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Abstract

The paper focuses on the measurement of the NAIRU (Non-Accelerating-Inflation-Rate-
of-Unemployment) for the euro area and assesses the usefulness of different
methodologies developed in the literature to estimate this unobservable variable at the
aggregate level.

After reviewing the theoretical framework underlying the most common estimation
approaches, it presents several estimates of the area-wide NAIRU based on a number of
direct (or statistical) techniques. The latter range from simple univariate filtering
approaches to more complex multivariate methods based on Phillips curve relationships.
The different estimates of the aggregate NAIRU appear to be consistent and robust with
respect to alternative specifications, methodologies and choice of the inflation indicator.
They also show significant inflation forecasting ability and are able to produce sensible
measures of the output gap, therefore providing some ground to argue that unemployment
and the unemployment gap may be a useful variable to analyse short-term economic

developments at the euro area level.

JEL Classification System: E24, E31, C14, C22.
Keywords: NAIRU, Phillips curve, Kalman filter.
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1 Introduction

This paper presents a preliminary attempt at measuring the NAIRU (Non-Accelerating-
Inflation-Rate-of-Unemployment) in the euro area and assessing the usefulness of
different methodologies developed in the literature to estimate this unobservable variable
at the whole area level. In the context of the models analysed, the gap between current
unemployment and the NAIRU summarises the extent to which inflationary and
disinflationary pressures exist in the labour market. A reliable measure of the area wide
NAIRU may hence potentially serve as an indicator, among many others, for evaluating

the outlook for future inflation developments in the economy.

The NAIRU is often identified in the literature with the concept of “natural” or structural
unemployment, that is, the component of the unemployment rate that is ultimately pinned
down by the structural, institutional and behavioural characteristics of the economy and
does not depend on cyclical factors. However, although the two notions might be difficult
to disentangle empirically, they need not necessarily coincide in the short run. The
unemployment rate consistent with stable inflation might in fact deviate temporarily from
its long-run structural level, especially when shocks have highly persistent effects on the

labour market.'

Drawing on this conceptual distinction, this paper does not attempt to investigate, at the
aggregate level, the structural factors underlying and driving the performance of the euro

area labour market. This would be a daunting task, given the cross-country differences in

the institutional characteristics, the specificity of the shocks that affect them and the
general unavailability of structural information at the euro area level. Rather, this work
focuses explicitly on the methodological issue of the potential usefulness of aggregate
NAIRU measures obtained with different empirical techniques based on time series
analysis. In particular, the techniques considered here are those which are often labelled
in the literature as “direct” methods for the computation of the NAIRU. Within this
framework, the focus is mainly on methods based on the information provided by Phillips

curve-type relationships between unemployment and inflation.

A notable feature of this paper is that it adopts an euro area-wide approach embedding the
estimation of the NAIRU in a set of equations, which treat the euro area as a single

economy. For the “direct” methods considered in this paper, it is essentially an empirical

' Actual unemployment could drop below the NAIRU and inflation accelerate even if unemployment

remains above its structural value. The slowness of the NAIRU in returning to its structural level is often
described in the literature as “speed limit effect”. See Estrella and Mishkin (1998).
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issue as to whether a country-specific or an area-wide approach would be most useful for
estimating inflationary pressures arising from the labour market in the area, since such
methods are basically statistical. A priori arguments can be made either way: differences
in economic structure and potential non-linearities in national Phillips curves would
suggest aggregating country-based estimates. On the other hand, the Phillips curve is
certainly a more relevant concept in a large closed economy such as the euro area as a
whole. The area-wide approach has a number of advantages including simplicity, directly
addressing the issue of interest and contributing to focusing discussion on euro area,
rather than country specific factors. Moreover, it allows overcoming the difficulties of
examining and comparing country-specific institutional factors and the problems related
to estimating the NAIRU in small open economies. However, it is certainly the case that
member countries’ unemployment rates differ by a wide margin, as figure 1.1 clearly

depicts.?

Figure 1.1. Unemployment rates in the Euro area

Uncemployment rate
(pereent)

The figure collects data for the four largest countries of the area, which form a significant
share of the area unemployment. The very different unemployment stories that can be told
at the country level, and the role that institutional factors may be playing in these stories,
suggests that the results of the area-wide approach may be affected by aggregation biases.
The extent to which this is the case can only be established by carrying out the analysis

both at the country-specific and at the area-wide level and compare the results, a field that

2 The data reported in the figure are from the ECB area-wide model database. For details, see Fagan, Henry

and Mestre (2000).
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offers scope for further research but will not be pursued in the current paper. In the
meantime, it is necessary to be cautious when trying to extract lessons from an aggregate

analysis.

The paper is organised as follows. Section 2 briefly recalls the theoretical framework
underlying the most commonly adopted approaches to estimate the NAIRU, within the
class of “direct” or statistical methods. Section 3 provides an overview and discussion of
such modelling approaches. Section 4 derives some preliminary aggregate estimates for
the euro area, based both on models in which the NAIRU is treated as a constant and on
models in which it is allowed to change over the sample period. The analysis focuses
primarily on the robustness and precision of such estimates with respect to alternative
model specifications. Section 5 is devoted to the description and empirical
implementation of a Kalman filter approach to derive a time varying NAIRU. Section 6
provides an assessment of the empirical relevance of the NAIRU estimates based, on one
hand, on the out-of-sample inflation forecasting performance of the unemployment rate
and the unemployment gap and, on the other hand, on the use of the derived NAIRU

measures for the computation of output gaps. Conclusions are presented in Section 7.

2 Factors playing a role in the determination of the NAIRU

Overall underlying framework

The Phillips curve underlying our attempt at computing an area-wide measure of the
NAIRU based on a multivariate framework can be thought of as arising from a wage-price
system describing the behaviour of ‘firms’ and ‘workers’. The basic, general properties
assumed to hold in the interaction of the two types of agents lead to a set of equations
with precisely defined long-run and short-run properties. In the long run, a nominal static
(first-order) homogeneity condition is assumed to hold, a property by which equilibrium
values can be expressed in terms of relative prices. Another assumption is further made,
namely nominal dynamic (second-order) homogeneity, by which equilibrium conditions
are independent from nominal factors and thus do not depend on the final level of

inflation. The first condition can be described by (2.1):

DPss = Hgs T Wsg — s (2.1)

where pj;s is the price level, wg the nominal wage rate, gy labour productivity and g the

mark-up of prices over labour costs. According to this expression, in the steady state (ss)
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the price level pg is equal to the labour cost wg - g plus a term measuring the gap
between the two, hence ensuring that prices and costs grow in steady state at the same
pace. The /evel of the resulting real wage depends on labour productivity, assumed to be
driven by technology factors, and the particular value taken by i which is determined

by factors not explicitly included in the equation.

Within this context, an assumption maintained throughout this work is that z does not
depend on nominal factors, making the system independent from nominal variables in the
long run. As a consequence, the steady-state real wage does not depend on nominal
factors, although some short-run effects may be present due to, e.g., market imperfections.
A consequence of this fact is that inflation and unemployment are only linked in the short
term. Another important consequence is that such links can be analysed using different
measures of inflation, such as price inflation (using alternative measures of the price
level), unit labour costs or nominal wage inflation. In equilibrium all these variables must
grow at the same pace and therefore represent interchangeable measures of inflation.’ In
this paper, some empirical exercises will also be based on price-wage equations, i.e.
equations implicitly measuring the real wage not corrected for labour augmenting
technology growth. Although, as already stated, this relative price will be assumed
independent in the long run from nominal factors, price-wage equations may prove a
necessary tool for the short-term analysis of the impact of changes in unemployment on

general economic conditions.

Dynamic elements

Dynamic components of the above curve (2.1) are an essential element of the analysis, but
are less grounded on theoretical terms. Probably the most widespread dynamic conceptual
framework is Gordon’s triangle model (see Gordon, 1982), an application of which is
presented below. More elaborate versions of Gordon’s approach have been derived, some
based on microeconomic foundations (see Goodfriend and King, 1997 for a good
overview). The approach initiates in a framework related to (2.1), in which inflation is
linked to supply-side factors and some zero-mean measure of demand pressures, as
expressed by (2.2). This expression is no longer a representation of the steady state, but a
factual representation of the time-path followed by inflation at each point in time. Hence,

p. is the actual price level observed at time ¢, while x,* is a measure of the steady state in

Except nominal wage, which also grows with labour productivity. Precisely because of this feature
estimation of Phillips curves based on nominal wages are less common than alternative specifications,
notwithstanding the initial thread by A.W. Phillips.
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(2.1), and thus (x, - x,*) is a measure of deviations from the steady state. (The variable z,

collects additional information the analyst may find relevant, mainly supply-side factors.)

