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ABSTRACT/RESUME

This note gives a brief survey of main theoretical and empirical issues with respect to the
NAIRU concept.  According to modern labour market literature NAIRU is defined as the rate of
unemployment at which inflation stabilises in the absence of any wage-price surprises.  Conventional
thinking about the equilibrium unemployment rate assumes that in the long run NAIRU is determined
solely by supply side factors of the labour market.  We show that quite complex adjustment dynamics may
arise even in simple log-linear wage-price models.  Furthermore we provide a survey on a number of
“hysteresis-mechanisms” which could lead to permanent shifts of equilibrium unemployment over time,
implying that an unique long run NAIRU may not even exist.

In addition to theoretical issues we refer to two serious problems which might arise with
empirical applications of the NAIRU concept.  First various empirical studies suggest that results highly
depend on model specifications.  Second a considerable amount of statistical imprecision is inherent in the
results obtained from empirical estimates.

For these reasons, we argue, that policy conclusions drawn from the NAIRU concept must be
judged with utmost care, particularly since in many countries a number of labour market measures as well
as monetary policy are based on this concept.

*****

Cet article fournit une brève revue des principales questions théoriques et empiriques concernant
le concept de NAIRU. Selon la littérature récente portant sur le marché du travail, le NAIRU est défini
comme le taux de chômage qui stabilise l’inflation en l’absence de toutes surprises sur l’évolution des prix
et des salaires. L’approche conventionnelle du taux de chômage d’équilibre suppose qu’à long terme, le
NAIRU est uniquement déterminé par des facteurs d’offre affectant le marché du travail. On montre que
des ajustements dynamiques relativement complexes peuvent exister même dans des modèles log-linéaires
simples de formation des prix et des salaires. En outre, cet article passe en revue un certain nombre de
“mécanismes d’hystérèse” pouvant provoquer des variations temporelles permanentes du taux de chômage
d’équilibre, ce qui implique qu’un NAIRU de long terme peut ne pas exister.

Outre les problèmes théoriques, il est mentionné que les applications quantitatives du concept de
NAIRU se heurtent à deux sérieux problèmes. En premier lieu, diverses études empiriques suggèrent que
les résultats d’estimations du NAIRU sont très sensibles au choix de spécifications des modèles.  En
second lieu, les résultats des estimations obtenues sont affectés d’une imprécision statistique très
importante.

Pour ces raisons, on considère que les conclusions de politique économique tirées à partir du
concept de NAIRU doivent être analysées avec la plus grand prudence, en particulier puisque dans de
nombreux pays, un certain nombre de mesures d’ajustement du fonctionnement du marché du travail ainsi
que la politique monétaire sont fondées sur ce concept.

Copyright:  OECD, 1997
Applications for permission to reproduce or translate all, or part of, this material should be made to:  Head
of Publications Service, OECD, 2 rue André-Pascal, 75775 PARIS CEDEX 16, France.
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I .  CONCEPTUAL ISSUES

Karl Pichelmann1 and Andreas-Ulrich Schuh2,3

Basic concept

1. The conventional framework for thinking about unemployment in an imperfectly competitive
world nowadays pictures the labour market equilibrium in terms of the intersection between a downward-
sloping aggregate labour demand curve and an upward-sloping wage setting curve in real wage-
employment space (c.f. Bean, 1994).

Figure 1:

LL is the competitive labour supply schedule, for simplicity, drawn assuming a common reservation wage
across the whole labour force and totally inelastic labour supply above that level.  The wage-setting curve
WW represents the real wage that emerges, at any given level of employment, from wage bargaining or the
operation of efficiency wage mechanisms.  The labour demand schedule (or more accurately, the price-
employment schedule) NN depicts firms’ optimal price and employment decisions, given the nominal
wage they face and their existing stock of capital. In the long run, when capital can be adjusted, and with
constant returns to scale, the long-run labour demand schedule can be drawn as NN*.

                                                  
1. Institute for Advanced Studies, Vienna.

2. Ministry of Finance, Vienna.

3. This paper has been submitted by the Austrian Delegation as a contribution to the discussion in
Working Party 1 of the Economic policy committee:  “The NAIRU:  Concept, Measurement and Policy
Implications, at the Working Party’s meeting in Paris October 1996.  The paper represents the opinion of
its authors and not that of WP1 or the Governments of OECD countries.



