimate the unobserved union/labour supply term (A). To put this modd 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 Kaman Filter form. We assume that the A processis,

A=A +ST +ey; ey~ N(0,Qy) ©)

ST, =ST,; +€y; e,~ N(0,Qy) (10)

Equations (8) — (10) are then estimated by the Kaman Filter where (8) is the measurement
equation, and (9) and (10) the state equations. In these latter equations a dightly more generd
gpproach has been taken that dlows 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 wak with a stochaegtic trend (ST). The
moativation for the incluson of a stochedtic trend in the union/labour supply processisto capture the
perceived upward trend in the value of the dternaives to work, matching the upward trend in
nomina wages over time.

Although egtimation is by sngle equation methods we alow for the posshility that each dynamic
equaion may contain more than one long-run cointegrating relaionship. The sat of dynamic
equations for nomina wages, prices, employment and capita take the following generd form,
O (L)DW, =0, (L)DR., +a,, (Fy.y - Wo, /R) +a, W, /R, +a U, - AL) (1)

q21(L)DPt :qZZ(L)DVVt-l +a21(Fr\In-1 - VVt-1/R-1) (12)
q31(L)DNt :qsz(L)D(W-ll F?-1)"'3-31(Frxln-1' W-ll Ft)l) ta, (Yt-l - f(Nt-li Ktl)) (13)
Q41(L)DKt :q42(L)Drt-1 +a43(F};t—l_ rt-l) (14)



The find term in (11) is the empiricad implementation of the long-run wage equation (5) where U is
unemployment and A is the return from not working, esimated by the UC mode. The other
equation to note is the employment equation (13), where both the margina product condition (6)
and aterm capturing the difference between actua GDP and the level of GDP determined by supply
factors (i.e. the production function) enter. The incluson 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-dasscd demand function. At the same time there are other firms that are output
congrained and this fina term g32() captures this by assuming that they meet their output target by
varying their [abour input, given their capital stock.

Clearly other items are required to complete and close the model but since the rest of the modd is
graightforward it can be summarised briefly. The long run levels part of consumption alows for the
familiar theoretica consderations. Consumption is assumed to be a function of income, net wedth
(NW), and the long-term red interest rate (RLG-INF), dl expressed in red terms. Homogeneity is
adso imposed on the leve of red income so tha explosve behaviour for consumption as the
economy expandsisruled out,

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

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

R =f(N,W.Y,,PM,) (16)

Import prices have been included to capture price changes for those goods imported 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 wdl as the prices of goods from outside this
area. To overcome this a separate equation for import prices was estimated explicitly alowing for
the possibility that the import price measure may incorporate domestic prices.

PM, = f(R,WR,) (17)

Over the long-run import prices are assumed to be a function of a competitiveness measure (here
world prices, WP) and domestic prices. Incorporating domestic prices should directly correct for
the presence of intra-traded goods in the import price measure.
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Open economy effects are captured by the import (M) and export (X) regressions. Both equations
contain a price and a quantity variable. The chosen price varigble, or measure of competitiveness, is
rdaive wage coss (WCR). Vaiations in quantities are captured by tota find 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 aso have atechnicd rdation for the consumer price (P.) linking it to the produce price (P) in

(5),
DP, = DR, (20)

In aggregate a resource congraint binds,

GDR =C, +1, +GC, + X, - M, (21)
where | is busness investment and government consumption (GC) is assumed to be exogenous.
Equation (14) describes the evolution of the capita stock with investment changing over time in the
usua manner,

I, =K, - @- d)K,, (22)

Findly, we can note the policy rules used. The monetary rule adjusts the nomind interest rate such
that deviations of inflation fromits target rate are minimised (using the conventiona proportiond,
integrd, differentid (PID) formula). Fisca rules (again usng a PID form) adjust tax rates such that
the government’s budget congraint is met, where for the moment government spending is assumed
€x0genous.