AN p, =1z, + @(L)(x, —x, )+ g (2.2)

There is a one-to-one link between (2.1) and (2.2), but its derivation is left for Annex A.
Focusing on the expression itself, there are two elements to highlight: the presence of
inflation in first differences, and that of a term x measuring deviations from a long-run
(starred) value. The first factor (i.e., the presence of A’p,) stems from the lack of long-
term effects of nominal variables on real ones, which translates into an inflation process
that only depends on nominal factors in the long run. In particular, inflation expectations
are assumed to be based only on nominal variables. This means that equation (2.2), which
has only real variables on the right-hand side, cannot be used to pin down these
expectations and therefore inflation must enter in difference form.* The second factor
stems from the presence of long-run equilibrium values (embodied in the generic variable
x*) that are independent from nominal factors, as was the case in (2.1). Such long-run
values can be pinned down by real unit labour costs, potential output, the NAIRU, or a
mix of them. The focus in the present paper will be on the NAIRU (i.e., x  is in our

notation ), but the inclusion of other measures will be occasionally necessary.®

A related issue is whether to model levels or first differences of inflation. Traditionally—
and we will stick to the convention—a Phillips curve is understood to model first
differences of the data, while what has been termed in the literature as ‘wage curve’
models levels. This distinction is up to a point artificial, but has been enshrined very
particularly after the publication of Blanchflower and Oswald’s book (see Blanchflower
and Oswald, 1994; see also Roberts, 1997 and Whelan, 1997 for a discussion on the
relevance of the subject). Following Gordon (1998) we will include level terms among the
additional components generally labelled in (2.2) as variable z, in the form of real unit

labour costs after deducting the mean.

Other variables

Last but not least, other variables may have a bearing on the NAIRU. Most authors have

considered what they term as supply-side variables, which may capture shocks of a

4 Obviously, agents might use (2.2) to set more precisely inflation expectations a limited number of periods

ahead, but they would look elsewhere to pin down expectations at a longer horizon.

> More precisely, real unit labour costs are an important element in some of the specifications.
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different nature than those normally associated with a Phillips-type relationship. The set
of potential candidates for the euro area is relatively scarce: although some factors or
events have had an important impact on inflation in some member countries, it is difficult
to find one global enough to warrant its inclusion at the area level. As variables
potentially important, foreign prices in various forms will be retained, as some forms of
taxation (i.e., direct taxes, social security contributions and their sum). The latter have
been found to be not relevant on empirical grounds, and they have been dropped from the

models presented.

3 “Direct” methods for estimating the NAIRU: methodological background

The NAIRU is not directly observable and therefore it has to be inferred from the analysis
of observable variables related to its definition. The empirical methods adopted in the
literature to address this problem can be grouped into two broad categories: the structural
approach and the one often labelled as “direct”. In the former, the NAIRU is computed as
the equilibrium outcome of a structural model representing aggregate price and wage
behaviour (see Layard et al, 1991; Morgan and Mourougane, 1999).° In the latter, NAIRU
measures are derived on the basis of the time series analysis of unemployment and, in
multivariate contexts, inflation and other relevant variables. Direct methods are generally
easier to implement than structural ones, since they do not attempt at detailed
specification and analysis of the underlying behaviour of economic agents.” They can in
principle provide useful tools for deriving predictions of inflationary pressures,
developing measures of uncertainty surrounding the NAIRU estimates, investigating the
presence of persistence/hysteresis effects in unemployment dynamics, testing whether

such effects are symmetrical.

This section focuses on the main methodological features of this approach, with the aim
of building a general framework in which to cast the numerous models developed in the

literature, underline their advantages, drawbacks and implications.

Univariate methods

Univariate methods focus uniquely on the unemployment rate time series and decompose

it into a trend component, identified as the NAIRU, and a residual (cyclical) component.

This type of analysis is not dealt with in the present work and it is left as a subject for later investigation.
This aspect is particularly relevant in contexts where the structural and institutional characteristics of the
labour market are not well identifiable, as is the case of the euro area.
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The idea behind such a strategy is that unemployment fluctuates around the NAIRU, i.e.
there exist balancing forces in the economy that enable the labour market to reach an
equilibrium in the long run. The identification of the two components can be based either
on filtering techniques, among which the most widely used are the Hodrick-Prescott (HP)
and the Baxter-King filters®, or on statistical methods, such as the unobserved component
(UC) model developed by Watson (1986) or the one proposed by Beveridge and Nelson
(1981).

Although quite easy to implement and useful for obtaining updated measures, the
univariate approach has a few drawbacks. The most relevant is that it is “atheoretical”, in
the sense that it leaves the interaction between unemployment and other economic
variables completely indeterminate. In particular, it does not take into account inflation
dynamics; hence there is no guarantee that the results provide a measure of the underlying
NAIRU, which is useful in the context of explaining the behaviour of inflation. Moreover,
results are extremely sensitive to arbitrary choices concerning, for example, the
smoothing parameter in the case of the HP filter or the restrictions imposed on the time
profile of the trend component in the case of the UC model. Last but not least, most of
these filters are affected by lack of precision of end-of-sample estimates of the

unobserved variable.

Multivariate methods

The information provided by the inflationary process (and possibly also other variables)
proves empirically quite helpful in order to get a less arbitrary decomposition of
unemployment into the NAIRU and the cyclical component. The natural rate theory
postulates a causal relationship between inflation and the tightness of the labour market,

which can be expressed as a generalised expectation augmented Phillips curve:

Ap, = Apf = C(LY(Ap,_; — ApL. ) +O(LYu, —u, ) + 1z, + &, (3.1)

where Ap is the inflation rate, Ap® expected inflation, # the unemployment rate, u* the
NAIRU, C(L) and (L) polynomials in the lag operator, z a vector of factors (usually
supply shocks) influencing inflation other than the disequilibrium in the labour market
and ¢ is iid with mean zero and variance ¢*,. The lagged dependent variable included in
the right-hand side of the equation captures that part of inflation dynamics due to inertial

effects.

8 See Baxter and King (1995).
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The estimation of (3.1) requires a series of inflationary expectations, which is not model-
endogenous and hence entails a certain degree of arbitrariness. One of the most common
formulations is the random walk model: Ap, = Ap, , . The underlying idea is that inflation
is a highly persistent phenomenon, for which it is generally quite hard to reject the unit
root hypothesis. Alternative specifications for expected inflation, however, are found in
the literature. They include recursive autoregressive forecasts, obtained from the recursive

estimation of a model of the form Ap; =8+ D(L)Ap, ,, or the use of data from surveys

(Staiger et al, 1996; Fabiani et al, 1997).

The backward-looking hypothesis for inflationary expectations allows rewriting the

Phillips curve as:

A(L)Ap, =O(L)u, —u, )+ 1z, + &, (3.2)

where the lagged values of the dependent variable capture both inertial effects related to
the speed of price adjustment and expectation formation. If 4(1) equals unity there is a
“natural rate” of unemployment consistent with a non increasing rate of inflation.’ In that
case, a further difference of variable p can be taken in (3.2). Price dynamics depend on
both the level and change of the unemployment gap. Level effects are captured by ®(1),
while change effects by the individual coefficients themselves. The latter are generally
found to be quite significant in most empirical implementations of the Phillips curve,
providing support to what in the literature is defined as persistence or, as a limit case,
“hysteresis” effects. In both cases the pattern of unemployment itself has long lasting
effects on the natural rate.'” However, while persistence is consistent with a long-run
equilibrium towards which the NAIRU, affected by shocks, tends to converge more or
less slowly, pure hysteresis implies that a long-run value for the NAIRU cannot be
identified. In this case the unemployment gap enters the Phillips curve only in first
differences and not in levels. In terms of the time series properties of observed

unemployment, this entails the presence of a unit root in the process."

Indeed, the acronym NAIRU, for non-accelerating-inflation-rate-of-unemployment, implies too many
derivatives. Its correct version would be NIIRU. Clearly, this comment only holds for a specification with
no explicit expectations term in z,.

Most explanations for mechanisms that might induce such effects focus on the behaviour of labour market
participants, the changes in their productive capacity caused by unemployment, the matching process
between workers and jobs and the resulting consequences for wage bargaining (Lindbeck and Snower,
1988; Blanchard and Summers, 1986).

It is difficult to determine, within the analytical framework of equation (3.2), whether the presence of a
unit root in unemployment is due to true hysteresis or to the fact that the equilibrium rate itself is non
stationary due to some structural changes. In other words, the conventional definition of hysteresis fails to
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Before turning to a description of the various methodologies available in order to estimate

the NAIRU on the basis of the Phillips curve, it is worth outlining some general, and often

controversial, issues which have been addressed in the literature on the subject.

The Phillips curve can be specified in terms of wage rather than price dynamics. As
Gordon (1998) points out, the (constant or time varying) NAIRU estimates obtained
with the two alternative specifications can differ quite significantly from each other."
Further, the NAIRU estimates are sensitive to the price indices chosen to measure
inflation.” This fact, which could be taken as implying the non-existence of the
concept, probably originates in the imprecise nature of any estimate of the NAIRU. In
this sense, presenting alternative estimates is helpful: either all measures look alike
and the robustness of the exercise is enhanced, or they differ significantly and the
exercise is flawed."

The right-hand side variables of the Phillips curve can enter either as lagged or as
contemporaneous values. In Staiger et al (1996) the variables included in the vector z
are allowed to enter contemporaneously; in Gordon (1996) unemployment enters
contemporaneously.