5

2. The above framework has also been phrased in terms of a “Battle of the Mark-Ups” reflecting the
general idea that in the short-run it is inflation (or a current account deficit), but in the long-run it is
unemployment which reconciles competing claims on overall output.  A simple formal exposition may
help to clarify the points.

Firms

p - we = β
0
 - β

1
u [1]

set prices as a mark-up over expected wages, with β0 denoting “price-push” factors (e.g., oil shocks,
productivity slowdown), and with the mark-up depending (at least in the short-run) upon the state in the
labour market.

Workers:

w - pe = γ
0 
- γ

1
 u [2]

demand wages in relation to expected prices, with γ
1
 > 0 because of union bargaining or efficiency wage

considerations, and with γ
0
 denoting “wage-push” factors (e.g. unemployment benefits, union power).

Solving for u yields

u = (β
0
 + γ

0
 ) / (β

1
 + γ

1
 ) - 1/ (β

1
 + γ

1
 ) [ p - pe  +  w - we ] [3]

Clearly, when there are no wage-price surprises

u = (β
0
 + γ

0
 ) / (β

1
 + γ

1
 ) = u* [3’]

with u* denoting the no-surprise equilibrium rate of unemployment.

In order to pin down the underlying inflation-unemployment trade off, assume that real wages equal
expected real wages and expected inflation equals last year’s inflation, to obtain

∆π =θ
1
 (u* - u) [4]

3. This is a standard accelerationist Phillips-Curve giving rise to a vertical aggregate supply
schedule in inflation/employment space.  Inflation will only remain unchanged in this setting, when actual
unemployment equals u*.  Thus, the effects of aggregate monetary and fiscal policy, as well as of other
types of demand shocks, are in the long-run constrained by this fundamental supply-side relationship.
From this perspective, the only sustainable way to bring down unemployment is to reduce u*.

4. The model is usually closed by introducing a conventional downward sloping aggregate demand
schedule whereby lower prices elicit higher demand via real balance effects (and/or lower interest rates,
improved competitiveness).  Thus, demand disturbances may lead to cyclical unemployment, i.e.,
deviations of actual unemployment from its equilibrium level as defined above.
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5. In the simple framework outlined above, movements in unemployment can be caused by shifts in
aggregate demand giving rise to cyclical unemployment, and by shifts in the price or wage-setting
schedules which change equilibrium unemployment.

6. The textbook story claims that negative (positive) demand disturbances may temporarily push
actual unemployment above (below) its equilibrium level, but over the medium term the ensuing process
of disinflation (inflation) will inevitably drive unemployment back to equilibrium.  The conventional story
then continues to argue that the degree of nominal inertia is simply not high enough to explain the
sustained increase in unemployment in Europe.  Thus, the story concludes there must have been
unfavourable shifts in the fundamental supply-side determinants of the NAIRU.  The policy implication
then, of course, is to press for supply-side reforms.

7. However, despite considerable efforts, it has been hard to identify changes in the basic
determinants of equilibrium unemployment large enough to account for the observed trend increase in
actual unemployment.  Consequently, the alternative hypothesis has been put forward that unemployment
may be strongly dependent on its own history (“hysteresis”).  According to this view, current equilibrium
unemployment is not independent of past actual unemployment, because of endogenous mechanisms that
tend to translate movements in actual unemployment into changes of equilibrium unemployment.
Obviously, the presence of such mechanisms blurs the simple-minded distinction between demand and
supply factors because demand shocks end up having longer-term supply consequences.

8. Before discussing the hysteresis issue in somewhat more detail, we note in passing that even in a
standard (log)-linear NAIRU model the dynamic response to shocks may be more complex than
conventional theorising asserts.  This can be shown by combining the aggregate-supply-schedule.