4 Estimation results

Results from estimating each of the equations are given in the gppendix. The production function was
cdibrated such that the share of capitd in output was 0.36, the vaue typicdly chosen in the business
cyde literature (e.g. Kydland and Prescott, 1982). Congtant returns to scale was aso assumed.
From these equations it is straightforward to obtain estimates of the margind products of capita and
[abour.
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In the long-run consumption function wedlth effects ae reasonably strong. A one per cent increase
in the ratio of red net wedth to red persond disposable income leads to a rise in consumption of
0.13 per cent. Long-term red interest rates aso enter the CV for consumption though its effects are
not particularly large. The hypothess of homogeneity in consumption and income could not be
regected. Underlying the estimation process was the decision to obtain results that are parsmonious
and that have good dynamic properties. The dynamic consumption equation typifies this. Dynamics
enter soldly from the change in red persond disposable income (lagged one quarter). Lagged terms
in consumption, income, inflation and red interest rates were dso included at the initid first stage but
their tdatigics were ether very low or entered with the incorrect sign. The estimated dynamic
investment equation contains lagged dynamic terms in both GDP and invesment. Its CV is the
difference between the red interest rate (used to proxy capita’s margind cost) and the margina
product of capitd. If the interest rate is above capitd’ s margind product, investment fals so that the
capital stock can return to its long-run leve.

The dynamic employment equation contains two longrun reationships. One is the difference
between actual output and the level of output that can currently be produced by supply- constrained
firms. This term enters with a coefficient of 0.13. The second CV is the difference between the redl
wage (labour's marginad cost) and the margina product of labour. If labour’s margina product is
above its margind cost then the level of employment increases since firms seek to employ more
workers. The coefficient on this term is 0.02. Dynamics enter via two lagged changes in
employment. The earnings equation dso 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 barganing modd. Unions choose the wage dependent upon the leve of
unemployment (a proxy for the probability that workers may lose their job if the chosen wageistoo
high) and the return from not working (A). The series for A was obtained by a Kaman Filter
estimation process with A assumed to be an unobserved varigble. Also included in the Kalman Filter
was the leve of unemployment and the real wage. The residuds from this regresson then enter the
dynamic wage equation. Interpretation of the coefficients isn't straightforward. For instance, the
coefficient on the lagged unemployment term is -0.02, which seems smdl but smulation exercises
suggest that this has a strong effect on the smulation properties of the model.
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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 dynamic 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 equa weight.

The finad 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 costsis 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 totd fina expenditure 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 areturn 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 adescription of the econometric results.

5 Estimating the NAIRU In the Euro-11

In this section the modd is used to dotain two estimates of the NAIRU. The first estimate is perhaps
more gppropriately termed the NAWRU, since it is earnings inflation thet is being targeted and not
price inflation. The estimate is obtained by asking what the unemployment rate should be to st the
current period’s wage inflation rate equa to the previous period's rate. The mechanics of this
exerdse Imply involve inverting the earnings equation. A plot of the resulting estimate is shown in
Figure 4. From these figures it appears that the dort-run NAWRU closdly tracks the actua
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 actua unemployment rate.
This occurs a atime when the inflation rate was seedily fdling.

Figure 5 plots a long-run verson of the NAIRU. This series was obtained by asking what level of
unemployment would be necessary for the price level to be equa to the long-run leve of prices
implied by the cointegrating vector in the price equation. Based on these figures and in contragt to
the short-run NAWRU egtimates, the NAIRU has proved remarkably invariant given the changes
that have occurred in the Eurozone over this period. From 1993 the NAIRU begins to gradudly rise
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as the actud unemployment rate increases 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
esimates for the NAIRU are rdatively invariant over time. However these results are not unusual.
Laubach used a Kaman Filter to estimate NAIRU' s for the G7 and aso found his estimates to be
gpproximately constant for each of the countries”.