Different specifications of the Phillips curve lead in general to different point
estimates of the level of the NAIRU and different confidence intervals around such
estimates. The precision of the NAIRU time series is found to depend on a number of
factors, such as the size of the high frequency variation of the NAIRU, the inclusion
of a drift in the random walk process representing it and the specific form chosen to
model such a drift.

The choice and specification (e.g. the lag structure) of the variables included in the
vector z are relevant for correctly estimating the relationship between unemployment
and inflation. If such factors are well specified, the resulting measure of the NAIRU

is consistent with stable inflation in their absence. As Gordon (1996) argues, a

take into account the possibility that some large shocks change the parameters of the Phillips curve.
Bianchi and Zoega (1998) adopt a Markov switching regression model to identify the dates of infrequent
changes in the mean of the unemployment time series and show that in most European countries
unemployment persistence is much reduced once the changing mean rate is taken into account. This means
that persistently high unemployment is explained not just by slow adjustment towards a constant natural
rate but rather by a higher value of the natural rate. The shifting mean value specification for equilibrium
unemployment is compatible with models that predict changes in the natural rate driven by structural
factors.

While Gordon’s result is empirically true, it cannot be true in reality. Suppose that the unemployment rate
was at the CPI-NAIRU, then CPI inflation would be non-accelerating. However, if this was not equal to
PPI-NAIRU then PPI inflation would be accelerating or decelerating indefinitely and the gap between the
two indices (and even the two inflation rates) would be exploding.

Staiger et al (1996).

Alternatively, the NAIRUs for the different price indices could be estimated jointly subject to the equality
restriction.
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Phillips curve that does not include any variable as a proxy for the influence of supply
factors might create an omitted variable problem, producing unreliable predictions.

e The relationship between inflation and the tightness of the labour market might be
asymmetrical, in the sense that excess demand conditions might be more inflationary
than excess supply conditions are disinflationary (Laxton, Meredith and Rose, 1994;
Clark, Laxton and Rose, 1995). This feature would have relevant policy implications:
an overheating of the economy would in fact necessitate a more severe tightening in
monetary conditions in order to keep price stability under control. Asymmetry,
induced by a number of structural factors, might also characterise the presence of

hysteresis effects in the labour market."

Multivariate filters

As already mentioned, a limit of one of the most common filtering technique, the HP
filter, is that it generates the NAIRU without taking into account information on inflation.
A simple way to get around this drawback is to choose the value of the smoothing
parameter that minimises the residual of the Phillips curve (3.2). The NAIRU is then

identified as the filtered series of unemployment that provides the best statistical fit.

Alternatively, a multivariate extension of the HP filter makes the NAIRU estimate depend
both on the smoothing parameter and on the estimated coefficients of the Phillips curve,
thus introducing some structural information in the trend-cycle decomposition (Laxton
and Tetlow, 1992). The multivariate filter estimates the NAIRU as the series of u* that
simultaneously minimises the squared unemployment gap subject to a smoothness

constraint and a goodness of fit restriction from the Phillips curve:

,
min Y. (u, —u, ) + A, [ —u) =, —u_ )V + A6 (3.3)
t=1

where ¢ is the residual from (3.2) and A, is a weight attached to it. The weights on the
restrictions are either fixed a priori or, in a more sophisticated approach, jointly estimated

with the parameters of the Phillips curve (Cote’ and Hostland, 1994).

15" Giorno, Deserres and Sturm (1997) find some (not very conclusive) evidence of asymmetrical hysteresis

for France, Italy and Germany.
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Constant NAIRU

If the NAIRU is treated as constant over the whole sample period it can be directly
computed from the estimated parameters of equation (3.2). Given the constancy of u*, the
term O(L)(u.,-u*) in the Phillips curve can in fact be rewritten as @(L)(u,.,)-O(1)u* where

®(1) is the sum of the estimated coefficients of unemployment. This yields:
A(L)Ap, = f+O(L)u,_ + 1z, +¢, (G4

where B=-O)u". In the absence of supply shocks, the NAIRU is derived as
0 =—p10().

Time varying NAIRU: Elmeskov method

A method that, although based on a Phillips curve type relationship, does not rely on the a
priori assumption of a stable systematic link between inflation and labour market
imbalances is the one developed by Elmeskov (1993). In its original version the method is
conceived as exploiting information on wage rather that price developments (the resulting
measure of unemployment consistent with constant wage growth is in fact labelled by its
proponent as NAWRU), but it can in principle be applied to any indicator of inflation.
The NAWRU is currently and routinely applied by the OECD to derive measures of
country output gaps, although additional evidence - including judgmental expertise - is
used in the process.” The NAIRU is computed on the basis of a simplified

“accelerationist” version of equation (3.2):

AN p, =—a,(u, —u), (3.5)

where A® is the second difference operator, p is the logarithm of the chosen price (or
wage) indicator and « is a positive variable. The two unobservable variables, oz and u, are
identified by constraining them both to be constant across two subsequent observations.
In other words, Au,* is assumed to be equal to zero and hence the NAIRU to change only

gradually over time. An estimate of « is obtained for any two consecutive periods as:

Alternative approaches are currently being investigated by OECD staff, also aimed at assessing the
robustness of the results provided by Elmeskov’s method. In particular, two methods of estimation of the
NAIRU are being considered. The first is based on a Kalman filter applied to a Phillips curve specified in
terms of price inflation; the second on a multivariate filter along the lines described in Laxton and Tetlow
(1992).
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3

. A o . . s A
a, = ~2P1 which is then substituted into (3.5) to give u, =u, —( gu’ JAzp,
U A'p,

The obtained measure, smoothed in order to remove erratic movements', is a short-run
equilibrium indicator, since it represents the unemployment rate associated, in a given
period and depending on the recent past evolution of unemployment, with constant wage

(or price) growth.

This method, despite its simplicity of construction and the advantage of not requiring a
wide variety of data, involves some weaknesses. For example, some potentially important
explanatory variables might be omitted. Moreover, there is no estimation involved and
therefore no test statistics or statistical measure of the uncertainty associated with the
indicator itself. Finally, as ¢, is computed as a fraction where the denominator might be
close to zero, it can be highly volatile, thus leading to a considerable volatility in the

NAIRU itself. This is one of the reasons why the raw measure needs to be filtered.

Time varying NAIRU: the break model

In the “break” model, proposed by Gordon (1982), the NAIRU is allowed to vary, taking

different discrete values over time, depending on a number of break dates {#,}:
u =A'F,

where F, =(F,,...,F,) is a set of dummy variables such that F, =1 if _, <¢<¢ and

F, =0 otherwise. The Phillips curve equation (3.2) is reformulated as:
A(L)Ap, = O(L)u, + AF, + 2, + £, , where 1=-0O(1)A (3.6)

The break points may either be fixed ex ante or estimated. In the latter case, when there is
more than one break a sequential algorithm is adopted which estimates one break at a

time, treats it as fixed and estimates the next one. The NAIRU is then computed as:

- AF
U, =——=
o)

17 An Hodrick-Prescott filter with a smoothing parameter of 25 is applied to the series, in order to reduce the

influence of transitory movements in the Phillips curve.
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The structural time series/unobserved component method

In this approach, the definition of NAIRU as the level of unemployment at which inflation
is constant is explicitly incorporated in the decomposition of unemployment. The process
assumed for unemployment is a structural time series model, which decomposes observed

unemployment into a trend (the NAIRU), a cyclical (uc) and an error (ze¢) component:
Uu=u +uc+ue 3.7

Three different issues can be identified for the empirical implementation of this method,
and for the related results: i) the choice of the statistical model for »*; ii) the assumptions
concerning the deviation of the unemployment rate from the NAIRU; iii) the explicit

introduction of hysteresis effects in unemployment dynamics.

e Choice of the statistical model for u*
The most commonly adopted model for representing the NAIRU is a random walk

process:

u = +7,+7, (3.8)

where 7, is a drift and the error term 7, is iid with mean zero and standard deviation o;,.
Most empirical studies assume no systematic trend in the NAIRU, and hence impose

7=0.18

e Assumptions on the deviation of unemployment from the NAIRU

Empirical analyses frequently assume that the deviation of the unemployment rate from
the NAIRU is a white noise process.”” This assumption amounts to neglecting the cyclical
component uc in the structural representation (3.7). The system (3.2) and (3.8) can be
expressed in state-space form and estimated using the Kalman filter. Estimates of the
relevant parameters, i.e. the coefficients of the polynomials in the lag operator A(L), ®(L)

and y, and the two variances 0'3 and 0'% , can be obtained by maximum likelihood, under

the assumption that the two error terms are uncorrelated.
Alternatively, the deviation of the observed unemployment rate from the NAIRU is
assumed to follow an autoregressive process (Apel and Jansson, 1997; Rasi and Viikari,