∆π =θ
1
 (u* - u) [4]

with a standard AD-schedule incorporating quantity theory and Okun’s law

m - p = y -v [5a]

y* - y = λ (u - u*) [5b]

Assuming velocity to be constant, taking the first derivative results in

∆u = 1/λ (π - ∆m) [6]

9. Obviously, the steady-state solution for equations [4] and [6] has inflation equal to nominal
money growth and actual unemployment equal to equilibrium unemployment.  However, it should also be
noted that [4] and [6] render a system of Volterra-Lotka type equations, where the eigenvalues of the
characteristic equation are pure imaginaries;  thus, any disturbance to the steady state results in perpetual
cycles in the inflation-unemployment space (van der Ploeg,  1993).

10. Another interesting implication arises when the impact of unemployment on (log) wages is
assumed to be non-linear.  Recall in that respect that the relevant relationship is known as the Phillips
curve rather than the Phillips line.  Suppose, for example, that the inflation rate is driven by the divergence
between the logarithm of unemployment and the logarithm of the natural rate.

∆π =θ
1
 ( log u* - log u) [4’]
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Then, even if the log of unemployment is on average equal to the log of the natural rate, the average level
of unemployment will be larger the greater the variance of unemployment4.  This result thus produces the
intuitively appealing result that countries which conduct stabilisation policy better will have a lower
average unemployment rate (Fischer, 1994).

Hysteresis and the Interaction between demand and supply-side policies

11. The distinguishing feature of a process characterised by hysteresis is that the behaviour of the
process cannot be described by reference to state variables alone;  instead in addition to state variables the
past history of the process has to be invoked in order to explain its behaviour.  Loosely speaking, the
hysteresis hypothesis suggests that the experience of the journey may, by itself, lead to alternating the
route and delaying arrival and possibly even to a change in the final destination.  In economic terms this
means that the attained equilibrium position of an economic system depends on its own history and may
therefore exhibit some degree of indeterminacy.

12. The following simple technical exposition may be helpful in clarifying how traditional economic
thinking about the trade-off between unemployment and inflation is altered when the evolution of
unemployment is subject to hysteresis effects.  As a starting point, consider the following general
formulation of the Phillips curve:

π = πe + θ
1
 (u*- u) [7]

where π and πe denote, respectively, the actual and expected rates of inflation and u is the rate of
unemployment.  Equilibrium unemployment (the so-called NAIRU) corresponds to the steady-state
situation when actual inflation is equal to expected inflation, so that u= u*.  Then, u*  itself is usually
assumed to be determined by a set of structural factors affecting the demand and supply side of the labour
market, but to be invariant with respect to business cycle conditions.  Thus denoting the relevant
explanatory variables by X.

u* = bX [8]

13. The possibility of hysteresis arises when equilibrium unemployment in a given period also
depends on actual unemployment in the past, as e.g.

u*(t) = α u(t-1) + bX [9]

In a steady-state, where actual inflation is equal to expected inflation and unemployment is constant,
equilibrium unemployment is now given by

u* = bX/(1-α) [10]

14. As can be immediately seen from the above equation, when last period’s actual unemployment is
fully translated into equilibrium unemployment in the next period (the case α=1), then steady-state
equilibrium unemployment is no longer uniquely defined.  Any change in actual unemployment, e.g.
brought about by macroeconomic policies, would also alter the NAIRU by the same amount;  such a
situation has been labelled as pure hysteresis.  When actual unemployment feeds only partly into future
                                                  
4. Suppose that (log u - log u*) is normally distributed with mean zero and variance σ2.

Then E(u) = exp (log u* + 1/2 σ2).
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equilibrium unemployment (the case 0 < α < 1) there is persistence in unemployment in the sense that the
NAIRU evolves only slowly towards its steady-state level.  In such a situation, the short-run NAIRU - 
meaning the level of unemployment at which there is no current upwards or downwards pressure on
inflation - always lies between steady-state equilibrium unemployment and last period’s actual
unemployment.  This carries the unpleasant implication that high unemployment can only be slowly
reduced to its long-run equilibrium level (“speed limits”) if temporary increases in inflationary pressures
are to be avoided.  However, the dynamic trade-off between unemployment and inflation is likely to be
more complicated than in the simple example outlined above.  For example, unemployment may cycle
after a one-off shock before it converges to its steady-state level.  Thus, it can be the case that in the wake
of a shock the short-run NAIRU even exceeds actual unemployment, implying that it takes additional
unemployment to get inflation down in the short-run.  Furthermore, persistence effects may be
asymmetric, in the sense that upwards movements in actual unemployment are more easily translated into
higher short-run equilibrium unemployment than vice versa.