6 Simulation Exercises

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

A Temporary Shock to Government Consumption

For this shock governmert consumption is increased by 5% over the period 1987Q1 to 1990Q1
(results are presented in Figures 69). Figure 6 plots the responses of GDP, consumption and

investment. Since government consumption is a component of GDP from the resource condraint,
GDRP is higher for the durdion of the increase in GC. Consumption, which is a function of red

disposable income, rises gradudly following GDP s increase. Surprisingly there is little effect upon
investment. By the end of the sample period investment beginsto rise asinterest ratesfdl (see Figure
7) following the decreases in output. Inflation too is unchanged following the shock but
unemployment fdls during the period of the increased expenditure before beginning a sustained
period of recovery. Pogtively correlated with the decline in GDP is the depreciation of the nominad
effective exchange rate (RX), plotted in Figure 8. Occurring with the depreciation is a decline in
imports, though the change in exportsis much smdler.

Expectations enter into the mode viaan open arbitrage equation requiring the differencein the levels
of red interest rates between two countries to be equa to the expected change in the red exchange
rate. Under rationa expectations the expected exchange rate next period would be equd to the
actua 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 exchange rate rule can be a function of
any of the other variables, though for the puposes of modeling a parsmonious specification is

Y1t may be that our specification of the dynamic wage equation (8) is responsible for the constancy of the
NAIRU. The return from not working (A) is modelled as a Kalman Filter process and it may be that any

movementsin the NAIRU are being captured by this variable.
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usudly chosen. Each period, as new information becomes available, agents update the rule as they
learn which variables are rlevant for forecasting the exchange rate and which variables are not.
Marcet and Sargent (1989) have shown that so long as the learning 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.

In our model the expected red effective exchange rate (between Euroland and the rest of the world)
is assumed to be alinear function of lagged nomind effective exchange rates. Figure 9 plots how the
learning parameters evolve over time, with al being the congtant and a2 the coefficient on lagged
exchange rates. One would expect these parameters to converge over time as the exchange rate
converges asymptoticaly onto the rationa expectations solution dthough here, ten years &fter 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 dso lags for the period 1987Q1 to 1990Q1. Given the
bargaining framework, any decrease in unemployment benefits results in a fdl in the wage paid by
firms, and demanded by unions, since there is a lower return available esewhere in the economy.
Figure 10 indicates that GDP, consumption and investment are al higher than prior to the decrease
in benefits. The amount of labour supplied increases in this economy as the wage fals resulting in
higher GDP, consumption and invesment. Inflation (a function of unit wage costs) rises dong with
the red long rate. Unemployment fdls as the amount of labour supplied in the economy is raised.
Nomind exchange rates gppreciate for the five years following the shock with imports rising as their
price has fdlen (following a short lag). Exports are again unresponsive to these exchange rate
movements. The learning parameters al and a2 show a higher degree of convergence following this
shock and appear well on their way to converging.

7 Conclusion

This paper has estimated a medium-szed mode 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. Second, a general form for each equation was specified so that nmore

15



than one longrun relationship could enter into each dynamic regresson. Third, the modd was
simulated under the assumption that agents learn. The modd was then used for two purposes. Firdt,
to estimate the levd of the NAIRU in the Euro-11 area. Two measures were constructed: one short
run and one long run measure. The shortrun measure was found to closdy track actua
unemployment over the sample period. In contrast the long-run measure of the NAIRU was
relatively stable a 9 per cent, though there was some evidence to suggest that it may be beginning to
fal. 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 e simulants to GDP and other key series for the fird five years a least before the effect of
higher red interest rates began to feed in. In future work, we intend to extend the modd’ s database
by approximately fifty years so that questions concerning the stability of the model can be addressed
and experiments conducted where the duration of the shock (policy change) is much longer.
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Appendix: Estimation Results
Production
y, =0.36k, +(1- 0.36)n, + dummies

0]

where lower case |etters denote logs. From (i) the margina products of capital (MPK) and labour
(MPL) are next derived which in turn are sat equal to the red renta rate of capitd and red wage

respectively.