1998; Laubach, 1997). The system is hence augmented by a third equation, which

18 Staiger at al (1996); Gordon (1996). Recent works, however, produce interesting results allowing the trend

in (3.8) to be either constant (linear) or time varying (quadratic). See Laubach (1997).
19 Staiger et al (1996); Gordon (1996).
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formalises the assumption that the observed unemployment rate has a tendency to return

over time to equilibrium:

u, —u, =G(L) Y, —u, )+, (3.9)

where G(1)<I and the error term @, is iid with mean zero and standard deviation o,. The
system including equation (3.2) and (3.7)-(3.9) can be solved by applying the Kalman
filter to obtain estimates of the unknown parameters and of the time series of the
unobserved variable. In the state-space form, the measurement equations are derived from
(3.2) and (3.7); the transition equation is derived from (3.8) and (3.9). All shocks are
assumed to be mutually uncorrelated and to have constant variances.” In principle all the
parameters of this system can be estimated by maximum likelihood. However, the
empirical implementation of the Kalman filter smoothing algorithm tends to produce a
solution in which all the variance parameters are zero apart from the one in equation (3.8)
(see, for example, Gordon, 1996). An additional constraint has therefore to be placed on
the variation of the NAIRU to avoid that high frequency fluctuations, i.e. jumps from one
period to the other in u*, absorb all the residual variation in equation (3.2). Although the
value chosen for the variance of the error term matters only insofar as it determines the
high frequency fluctuations of the NAIRU estimates, it influences the standard errors
around such estimates. The system might also be extended in order to take into account
the relationship between the NAIRU and potential output (Rasi and Viikari, 1998; Apel
and Jansson, 1997, 1998). Such a relationship is specified as an Okun equation by which
a gap between actual and equilibrium unemployment is reflected in a gap between actual
and potential output. In the two papers mentioned this Okun law is imprecisely measured,
this being needed to account for shifts in the output gap not originating in changes in the
unemployment gap. One of the advantages of the introduction of this additional equation
is that the a priori exogenous restriction on the variance of the NAIRU, which is needed
for the empirical implementation of both the specifications presented above, is no longer
necessary. The other constraints imposed on the whole system by the Okun’s law seem to

handle, in fact, the variance of the residual.

20 The assumption of diagonal variance-covariance matrix of the system can also be relaxed, without making

the model under-identified, to allow for some non-zero correlation between the error terms. As an
example, correlation between shocks to the NAIRU and shocks to cyclical unemployment may occur in
the presence of hysteresis effects in the labour market. Apel and Jansson (1998), however, find that the
assumption of orthogonality between the residuals cannot be rejected.
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e Introducing hysteresis effects

Model (3.2), (3.7)-(3.9) allows also to explicitly take into account the possibility that
hysteresis effects in unemployment affect the pattern of the estimated NAIRU (Laubach,
1997). Equation (3.9) may be rewritten as:

u, =v,  +y U, —u )+, (3.10)

where the introduction of the persistence term replaces the deterministic drift 7, and the
coefficient i is assumed to be bounded between 0 and 1. In the extreme case in which
w=0, (3.10) corresponds to a random walk. Conversely, when =1 the term u',, cancels
out and the NAIRU is only defined as lagged current unemployment plus a shock.

Constant inflation, in this case, would be compatible with any level of unemployment.

4 The euro area NAIRU: some preliminary estimates

4.1 Filtering techniques

Univariate filtering techniques, although quite easy to implement, do not use any
information other than the statistical properties of unemployment and make no reference
to the inflationary process, which has a primary role in the conceptual definition of
NAIRU. Despite this limitation, the smoothing process involved in such methods is
consistent with the idea that the determinants of the NAIRU change only slowly over
time. This is probably one of the main reasons why filtered unemployment series are
often found to be significantly correlated with inflation dynamics (see, for example, Bank
of England, 1999).

On the ground that the empirical evidence supplied by this approach might shed some
light on the non-cyclical component of unemployment in the euro area, a standard HP
filter (with A = 1600) and a bandpass filter based on the methodology proposed by Baxter
and King (1995) have been applied.”

2 As for the HP filter, in order to overcome the problem of end-of-sample imprecision of the estimates, two
additional years of data have been used to filter the unemployment time series.
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Figure 4.1 NAIRU estimates based on filtering techniques
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Despite being founded on different principles, the two techniques produce strikingly
similar results, as figure 4.1. clearly shows.”> Similar results, which are not shown here,
are also supplied by the implementation of the simple bivariate version of the HP filter
described in section 3, in which the smoothing parameter A is chosen to maximise the fit

of the Phillips curve.”

4.2 Methods based on the Phillips curve

The analysis presented here addresses the issue of estimating the NAIRU using the
available information on price, wage, productivity and unemployment developments in
the euro area. The basic framework is the simple Phillips curve already described in the
previous section, which captures a disequilibrium adjustment mechanism: inflation
depends on its past values, on the tightness of the labour market and other factors

potentially affecting its response to demand pressures:

A(L)Ap, =O(L)u, —u, )+ 1z, + &, (4.1)

2 Baxter and King method is a bandpass filter, which passes frequencies corresponding to between 8 and 32

periods, which is a typical business-cycle frequency range when one uses quarterly data. The Hodrick-
Prescott filter is derived by minimising the sum of the squared deviations of the unemployment rate from
its trend, subject to a smoothness constraint that penalises squared variations in the growth of the trend.
The additional finding which emerges from this experiment is that the best fit is provided by a filtered
series that approximates a linear trend, corresponding to a smoothing parameter that tends to infinity. The
improvement in the statistical fit of the Phillips curve due to the increase in A, however, is almost
negligible, and the results of such an experiment are not presented here.

23
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Since expression (4.1) can be thought of as reduced form of a structural wage-price
setting model, it is in principle possible to express it either in terms of wages or of prices.
For wage inflation, we follow Gordon (1998) and focus on the rate of growth of trend unit
labour costs, i.e. wages divided by trend productivity, on the ground that this is, after all,
the variable relevant to pricing decisions.* For price inflation, we model both the change
in consumption deflator and the one in GDP deflator, which excludes the direct impact of
import prices. For a meaningful measure of the NAIRU to exist, a long-run homogeneity
restriction is imposed on the lagged coefficients of the inflation indicator. In (4.1), such
coefficients capture both the influence of past inflation behaviour and of expectations on
current price setting. The use of an explicit measure of expected inflation, which would
allow a formal distinction between inflationary expectations formation and the inertia of
the inflationary process, is not possible due to the unavailability of data. The tightness of
the labour market is proxied by current and past values of the unemployment gap.>® The
presence of several lags of such a variable automatically allows inflation to depend on
both its level and change. The relationship linking price dynamics to the unemployment
gap is assumed to be of a linear form. This formulation is consistent with a battery of
preliminary tests for the presence of non-linear effects, which has provided evidence that

didn’t allow rejecting the hypothesis of a linear Phillips curve.*

Constant NAIRU

If the NAIRU is assumed to be constant over the entire sample period, equation (4.1) is

reformulated as:

A(L)Ap, =a+O(L)u, +1z, +&, (4.2)

24 We consider trend productivity growth, i.e. a smoothed version of actual productivity growth, on the basis

of the idea that productivity gains are not translated into wages in the very short run.

One could argue that the inflationary effects of tight demand plausibly occur with a lag. The issue of
whether or not to include among the regressors of the Phillips curve the current unemployment gap has in
fact been debated in the empirical literature. Here, we chose to adhere as much as possible to the standard
textbook formulation of the relationship, which incorporates the current value. The empirical results,
however, do not change with the exclusion of such a variable.

Non-nested tests of the linear Phillips curve against an alternative version in which unemployment entered
in logarithms rather that in levels were performed, such as the Cox test, its adjusted version derived by
Godfrey and Pesaran (1983), the J and the encompassing tests. Akaike and Schwarz choice criteria based
on the maximised log-likelihood function of the two alternative models were also evaluated. We are aware
of the limitation of considering only the logarithmic functional form as an alternative specification to a
linear one. The class of nonlinear Phillips curves is vast and could include, for example, the possibility
that the speed of adjustment depends on the level of the equilibrium rate of unemployment, or that supply
shocks have asymmetric effects.

25

26
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and the NAIRU is computed as the OLS estimate of the ratio of « to the sum of the

coefficients of the unemployment term.

Table 4.1 reports the results obtained using quarterly data on total unemployment rate,
trend unit labour costs, consumption deflator, GDP deflator for the euro area, referred to
the period 1972:1 1997:4. The regressions also include, according to the specific indicator
chosen as dependent variable, other explanatory factors: the import deflator when
inflation is measured by the change in consumption deflator and unit labour costs when it
is the change in GDP deflator. Each regression includes four lags of the inflation
indicator, contemporaneous and lagged (four lags) values of unemployment and four
lagged values of the additional explanatory factors. The second column of the table
reports the estimated sum of coefficients of current and lagged unemployment, which
capture the response of price or unit labour cost changes to the cyclical situation in the
labour market and can therefore be thought of as a measure of aggregate real rigidity. The
third column reports the NAIRU figures implicit in the estimated Phillips curve. The
standard errors are derived using the “delta method”, given that the NAIRU is computed
as a non-linear function of the regression coefficients.” The last column of the table

contains the 95 percent confidence interval obtained on the basis of such standard errors.