15. The conventional way to introduce hysteresis mechanisms into the analysis is by adding into the
wage equation an additional term denoting the change in unemployment

w - pe = γ
0
 - γ

1
u - γ

2
∆u [11]

where in the case of pure hysteresis it is only the change term that matters.  Thus, most explanations for
hysteresis generating mechanisms focus on the behaviour of labour market participants, changes in their
productive capacity caused by unemployment, and on the resulting consequences for wage bargaining and
the matching process between workers and jobs.  The general idea is a distinction between insiders and
outsiders in the labour market carrying different weights in the wage bargaining process.  When
unemployment by itself tends to reinforce the outsider status of those affected, then the moderating impact
of higher unemployment on wages will vanish over time.  The same result will emerge when the
(employed) insiders have sufficient market power, probably fostered by employment protection
regulations, to safeguard their income claims and employment status against outside labour market
conditions.  Finally, a growing number of unemployed outsiders may create information distortions in the
labour market, thereby making it more difficult to form suitable matches between workers’ characteristics
and the skill requirements of potentially available jobs.

16. The hysteresis generating mechanism that has gained most attention operates through changes in
human capital in a broad sense.  According to this view, prolonged periods of unemployment may lead to
a deterioration of skills and important attitudinal aspects of the work ethics and motivation of individual
job seekers.  And, obviously, when out of work, there are no opportunities for learning-by doing and on-
the-job  training.  The loss of skills during unemployment may also lead to duration dependence in the
probability of leaving unemployment, i.e. the likelihood that unemployed workers move to employment is
likely to fall as the duration of unemployment increases.  Furthermore, discouragement effects may over
time loosen the attachment to the work force resulting in reduced job search intensities.

17. Even when the quantitative importance of human capital depreciation is considered to be fairly
small, the mere fact of being out of work for a long time may convey a negative signal about worker’s
productivity to potential employers.  Consequently, the long-term unemployed may over time receive
fewer and fewer job offers and may, finally, be even regarded as unemployable.  The resulting
disattachment from the labour market implies that the long-term unemployed may exert little or no
downward pressure on wage increases.  Moreover, a growing number of inefficient job-seekers in the pool
of the unemployed may reduce the speed by which vacant jobs can be filled by suitable candidates.
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18. When specific skills are an important aspect of the employment relation, involuntary separation
from a job may imply long waiting periods for re-employment;  and when the loss of specific skills and
the associated wage premium eventually has to be accepted, specific capital no longer provides a buffer
between productivity and the value of employment elsewhere or non-employment, so turnover from new
jobs, probably associated with recurrent unemployment, may be rapid.  Loosely speaking, the argument is
that any negative shock to employment is likely to produce another cohort of restarting workers - quite
similar in labour market behaviour of young workers - and, thereby, raise equilibrium unemployment.

19. Another major strand of reasoning puts the emphasis on the wage-bargaining behaviour of the
employed insiders and on the role of adjustment costs.  For example, when unions bargain mainly on
behalf of the incumbent workforce, then a temporary adverse shock to employment will tend to perpetuate
itself, because real wage demands are adapted to the now smaller number of employed insiders.  More
generally speaking, shifts in the employment composition in favour of groups facing little risk of
unemployment may affect the overall bargaining stance of unions and thus reduce the wage-moderating
impact of a given rate of unemployment.

20. For insider effects to persist, the employed insiders must command some degree of market
power.  This could stem from several sources such as training costs or statutory seniority systems, but also
various forms of job security legislation.  While the resulting reduction in turnover may well be in the
interest of both the firm and the workers, the crucial point with regard to the persistence issue is that
turnover costs may make it difficult for outsiders to provide efficient competition for jobs.

21. In addition to the supply side mechanisms described above there may also exist a number of
important demand side effects which could lead to a change in equilibrium unemployment.  The simple
model below illustrates possible demand side effects which could play a significant role.  Equation [1]
describes price setting of firms under imperfect competition.  Extending the basic model allows to
illustrate possible “price push” factors whereby product demand changes could have an impact on
equilibrium unemployment.