Consumption

ECMG, =c, - y, +0.08- 0.14(nw - y,) +0.002(RLG, - INF,) +dummies +e,

Dc, = 0.004+ 0.24 Drpdi,_, - (()2814% ECMC, +dummies +e,

(515)

RP=0.86; 6=0.003; +(4)s=2.84; +(2),=1.51; +(1),,=0.48;

Investment
ECMK, =RLG, - INF, - MPK, +0.26

Di, =0.006+ 0.37(Dy, , - Dy, ,)+0.22Di,_, - 0.03ECMK,_, + dummies+e,

(247)  (145) L.70) (233

R=0.42; 6=0.014; +(4)sc=3.59; +(2),=0.26; +(1),,=2.03;

Employment
ECMW, =w, - p, +5.06- mpl,

ECMY, =y, - 0.36k, - (L- 0.36)n, - dummies

i.e. the difference between actua output and supply constrained output.
Dn, =0.0005+0.19Dn, , +0.45Dn,_,

162 (1.99 (4.85)
+0. - 0. + ies+
0(21153’)3 ecmy, , O( l02(6))2 ecmw,_, + dummies + e,

R=0.48; 6=0.003; +(4)sc=7.53; +(2),=1.86; +(1),=0.51;

Eamnings
Der, =- 0.74+1.266 A, - 0.38ecmw,_, - 0.56(er, , - p,.;)

(115) (652 (9.29

-0.02UR_; + dummies+ ¢,
(12.27)

R?=0.94; 6=0.011; +(4)sc=7.49; +(1),=0.80;
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Prices
ECMR =p, - 0.06- 0.82(n, +er, - y,)- (1- 0.82)* pm )

Dp, - Dp,., =0.003- 0.2ecm , +e, (x)

(2.06)

Re=0.79; 6=0.003; +(4)s-=2.49; +(2)=0.20; +(1),,=0.68;

Dpm, =- 0.67+ 0.49 p, +0.51wp, + dummies+e, (xii)

(852) (9.1 (913

R2=0.92; 6=0.04; +(4)sc=4.90; +(2)y=0.98; +(1),=0.04;

Exports
ECMX, = x, - wt, - 3.16+ 0.39wcr, + dummies (i)
Dx, = %9%'* 0(227451;)4 4Dx, , - (()2.':5L5$)99ecmx[_1 +dummies +e, (xiv)

R?=0.43; 6=0.01; +(4) 5c=5.80; +(2),=1.20; +(1),=0.49;

Imports
ECMM, =m, - tfe, +4.96- 0.64wcr, + dummies (xv)

wheretfeistota final expenditure (GDP+M)
Dm, =0.005+0.14Dm_, +0.26Dm,_, +0.18 Dm_, - 0.18ecmm,_, + dummies+e, (xvi)

(235 (122 (249 172 (1.00)

R=0.36; 6=0.01; +(4)sc=2.99; +(2=2.25; +(1)4=1.20;

Note

0 isthe standard error of the regression.

+(4)sc isthe LM test for serid correlation with a Chi-squared digtribution with 4 d.of.
+(2)y isthe LM test for normdity with a Chi- squared distribution and 2 d.o.f.

+(1), isthe LM test for heteroscedadticity with a Chi-squared distribution and 1 d.o.f.
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Figures
Figures 1-3: Key economic aggregates for the Euro—11 economy, 1981Q1 to 1999Q1.
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Figure4: The Short-Run NAIRU for the Euro-11.
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Figure 5: The Long-Run NAIRU for the Euro-11.
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Simulation Results

Figures 6-8: Temporary (1987Q1-1990Q1) Shock to Government Consumption
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Figure 9: Learning Parameters Following a Government Shock
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Figures 10-12: Temporary Shock (1987Q1-1990Q1) to the Labour Supply.
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Figure 13: Learning Parameters Following a Shock to the Labour Supply
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