Table 4.1
dependent variable R2 O(1) (s.e) NAIRU (s.e.)  95% confidence interval
consumption deflator | 0.94 -0.02 (0.01) 9.1% (1.57) 5.9% - 12.2%
GDP deflator 0.89 -0.02 (0.01) 8.6% (1.59) 5.5%-11.8%
ulc* growth 0.77 -0.09 (0.03) 8.4% (0.67) 7.1% - 9.8%

Overall, the fit of the equations, whatever the indicator modelled, is quite high. The
implied unemployment rate consistent with stable inflation over the period is in the range

of 84 — 9.1 per cent. The estimates show a strong similarity across the three

% The delta method is a technique for constructing asymptotic standard errors for functions of estimated

parameters. Suppose that F = F(8) is a function of the parameters & of the model and assume it is first
order differentiable. The estimate of F" and its corresponding variance matrix can is computed according to
the formulae:

F=F()

Py = &2[6F(9)} P é)[ 6F(9)]
00 lp-g 00 lp-p

where 6 is the maximum likelihood estimate of the parameters and I}(é) a consistent estimator of its

variance matrix. See also Rao (1973). A potential drawback of this method lies in the fact that it
approximates the distribution of the estimated NAIRU, which is a ratio of coefficients, by a normal
distribution.

ECB Working Paper No |7 e March 2000 21



specifications, supporting the idea that wage behaviour does not play much of an
independent role in the inflation process (Gordon, 1998). However, their standard errors
are sensitive to whether the Phillips curve is modelled in terms of price or unit labour cost
inflation: the 95% confidence band for the former is almost double the one computed for
the latter (six versus three percentage points). This result stems from the fact that the
direct effects of labour market tightness account for a relatively small amount of the

movements in quarterly price growth.

In order to verify the reliability of the hypothesis of a constant NAIRU over the period,
the estimated relationships have been subject to a thorough stability analysis. Several
pieces of evidence potentially available to detect structural shifts in the Phillips curve
have been considered. As the timing of the potential breaks cannot be established on a
priori grounds, a test aimed at detecting instability of a general form has been performed
as a first attempt (Hansen, 1994). The test is approximately a Lagrange multiplier test of
the null hypothesis of constant parameters against the alternative that they follow a
martingale and it has the advantage of detecting the coefficients responsible for the
eventual break. The results provide only limited and not clear-cut evidence in favour of
structural shifts in the equation. Although overall stability of the entire equation seems to
be a common feature of the three different specifications considered here, some of the

coefficients show some sign of instability over the sample period.

A further investigation of the properties of the estimated relationships has been conducted
by means of simple CUSUM tests, essentially aimed at detecting time variation in the
intercept, and CUSUMSAQ tests, focused on the stability of the variance. Both types of
exercise provide some, although not striking, sign of unstable behaviour of the equations
in the 80’s. An interesting piece of evidence has been derived from the recursive
estimates of the NAIRU level implicit in the parameters of the Phillips curve, shown in
Figure 4.2. If one neglects the initial years, which reflect the limited number of
observations on which the recursive estimates are constructed, three elements emerge
quite clearly. First, comparing the beginning, say 1980, and end estimates reveals an
upward shift in the NAIRU (from about 6 to 8 per cent). Second, such a shift takes place
in the first half of the eighties, whatever the indicator chosen as a measure of inflation.

Finally, the implied NAIRU seems to have remained quite stable over the last decade.
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Figure 4.2. NAIRU recursive estimates based on Phillips curves
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Overall, the evidence provided above, however mixed, and the upward movement in the
observed unemployment rate do not make the idea that the NAIRU in the euro area can be
treated as a constant a very realistic and appealing one. Therefore, one should allow such

a measure to shift over time, and the issue is finding the best way to do that.

Elmeskov method

A very simple method, often adopted in the literature (see, for example, Ball, 1996) for
allowing the NAIRU to vary over time exploiting information on prices and
unemployment is the one developed by Elmeskov (1993). Although the author estimates
the unemployment rate consistent with stable wage inflation, the technique can be applied

to any accelerationist Phillips curve, whether expressed in terms of unit labour costs,

wages, or price inflation.

In order to obtain a measure of the NAIRU comparable to the one commonly computed
for European countries by the OECD?, this technique, described in section 2, has been

applied to a simplified version of equation (4.1), which does not include lagged terms of

2 The OECD utilises NAIRU estimates derived with this methodology for a variety of purposes, from the

calculation of output gaps, to the construction of government structural balances, to measure structural
unemployment. The figures obtained applying Elmeskov method to the aggregate euro area data seem to
be consistent with the ones reported by the OECD in several studies (see Giorno, Deserres, and Sturm,
1997). For example, OECD estimates of the NAIRU for 1997 are equal to 10.6 for Italy, 10.2 for France,

9.6 for Germany, 19.9 for Spain, 11.6 for Belgium. The corresponding value for the whole euro area
resulting from our analysis is of 11.4.
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inflation and unemployment nor additional factors. The NAIRU estimate for a given
period has been derived from unemployment and the change in inflation (wage or price)
in that period and in the previous one. The obtained series have then been mildly
smoothed with an HP filter with parameter equal to 25, in order to reduce the influence of
supply shocks and other transitory shifts in the Phillips curve. The resulting time varying
NAIRU for each of the three indicators chosen to measure inflation are presented in

figure 4.3, together with the series of observed unemployment.

The three NAIRU indicators show a tendency to follow actual unemployment rather
closely, thus suggesting that the rise in European unemployment is mainly explained by a
rise in “structural” unemployment. However, as the NAIRU measures are not derived by
standard estimation methods, they elude the possibility of testing and can hardly be

subject to empirical evaluation.

Figure 4.3. NAIRU estimates based on Elmeskov method
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“Break” NAIRU

In the Phillips curve specification summarised by equation (4.2), the NAIRU mainly
collapses in the intercept. Statistical procedures can hence be implemented to determine
the location of breaks in such a coefficient and, on the basis of the results obtained,

dummy variables can be included among the regressors to capture the located shifts. The
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NAIRU can therefore be modelled as having discrete jumps at certain points in time and
as being constant between such points.

Clearly, this solution is not immune from criticism. It does not take into account the
potential source of uncertainty deriving from the possible stochastic nature of the time
varying NAIRU. The breaks are in fact treated as occurring non randomly and, once
occurred, as if they were known with certainty. An extension of this model would be one
in which the NAIRU switches stochastically between different regimes like the Markov
switching regression model proposed by Bianchi and Zoega (1998). The confidence
intervals associated with the estimated NAIRU would be different from those for the
deterministic break model presented below, since they would incorporate the additional

uncertainty of not knowing the current regime.”

In practice, it is not easy to determine the exact timing of the breaks. The existing
empirical literature mainly relies on the a priori assumption of equidistant breaks (see, for
example, Staiger et al, 1996) or, more rarely, on sequential estimation algorithms. The
method adopted here is based on the implementation of Goldfeld and Quandt (1973)
switching regression testing procedure.’® For each of the three specifications of the
Phillips curve the results provided by this test support the existence of at least one break.
The estimated timing of switches in regimes (beginning of 1985, beginning of 1981 and
end of 1984 for the three alternative specifications, respectively) seems to be consistent
with the empirical evidence deriving from the recursive estimates of the NAIRU
presented above. Chow tests for structural breaks occurring at such dates confirm the
presence of a change in regime. The hypothesis that further changes occurred over the

sample period is rejected by the data.

% This source of uncertainty is instead taken into account in the time varying model presented in the next

section, where the NAIRU is explicitly treated as an unobservable stochastic parameter.
Assume that the observations on a dependent variable y, related to a set of independent variables x,...,x,,
are generated by two distinct regimes:

30

y,=x;ﬂ1+ul, fori<i*
y,=x;ﬂ2+u2, fori>i*
where it is generally assumed g # f,. The two regimes are estimated by maximising the likelihood

function conditional on i* and then choosing as the most likely estimate of i* the value that maximises
them. The null hypothesis that no switch took place at time i* is finally tested on the basis of a likelihood
ratio test given by:
~i¥ A (n—i)*
LR=—122

O"_n

where & is the estimated standard deviation of the residuals from a regression over the whole sample
period.
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“Break” NAIRU measures have then been computed for the euro area, allowing the
intercept in the Phillips curve to switch from one level to another after the break has

occurred.

Table 4.2 and figures 4.4 to 4.6, which show the results, suggest a few general

considerations.

e Since the beginning-mid eighties the NAIRU in the euro area seems to have risen on

average by almost 4 percentage points.

e The precision of the “break” estimates’' is higher, although still not satisfactory for
the Phillips curves measured in terms of prices, with respect to the specification with

constant NAIRU, as the 95% confidence bands show.

e Finally, the most precise estimate is obtained, as in the case of constant NAIRU, for
the trend unit labour cost Phillips curve. This is particularly true for the second
regime, in which the 95% confidence band covers values included between 8.8 and 10
percent, a remarkably low range compared both to the “constant” hypothesis and to

the main findings in the empirical literature.”