22. Consider the following model of the labour demand curve, proposed by Lindbeck/Snower
(1994).  Assume a fixed number of identical firms (F) each maximising its present value of profits (PV):

PV = Σ
t
 δt (P

t
 q

t
- W

t
n

t
 - R

t
 k

t
) [12]

subject to an aggregate product demand function:

Q = (P/Π, X/Π, A) [13]

a conjecture function describing the imperfectly competitive interactions between the firms:

d(Qe-q)/dq = c-1 5 [14]

the firms production function:

q = h(n,k) [15]

                                                  
5. The equation depicts the firms expectations about the rivals reaction to an increase in its own production

by one unit (q); the value of the parameter c describes the competitive behaviour of the market (i.e.: c=0
≈ perfect competition; c=F ≈ Cartel behaviour; c = 1 ≈ Cournot behaviour).
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and a predetermined nominal wage W.  Here P is the product price, Π an aggregate price index, X stands
for nominal endowments, A is an exogenous shift parameter, q, Q is the output of the individual firm and
aggregate output respectively and c describes the firm’s interactions with it s rivals.

The first order conditions are:

1−






 =c

F
h n k W Pn t t t tη.

( , ) / [16a]

1−






 =c

F
h n k R Pk t t t tη.

( , ) / [16b]

where η is the price elasticity of product demand.

23. This basic model which is commonplace in microeconomic theory allows to describe a broad
spectrum of possible channels whereby product demand could have a persistent impact on
(un)employment.  First, if wages and prices were sluggish changes in product demand would have a direct
impact on employment.  However, this standard Keynesian argument may be of importance primarily in
the short run.  New Keynesian theories (menu cost theory, theory of near rationality, wage-price staggering
theory) provide a firm microeonomic basis to explain the origin of wage-price stickiness.

24. In addition to the traditional Keynesian explanations, equations [16a,b] point to a number of
plausible channels which could lead to persistent changes in labour demand due to changes in product
demand.  So, if the marginal product of labour and (or) capital change6 in response to exogenous shifts in
product demand this would lead to a change in labour demand.  Government spending on industrial
infrastructure investment generating an increase in labour productivity and thereby shifting the labour
demand curve outwards constitutes one example of a corresponding shift in labour demand.  As this
mechanism operates especially in the long run it has been cited as a possible explanation of long run
movements of equilibrium unemployment as relatively low unemployment rates in the OECD area during
the 1950s and 1960s coincided with a significant build up of industrial infrastructure, whereas the general
slowdown of infrastructure investment since the mid-70s was accompanied by a significant rise in OECD
unemployment.

25. Shifts in product demand could lead to changes in the competitive interactions between firms via
the intensity of competition (c) or the number of firms (F).  In line with a long standing tradition it can be
argued that oligopolists may behave more competitively in a boom, so that a rise (fall) in product demand
would shift the labour demand curve outwards (inwards).  Furthermore Pagano (1990) and Snower (1983)
have shown that increases in product demand can induce the entry of new firms, which would shift the
labour demand curve by influencing product market competition.  These arguments could in part explain
the different evolution of unemployment in Europe and the United States.  The greater ease of entry of
firms in the US might for example explain the higher reductions in unemployment achieved in the US
compared to Europe during the recent recovery.

26. If movements of product demand influence the real user cost of capital (the real interest rate,
R/P), this would lead to a corresponding adjustment of the capital stock which would shift of labour

                                                  
6. An increase in hn or hk at a given real wage (W/P) under the standard assumptions of hn>0, hnn<0, hnk > 0

leads to an increase in employment.
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demand curve7.  Product demand may influence the real interest rate via changes in the risk premium on
investment (as argued by Greenwald/Stiglitz 1988) or via monetary policy.  In addition, Phelps (1994)
pointed to a number of channels whereby changes in the real interest rate may shift both the labour
demand and the wage setting schedule.  The effect of the real interest rate on labour demand could
possibly explain the adverse employment effect of high budget deficits and rising debt ratios in many
OECD countries that might have induced a rise of real interest rates and thereby may have shifted the
labour demand curve inwards.

27. Finally, changes in the composition of demand may induce a move of the aggregate price
elasticity of product demand (η) which, again, would lead to a shift in the labour demand curve.

                                                  
7. Holding the real wage constant the effect of a change of the real rate of interest can be obtained by total

differentiation of [16a] and [16b], set N = F.n and solving for employment:

dN

d R P

h

h h h
c

F

nk

nn kk nk

( / )
[ ( ) ]

=
− −







2 1

η
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II.  MEASUREMENT ISSUES

Time Series approaches

28. The discussion in Section I indicated, that there seems to exist a broad consensus among
economists that there exists, at least in the long run, a unique “equilibrium unemployment rate” i.e. the
“NAIRU” which is consistent with stable inflation.  In practice rules for the conduct of monetary policy,
or programmes to reduce unemployment are guided by empirical estimates of the NAIRU.  The
construction of estimates of the NAIRU, however, suffers from the fundamental problem that the NAIRU
is an unobserved variable, so that there exists leeway for a broad range of plausible methodological
approaches for the estimation of the equilibrium unemployment rate.

29. A widely used method to construct estimates of the NAIRU relies on time series methods which
are based solely on data on the unemployment rate.  Univariate methods proceed by decomposing the
unemployment rate into a deterministic and a stochastic component.  The deterministic component of the
series is then interpreted as the “equilibrium unemployment rate” whereas the stochastic component
represents the “cyclical” development of the unemployment rate.  In order to obtain an estimate of the
“NAIRU” it has to be ensured that the deterministic part of the unemployment rate is uncorrelated to
inflation.  This approach has various advantages:   It is easy to construct estimates of the NAIRU and
theoretical issues (i.e. misspecification of the “model”) can be avoided to a large extent.

30. The simplest univariate specification assumes that the unemployment rate is a realisation of a
stationary process, with its expectations being the (time-constant) NAIRU.

u u et i t i
i

p

t= +−
=
∑φ

1

[17a]

where the random variable et ≈ iid with mean 0, satisfying

E u ut[ ] = [17b’]

E[ut-ut-1] = 0 [17b’’]

Note that this specification would be in accordance with the basic model described in Section I, which
would , in the absence of any changes of structural factors of the labour market, imply that the equilibrium
unemployment rate is constant over time.  A look at the OECD unemployment rates reveals, however, that
actual unemployment rates exhibit considerable deviations from the long run mean over time.  According
to the discussion in Section I this could be due to changes in the structural factors of the labour market, so
that the equilibrium unemployment rate shifts from time to time.  This possibility is taken into account
when constructing estimates of the NAIRU which allow for “breaks” in the series, so that [17b] becomes:
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E u ut i[ ] =    if ti-1 < t < ti;  i = 1,....,I [18]

A problem arises within this model as the breaks are treated as being known with certainty.  In practice
however, it is difficult to determine the exact timing when the NAIRU might switch from one regime to
another, so that an additional source of imprecision is added to these estimates.

31. However since the 1980s a growing number of empirical studies suggests that the equilibrium
unemployment rates, especially in Europe, may be described by non-stationary time series, i.e. that they
follow a stochastic trend so that

E u E ut t t[ ] [ ]= +−1 η [19a]

or

u u at t t− = +−1 η [19b]

the parameter a representing the deterministic and η the stochastic component of the trend.

32. This implies that an “equilibrium” value does not exist to which the unemployment reverts in the
long run.  This specification of the NAIRU concurs with the theoretical view, described in Section I, that
hysteresis factors are at work at the labour market, i.e. that the NAIRU depends on the historical evolution
of actual unemployment.

33. Structural Time Series Models as proposed by Harvey (1989) represent an appropriate
methodological tool to construct estimates of the (unobserved) stochastic components of unemployment
rates.  These models assume, that the NAIRU may be driven by simple but flexible stochastic processes.
A standard specification of a univariate structural time series model of the NAIRU looks as follows:

ut = u*

t+ uct + it [20a]

u*

t- u
*

t-1 = at-1+ et [20b)

at = at-1 + ηt [20c]

where u is actual unemployment, u* represents the trend unemployment rate, which may then be
interpreted as the NAIRU, uc is the cyclical unemployment rate, which follows a stochastic cycle.