Table 4.2

dependent variable R2 O(1) (s.e.) NAIRU (s.e.)  95% confidence interval

consumption deflator 0.94 -0.04 (0.01) 5.9% (1.15) 3.6% - 8.2%
10.2% (0.87) 8.5%-11.9%

GDP deflator 0.89 -0.06 (0.01) 5.5% (1.06) 3.3% - 7.6%
9.7% (0.68) 8.3% - 11.0%

ulc* growth 0.79 -0.22. (0.05) 5.9% (0.49) 5.1% - 6.9%
9.4% (0.33) 8.8% - 10.0%

31" The standard errors have been derived, also in this case, applying the delta method.

32 Staiger et al (1996) find the typical 95% confidence interval for the NAIRU in the US being 5.1 to 7.7%.
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Figure 4.4. One-break estimate (1985:1) of NAIRU
(price-price Phillips curve with consumption deflator)
NAIRU lst regime = 5.86% (t stat. = 5.1)

NAIRU 2nd regime = 10.2% (t stat. = 11.7)
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Figure 4.6. One-break estimate (1984:3) of NAIRU
(trend unit labour cost Phillips curve, inflation ed by ption deflator)

NAIRU lst regime = 5.9% (t stat. = 12.01)
NAIRU 2nd regime = 9.4% (t stat. = 28.94)
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5 The time-varying parameters approach

The time-varying NAIRU is just an extension of the methods proposed until now but still
within the same general approach. The basic inflation equation is supplemented by a
specific assumption for the law of movement of the NAIRU. This law of motion must
ensure a resulting estimate with behaviour not far from that of observed unemployment,
but smoother variations. This goal is reached assuming that the NAIRU moves over time

as a random walk.

5.1 The empirical model

In the light of the previous discussion, the model underlying the time-varying NAIRU
approach comprises a reduced form Phillips curve like (5.1a) or a wage-price Phillips
curve such as (5.1b). The first one links inflation 4p (alternative definitions of it being
used in the analysis) with the unemployment gap u-u* and other relevant variables z. The
second equation distinguishes between movements in wages and prices, forcing the
appearance of a productivity term, ¢g. In the two equations, the variable z may include
factors far from irrelevant. In general terms, it comprises all the supply-side factors
affecting inflation not already captured by changes in unemployment, probably including
business-cycle changes in marginal costs. But other factors may be included in this
variable, such as speed-limit effects (i.e., first differences of unemployment) or, in the

presence of a credible monetary policy, stationary inflation targets. Variations on this
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basic framework include using diverse measures of inflation, differing degrees of

dynamic homogeneity in inflation and alternative specifications for z.”

A(L)Ap, = —@(L)(u, —u, )+ Yz, +é& (5.1a)
A(L)Aw, = B(L)Ap, +C(L)Aq, - ®(L)(ut —u, )+ Yz, +é (5.1b)

It is obviously necessary to disentangle somehow the variable u#* in this equation.
Assuming a specific law of motion for it does this. In the case at hand, a very simple but
very general random walk is assumed, as in equation (5.2). As already explained, this is a
convenient expression due to its intrinsic simplicity but with the potential for coping with

more complex dynamic processes.

= U+ 1], (5.2)

Equations (5.1)—either (5.1a) or (5.1b)—and (5.2) define a recursive Kalman filter,
which can be solved to derive a maximum-likelihood measure of the NAIRU. Equation
(5.1) is the measurement equation; equation (5.2) is the transition equation. The model is
equivalent to one in which the parameter multiplying the constant was time varying. This
means that the variability of the time-varying parameter must be constrained, in order to
avoid a vanishing residual term in (5.1). It is of course an issue what the variability of the
NAIRU may be on a priori grounds. The standard assumption is to give a rather low
variability to the process, in view of the links assumed to exist between this measure and
the inner structure of labour markets. On the other hand, there is a growing stream of
literature pointing to recurrent shocks hitting the labour market at relatively high
frequencies. In view of this, a pragmatic approach was chosen, and a variance of the
NAIRU not far from that of observed unemployment was selected, the two expressed in
first difference. It is well known that the size of the imposed variance matters for the final
shape of the estimated NAIRU (see e.g. Gordon, 1997), this aspect being considered as
one of the main weaknesses of the method. In order to assess this problem, a number of
different variances were tested as a robustness test. It was found that the range of
admissible variances — i.e, those providing estimated NAIRUs with a sufficient degree of

smoothness and plausibility — was larger than expected.*

33

The estimations were not systematically run under the assumption of dynamic homogeneity, although
great care was taken to demean those variables for which this was necessary.

This was a consequence of the chosen estimation strategy, to be detailed below, which allowed for a
different ex-post variance. Actually, it was found that sample variances (i.e., the final variance of the first
difference of the estimated NAIRU) were about one-third the a priori one. This gave a correspondingly
larger range of variation in the initial assumption.

34
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5.2 The estimation strategy

The model (5.1)-(5.2) can be estimated by iterating on the Kalman filter solution until the
parameters have reached a value that maximises the likelihood. This approach was
initially used in the context of this exercise, but a simpler approach was finally taken. The
method is a derivation of Stock’s proposal (Stock, 1999) to derive the NAIRU following a
two-step approach. In the first step, an ordinary least squares regression is run on a
standard Phillips curve specification, with the inclusion of a constant (which gives the
average NAIRU over the sample). In a second step, the derived constant in the
regression—plus the residual—is taken as input for a Kalman filter in which the NAIRU
is assumed to be a random walk, whose variance has to be chosen. The procedure is
simple to implement and very fast, its main drawback being that it is not a full

optimisation of the filter.

This method is useful if the value of the NAIRU is never far from the mean over the
whole sample (which is probably the case in the US). However, given the strong upward
trend in euro area unemployment, this assumption is untenable. The approach was
accordingly amended to include iterations on the two steps, until maximum likelihood is
reached. It turned out that the number of iterations was relatively low as long as the
starting point was good enough. This entailed an initial least squares regression with a
significant unemployment gap in it, as otherwise the initial estimate of the NAIRU was
too imprecise. A grid search of possible initial off-model estimates of the NAIRU,
necessary for the first iteration, was tried: alternatives ranged from a constant NAIRU to
others closely tracking observed unemployment. It was found that the Hodrick-Prescott
filter gave a good starting point, other filters presenting minor problems.”® Each time the
procedure converged, it was ascertained—in an appropriate neighbourhood of the

solution—that it was not a local minimum.*®

One noteworthy feature of this method is that adding dynamic terms in the underlying
equation has sometimes an adverse impact on the final estimate of the NAIRU. It was
ascertained that adding lags to the unemployment gap itself, while adding nothing in
terms of goodness of fit, worsened the precision with which the sum of its parameters was
estimated. In the same vein, adding lags of auxiliary variables, when there was some

degree of auto-correlation among them, prevented convergence to the solution. In view of
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As, for instance the loss of initial and last observations in the Baxter-King filter.
At each instance, there was no further iteration giving a better likelihood.

30 ECB Working Paper No |7 March 2000



these problems, all regressions have been kept as simple as possible, both in terms of lags

or number of regressors included in the measurement equation.

5.3 The resulting estimates

Reduced form Phillips curves, GDP deflator versus consumption deflator

Chart 5.1 presents one possible estimate of the NAIRU derived from a Phillips curve.”” It
shows the NAIRU resulting from a reduced form Phillips curve with four lags of each
variable. Inflation is measured by (log) changes in the consumption deflator. Alternative
measures were calculated using the GDP deflator inflation. Both measures were found to
be similar, with only occasional differences. The underlying equations were, though,
slightly different: the consumption equation has a clearer role for the unemployment gap,
somewhat muted in the case of the GDP deflator equation. Only one lag of the
unemployment gap enters the measurement equation, although results were not much
different with up to four lags. The contemporaneous unemployment gap was barely
significant, and its inclusion did not alter results. Imposing dynamic homogeneity altered

somewhat the resulting estimate, but in no fundamental way.

Figure 5.1. TVP estimate of NAIRU
(reduced form Phillips curve, inflation measured by consumption deflator)

Unemployment rate
(percent)
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—_—

observed unemployment * """ " 95%band — TVP-NAIRU " """~ 95% band

The estimates tell much the same story. Unemployment was marginally below the NAIRU

at the start of the seventies, after which both raised broadly in line. It is not until the

Bands around the NAIRU do not synthesise asymptotic uncertainty, because of the random-walk
hypothesis: they correspond to 1-step-ahead forecast error variance. (l.e., they embrace the 95%
confidence region of where the next value of the NAIRU may lie.) In this sense, they cannot be compared
with (asymptotic) bands shown elsewhere in the paper.
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eighties that a clear increase in the unemployment gap occurs, the worst episode taking
place from the beginning of the decade until—roughly—the mid-eighties. The
unemployment gap seems to disappear at the turn of the decade. Finally, the
unemployment gap increases again strongly during the early nineties, to be reduced
afterwards. According to these measures, the current level of unemployment may not be

far from the NAIRU, although probably still above it.

Wage-price Phillips curves

Results obtained from wage-price curves did not differ widely from reduced-form Phillips
curves. The benchmark relationship estimated includes terms in inflation measured by the
consumption deflator or the GDP deflator, and also productivity terms. Figure 5.2 depicts
the NAIRU derived from a real consumption wage equation. This equation embodies
dynamic homogeneity with respect to prices, either consumption or GDP deflator,
although not having it did not alter results significantly. Results were also pretty similar if

instead dynamic homogeneity with respect both to prices and productivity was imposed.

One important aspect of these equations is the addition of a long-run component with real
unit labour costs in levels. This last variable was meant to capture possible effects of
changes in marginal costs not correctly measured by the NAIRU. Assuming that steady-
state real unit labour costs are constant’®, this approach means in fact that we may be
catching business cycle effects of real marginal costs. This long-run component has in
general only a secondary influence in the wage equations with consumption inflation, but
is important when GDP deflator inflation is used. This lends support to the idea that we
may be using two different variables for the measurement of the business cycle: the
unemployment gap and the real-marginal-cost gap. In that sense, a wage curve in terms of
consumption deflator inflation including no marginal cost measure may be claimed to
perform a more accurate identification of the NAIRU.”” As was the case with the Phillips
curves, imposing varying degrees of dynamic homogeneity altered somewhat the results,

but in no substantive way.
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Something far from evident for European countries, though, given the behaviour of the labour share.
But not necessarily providing a better estimate.
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Figure 5.2. TVP estimate of NAIRU
(wage-price Phillips curve, inflation measured by consumption deflator)

Unemployment rate
(percent)

—_—

Real unit labour cost equations

Another potential set of equations that could be interesting to test is real unit labour costs
equations, i.e. equations linking inflation and unit labour costs. A notable point in these
equations is the rather muted role played by unemployment. In fact, in some of the
estimations unemployment was barely significant, and correspondingly the starting point
for the recursions of the filter was rather poor. It was clearly the case that these equations
could be better understood as marginal-cost equations, with unemployment playing only a

secondary role.

6 Evaluating the alternative NAIRU measures

One potential problem with NAIRU estimates derived from the analysis of area-wide data
is the potential for serious aggregation biases which could lead to imprecise and
inaccurate measurement of the concept. This problem stems from the lack of uniformity
across member countries’ labour markets, as mentioned in the introduction. The obvious
alternative is a country-specific analysis of unemployment. However, in the case at hand,
since no explicit structural analysis is attempted, there is some ground to justify an
aggregate approach: namely, that it may be sufficient to measure inflation developments.
NAIRU analysis in the literature is used for many purposes, but regarding monetary

policy there are two worth isolating: NAIRU as an indicator of inflationary pressures and
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NAIRU as a component in the derivation of potential output and the output gap. Although
both approaches cannot be considered to form the core of the analysis herein, some

reference to them is probably not out of place.

6.1 Inflation forecasting performance

Tables 6.1 and 6.2 collect some data on the inflation forecasting performance of the
unemployment rate and the unemployment gap based on some of our NAIRU estimates.
Results were obtained not through the careful fine-tuning of equations providing optimal
forecasts of inflation, but as checks of the performance of sets of simple equations, very
often widely different from the equations from which the corresponding NAIRUs were
derived. The procedure entailed performing out-of-sample inflation forecasts based on
Phillips-curve-like specifications.

Table 6.1 collects data on errors in forecasting inflation for the period 1992Q1 to
1997Q4, with models estimated up until the last period before each exercise was carried
out. The models comprise an auto-regressive model for inflation, with four lags and a
constant, as the benchmark; a standard Phillips curve, corresponding to the constant
NAIRU; a break-NAIRU equation and the TVP-NAIRU. In all cases, unemployment and -
whenever relevant - the NAIRU have been modelled as random walks. As is now standard
(see Staiger et al, 1997, among others), each forecast has been performed recursively for
as many steps ahead as the sample period allowed, a number of n-step ahead forecast
errors being collected in the process. The table shows mean errors, absolute mean errors

and root mean square errors for respectively 1, 4 and 8-step ahead forecasts.

Table 6.2, on the other hand, gathers data from models in which current and lagged
information is regressed on inflation » periods ahead. In this case, each forecast is a non-
recursive one but each model has a different projection horizon (see Staiger et al, 1997).
The same error statistics are collected - and averaged - as above. Inflation is always
measured using the consumption deflator. It is to be stressed again that these models do
not pretend to be optimal forecasting models, their only aim being to test in a robust and
comparable manner whether unemployment in general and the NAIRU in particular is a

useful tool in the inflation forecasting toolkit.
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Table 6.1. Out of sample recursive forecast

mean error mean absolute error root mean squared error

steps ahead AR(4) inflation

1 -0.08 0.17 0.23

4 -0.24 0.26 0.32

8 -0.47 0.47 0.49
steps ahead Phillips curve

1 0.01 0.16 0.21

4 -0.01 0.13 0.19

8 -0.01 0.12 0.15
steps ahead Break model

1 0.02 0.15 0.21

4 0.03 0.12 0.17

8 0.04 0.13 0.15
steps ahead TVP NAIRU

1 -0.01 0.15 0.21

4 -0.06 0.16 0.24

8 -0.08 0.25 0.33

Table 6.2. Moving horizon forecasts
mean error mean absolute error root mean squared error

Periods ahead AR(4) inflation

1 -0.08 0.17 0.23

4 -0.28 0.29 0.34

8 -0.54 0.54 0.55
Periods ahead Phillips curve

1 -0.02 0.17 0.22

4 -0.08 0.16 0.21

8 -0.18 0.24 0.30
Periods ahead Break model

1 -0.02 0.17 0.22

4 -0.05 0.16 0.21

8 -0.22 0.27 0.30
Periods ahead TVP NAIRU

1 -0.03 0.17 0.22

4 -0.23 0.25 0.33

8 -0.50 0.50 0.61

The tables hint at a more than casual link between inflation and the unemployment gap. In
all cases, the Phillips curve outperforms a simple AR model of inflation, sometimes by a
wide margin. Results not reported here strengthen this conclusion, as the finding is robust
to changes in the definition of inflation or in the specification of the underlying system.
More complex measures of the NAIRU - such as the break-NAIRU, the TVP-NAIRU or

(unreported) filtered NAIRUs - provide mixed results, being in general not worse than the

ECB Working Paper No |7 e March 2000 35



benchmark but somewhat worse than a simple Phillips curve. This last result, though, is
not robust enough to warrant firm conclusions. The TVP-NAIRU, for instance, does a
better job of tracking inflation when it is measured by the GDP deflator, and shows some
worsening just at the end of the sample: we may yet again be facing an imprecise last-
period estimate of the smoothed series. Nevertheless, the striking fact arising from this
exercise is the apparent but robust link between inflation and the unemployment gap, a

stylised fact in the US and other economies which seems to be at work at the area level.

6.2 Derivation of output gaps

Another useful testing ground for our measures of the NAIRU rests on a widely used
indicator of future inflation: the output gap. Although output gaps have been calculated in
the literature following a number of different methods, one of the most common is the so-
called production function approach. Production functions link observed output and
observed use of factor inputs, a measure of potential output—and hence of the output
gap—being derived by replacing the latter by ‘normal uses’ of production inputs. An
exercise of this kind can be attempted using the NAIRU measures presented beforehand.

A number of shortcuts are necessary to compute potential output, as it is not our goal to
perform a sophisticated exercise. Hence, it is assumed that technology is given by a Cobb-
Douglas production function with constant returns to scale. The wage-share parameter is
taken to be the sample average for the wage income share in GDP, while total factor
productivity is a log-detrended version of the Solow residual. It is further assumed that
capital stock is always optimally used. Potential output is derived by replacing observed
employment by the NAIRU and computing the corresponding output. The resulting
measures have been re-scaled to provide an output gap with an in-sample mean of zero.

Results for the constant-NAIRU, break-NAIRU and TVP-NAIRU are shown in graph 6.1.
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Figure 6.1 Output gap derived from different NAIRU measures

0.06

-0.06

""" constant NAIRU — break NAIRU —— TVP NAIRU

The figure highlights the similar profile of the three series. From close-to-zero output gap
in the early seventies, all measures increase until the first energy crisis, rebound again
afterwards and dip during most of the eighties. After positive values at the turn of the
eighties, they become again negative in the early nineties. Notwithstanding the high
number of similarities, some differences stand out in the graph, in particular as concerns
the output gap levels at the beginning and at the end of the time horizon. A striking one is
the behaviour of the measure derived from the constant NAIRU: it varies from very high
levels in the seventies to very low ones in the nineties. The other measures are smoother,
with the time varying parameter method giving the more stable measure (in terms of
variations around the mean) and the break model lying somewhere in between. This
feature is obviously a mechanical consequence of the way the three measures have been
derived. There is in fact a systematic bias in all of them, the one characterising the
constant NAIRU being the largest, since it clearly overestimates the NAIRU at the
beginning of the sample and underestimates it at the end. The interesting point about this
fact is that allowing for variations in the NAIRU actually increases the plausibility of the
resulting output gaps.