Wage-Price Models

34. The fundamental drawback of the time series approach for the estimation of the NAIRU is that it
is atheoretical in the sense that it does not provide causal explanations for the development of the
“equilibrium” unemployment rate.  Estimates based on the univariate time series methodology therefore
form no sound basis for policy interventions as they leave the interactions between the economic variables
indeterminate.

35. Econometric models based on the theoretical model described in Section I take the
interdependence between economic variables into account.  Empirical results obtained from these models
thus allow for causal interpretations of the NAIRU estimates.  In contrast to time series models
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movements of the NAIRU are “explained” by various labour market variables (i.e. wage or price pressure
elements as described in Section I) which are inserted into the empirical models.

36. One commonly applied method to estimate the equilibrium unemployment rate is based on the
wage equation described in Section I [11], written in log-linear form:

∆ ∆(log( ) log( )) ( )(log( ) log( )) ( ) log( ) log( )w p L U NAWRU U x Zt t t t
e

t t t t w t− = + − − − + + + +β β π π β β β β ω0 1 2 3 4 5 [21]

where NAWRU represents the equilibrium unemployment rate, x depicts productivity and Z
w
 are variables

representing wage pressure elements (such as unemployment benefits, taxation, labour market mismatch,
employment protection etc.) and the change of the unemployment rate is inserted to capture possible
hysteresis effects.  Thus, the NAIRU may move over time due to changes in wage pressure elements or as
a consequence of hysteresis effects.  As this specification relates wage inflation rather than price inflation
to movements of the unemployment rate corresponding estimates of the equilibrium unemployment rate
are referred to as the NAWRU (Non-Accelerating wage rate of unemployment).  By imposing the long run
homogeneity restriction, namely that real wage growth must be proportional to productivity growth, this
specification implies that it is possible to analyse the long run equilibrium properties of the equilibrium
unemployment rate.

37. In order to construct an estimate of the NAWRU a model for inflationary expectations has to be
developed for the estimation of the equation.  A commonly used approach is to use lagged inflation rates
as a proxy for “price surprises”.  Alternatively some consensus or median forecast of inflation can be used
in order to depict “expected inflation”.  Another commonly used possibility to construct estimates of the
NAIRU is to use the standard Philips-Curve relation [4]:

π π β δ π π γt t
e

t t t t
e

t tL u NAIRU L L X e− = − + − + +− − −( )( ) ( )( ) ( )1 1 1 [22]

where π(e) represents (expected) inflation, L is the lag operator and X represents additional regressors
included in some empirical specifications.  As in the case of the NAWRU-estimates described above there
arises the need for a model of inflationary expectations.  This specification forces the equilibrium
unemployment rate, the NAIRU, to satisfy the steady state condition that expected inflation must equal
actual inflation.  A drawback of the Philips Curve formulation is that “surprises” of nominal wage
inflation (deviations of actual wages from their expected values) have to be treated as non-existent.

38. The discussion in Section I indicated that both price setting and wage formation incorporate
important information on the development of the NAIRU.  It should thus be expected that estimates of the
NAIRU can be improved by analysing both price and wage setting.  This can be achieved by combining
the wage setting curve [21] with the price setting schedule [23]:

D(log(pt ) log(wt )) a0 a1(L)D(log(wt log(wt
e)) a3log(yt ) a4log(Zpt

) et- = - - + - + [23]

where y is the level of output market activity and Z
p
 captures “price pressure” variables as described in

Section I.

39. An estimate of the NAIRU is then constructed by simultaneous estimation of equations [21] and
[23] and solving for unemployment.  This method allows to impose homogeneity restrictions both on price
setting and on wage formation and thus implies that the estimate of the NAIRU satisfies the necessary
conditions for the labour market equilibrium as described in Section I.  The estimation of a wage-price
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system enables us to distinguish between the impact of structural factors on wage formation and price
setting respectively.