Figure 6.2 compares our measure of the output gap with alternative ones, based on more
standard techniques. The three series depicted are output gaps derived from detrended
output and a Hodrick-Prescott-filtered output, together with the break-NAIRU one.*

Although the three measures do not give completely different pictures in terms of output

“0 This measure was chosen simply because it lied between the other two most of the time.
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gap patterns, it is evident that they present a higher dispersion than those in the previous

graph.

Figure 6.2 Comparison between different measures of the output gap
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-0.04

-0.06

* detrended HP """ break NATRU

7 Conclusions

The analysis presented in this paper has investigated whether the concept of an area-wide
NAIRU and particular measures of it make sense and may hence potentially serve as an
indicator, among many others, for assessing future price developments arising from

pressures in the labour market.

In this light, an exercise aimed at measuring the euro area NAIRU on the basis of a range
of time series techniques and on aggregate data has been carried out. The analysis has
mainly focused on methodological issues, on the usefulness of such techniques when
applied to area-wide data and on the robustness of the resulting estimates with respect to
the choice of the model and to different specifications. A special focus has been put in
deriving NAIRU measures within the context of Phillips curves, in a broad sense, by
estimating a number of alternative specifications embodying different forms of the

concept, although other techniques have also been used.
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The relative simplicity of the empirical methods adopted may be considered somehow at
odds with the complexity of the NAIRU concept itself, which rests often on economic
mechanisms that depend on institutional and deep structural factors. However, the
concept is broad enough to be treated with simple time-series techniques. Furthermore, an
econometric analysis aimed at obtaining meaningful measures of it can be regarded as
being “successful” if it provides a core of different estimates that are not inconsistent with

each other and have similar properties in terms of relationships with other variables.

The results obtained in this paper point to some interesting features. Different measures
of the NAIRU based on Phillips-curve-type relationships seem to be similar and
consistent enough to believe that they are capturing the same concept. Moreover, such
estimates — stemming both from models in which the NAIRU is treated as a constant and
from models in which it is allowed to change over time in a discrete or continuous manner
— seem to be robust with respect to alternative specifications and to the choice of the
inflation indicator. The obtained measures show significant inflation forecasting ability
and yield similar output gap measures, which do not significantly contrast with the
evidence provided by alternative methodologies. Clearly, as already mentioned, each of
these measures is subject to a systematic bias embedded in the estimation technique
adopted, which affects in particular the different level of the various output gaps at the

beginning and at the end of the sample period.

Three main conclusions can be drawn, hence, based on the aspects of the results described
so far. Firstly, the observed unemployment rate seems to be a good leading indicator of
inflation. Secondly, the simple break model, accounting for shifts in trend during the
eighties, seems to perform better than the constant-NAIRU. Thirdly, more sophisticated
versions of time-varying NAIRUs do not outperform the break model. It is logical to
assume that refining the way breaks in trend unemployment are modelled might yield
better leading indicators of inflation. The evidence collected in this paper points to a
visible change in the inflation-unemployment relationship at the beginning or middle of
the eighties. It is highly unlikely that this change took the form of a sudden shift in the
NAIRU, as implied by the break model. The failure of the time varying parameter model
to account more accurately for this shift is probably a consequence of the complex nature
of the latter. A more refined modelling of the NAIRU is hence a research strategy worth

pursuing.

Last but not least, it is interesting to briefly recall the aggregation problem discussed in

the introduction. If the conclusion that there was a shift in the euro area NAIRU is
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accepted, this implies that there was a general move in this direction all over the countries
in the area, or at least in those accounting for the largest share of aggregate
unemployment. The alternative view would be that only national unemployment rates
matter because they are buffeted by country-specific shocks, and that movements
observed at the aggregate level are devoid of information, i.e. random. This paper
challenges this view, and proposes an alternative one by which some of the shocks
affecting the area’s labour markets were common across countries. The chosen modelling
strategy, on the other hand, precludes any further analysis of the sources of these common

shocks, or of their degree of commonality.
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Annex A

Phillips curves are a widespread tool of analysis thanks to their inherent simplicity and
the ease with which they can be understood. Notwithstanding that, there are potential
pitfalls in their use that should be avoided, particularly as relates to monetary policy. As
already explained, the framework underlying the approach followed in this paper is the
natural rate hypothesis, which postulates that the real economy is in the long run
independent from monetary policy. The way this statement has been embodied in this
paper is by assuming static and dynamic homogeneity, i.e. by postulating equations with
some form of nominal zero-homogeneity property in price levels and first differences. In
a nutshell, this property ensures that in the long run the price system can be expressed in
terms of relative prices, no nominal anchor being part of the system. Obviously, this
implies that the price system equations are unable to tell much about inflation at any

relevant time horizon.

In more formal terms, equations (A.la) and (A.1b) may describe a (simplified) version of
a price system of an economy. The first one is a price equation which links the price level
p to a measure of costs labelled as c. This measure may be understood as unit labour
costs—i.e., wages minus labour productivity—to remain within the approach followed in
the text. Other factors affecting prices and costs are collected in the variables z” and z“.
These variables are all assumed to be non-trended and independent in the long run from
nominal factors. The unemployment gap could form part of both. Lags and leads of the
relevant variables enter through the lag-polynomials A,(L), A.(L), B.(L) and B,(L).
Obviously, leads in the equations are to be understood as expectations of the

corresponding variables.

A4,(L)-p=A4.(L)-c+z’ (A.la)
B.(L)-c=B,(L) p+z° (A.1b)

A reduced-form analogue of the system is expressed in (A.2), where costs have been
substituted in (A.la) by their expression in terms of prices—i.e., by inverting (A.1b)."
Static homogeneity holds if and only if the sum of lags-leads in prices adds up to zero,
which means that the equation (A.2) can be re-expressed in terms of inflation (4(L) has a

unit root). In turn, dynamic homogeneity holds if and only if the sum of lags-leads of

41 Assuming that p and c are of the same order of integration ensures that B.(L) is invertible.
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inflation in the transformed equation also adds up to one (A(L) has two unit roots). In this

case, the equation can be re-expressed in terms of accelerations in inflation.*

A(L)-p=z,
where A(L)=[4 (L)— 4,(L)-B.(L)"-B,(L)] (A2)
and where z= A (L)-B.(L)" -z° +z"

In terms of the original system, it is sufficient for static homogeneity to hold that
Ap(1)=A4L1) and B.(1)=B,(1), i.e. for the sum of lags and leads in the lag-polynomials of
each equation to be equal. Under this assumption, the system can be re-written as in
(A.3a) and (A.3b), where the long-run behaviour of the system has been isolated in the
lagged term p-c.* It is worth pointing out that static homogeneity is a linear restriction
that does not affect the order of integration of the variables, but nevertheless the lagged p-

¢ term would become an ECM term should prices and costs be integrated of order 1.

A(L)-Ap =4, (L)-Ac—A4,(1)-(p—c), +2" (A.3a)
B.(L)-Ac=B,(L)-Ap—B.(1)-(c—p), +z° (A.3b)

Correspondingly, dynamic homogeneity holds in (A.3) if A; ()=4.(1) and
Bz (H= B; (1), in which case the previous operation can be repeated, and the system re-

written as in (A.4). Again, the fact that variables enter in second differences is an
expression of the linear restrictions assumed, but is not a statement of the stationarity

properties of the data.

AL Np=A4" (L) Nc-4,0)-Ap-c),—4,D)-(p—c),+z"  (Ada)
BI(L)-Nc=B,(L)-Np-B.(1)-Ale-p) , -B.()-(c=p) , +2°  (A4b)

One interesting feature of these equations is that the system describes the behaviour of
relative prices (in the form of p-c¢) up to short-term developments. In other words, the
system evolves most of the time through the space spanned by relative prices, with
occasional and short-lasting departures. These departures are an important element of
reduced-form Phillips curve like (A.2): Phillips curves embodying dynamic homogeneity

2 In which case expression (2.2) in the main text applies.

Given a non-null lag-polynomial &(L), its starred version &'(L) results from adding and subtracting its
lagged long-run value, AL)=[AL)-A1)L]+A1)L, and noting that the term in squared brackets has a unit
root that can be factored out, AL)=[6(L)(1-L)]+ &1)L. The long-run terms of the variables can then be
grouped due to the assumption that they all have the same value.
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cannot be used to analyse medium- and long-term inflation developments. To see why,
notice first that the presence of p-c in levels in both equations implies that in steady-state
both variables will grow at the same speed (which we will assume stable). Otherwise, an
ever-widening gap would appear between the two, for which no variable in the equation
could account. This means that A(p-c), A'p and A’c will all be zero in the steady-state,
implying that the final level of the real cost (real wage devoid of productivity, in this
case) will be a linear combination of the variables z” or z°, and will thus not depend on
nominal factors. Thus, although unemployment or the unemployment gap may prove in
this context to be a good indicator of inflationary pressures, it cannot be treated as a

variable determining the future path of nominal variables.
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