Confidence Margins

40. Although there exists a great number of empirical estimates of the NAIRU there is an apparent
lack of discussion about the precision of these estimates.  In fact two fundamental types of uncertainty
exist which may contribute to the imprecise measurement of the equilibrium unemployment rate.  The first
source of uncertainty arises from the fact that the NAIRU is an unobserved variable which leaves room for
a number of plausible empirical models for the measurement of the NAIRU.  Different specifications lead
in general to different point-estimates of the level of the NAIRU.  The exposition above provided an
overview about different possible approaches to the measurement of the equilibrium unemployment which
concur with the theoretical model of the NAIRU.  The most important difficulty in this context arises from
the possibility that in the long run the level of the NAIRU may be indeterminate, i.e. that the NAIRU may
be stochastic by nature.  Three examples might clarify the point.

41. First Setterfield/Gordon/Osberg (1992) constructed 67 different specifications for the estimation
of the NAIRU of the Canadian labour market.  Resulting point estimates of the NAIRU were in the range
from 4.42 per cent to 9.88 per cent.  The main findings of the study point to the significant impact of the
length of the estimation period and of the specification of various variables (productivity growth, the
model of inflation expectations etc.) on the NAIRU-estimates.

42. Second Staiger/Stock/Watson (1996) constructed estimates of the NAIRU for the United States,
using a variety of different specifications.  They report point estimates of the NAIRU for 1990 reaching
from 5.55 per cent to 7.37 per cent.

43. Finally Figure 2 contains two different estimates of the NAIRU in Austria.  The “time-series
model” (Hahn/Rünstler, 1996) represents a NAIRU estimate based on a bivariate Structural Time Series
Model for GDP and the unemployment rate.  The authors found that according to the best specification the
Austrian “equilibrium unemployment” rate follows a smooth stochastic trend8.  On the other hand, the
“structural model”-estimate (Pichelmann, 1996) results from the simultaneous estimation of a wage-price
model of the Austrian labour market (for details see Annex).  These two studies end up with two
distinctive conclusions about the nature of the equilibrium unemployment rate.  Whereas the time series
method leads to the assessment that the long run NAIRU is indeterminate, the structural model supposes
that the long run NAIRU can be identified by a limited number of supply side factors.  Consequently
Figure 1 reveals that the estimates differ significantly not only quantitatively but also with respect to the
assessment of the cyclical position of the actual unemployment rate.

                                                  
8. Specifically this means that the irregular component it and the random walk shock et were set to zero

according to the structural time series model described in [20].  The estimate satisfies the NAIRU
condition that it is neutral with respect to inflation.
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Figure 2:

NAIRU Estimates for Austria
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Source:  Pichelmann (1996) and Hahn/Rünstler (1996).

44. The second source of uncertainty stems from the fact that it is impossible to determine the exact
values of the parameters using statistical methods.  According to all empirical specifications the NAIRU
represents a combination of stochastic variables and parameters, leading to imprecision in measurement.
Computing confidence intervals for the point estimates of the equilibrium unemployment rates gives an
idea on the magnitude of imprecision of conventional methods for the calculation of the NAIRU.
Staiger/Stock/Watson (1996) calculated (95 per cent Gaussian) confidence intervals for the NAIRU in the
United States.  By conducting a sensitivity analysis they showed that Gaussian confidence intervals in fact
provide a good description of the uncertainty surrounding the point estimates of the NAIRU.  They report
that the confidence intervals are at least 2 percentage points around the point estimate of the NAIRU.
Moreover these confidence intervals in many cases cover most of the values of observed unemployment
rates.  From that it follows that in most cases it is not even possible to argue based on the statistical results
that the “equilibrium unemployment” rate is different from the actual unemployment rate.

45. The European Commission (1995) reports (90 per cent Gaussian) confidence intervals for
NAIRU estimates of the EU-12 over the period 1972-1994. According to the European Commission the
NAIRU of EU-12 was in the range between 2.8 per cent-18.8 per cent in 1994, the point estimate being
6.1 per cent.
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III.  CONCLUSIONS

46. Undoubtedly the NAIRU concept is a useful way to organise thinking about unemployment and
inflation.  The NAIRU model provides a simple framework to analyse a broad variety of labour market
issues.  A holistic interpretation of the concept, however, needs to take into account the considerable
theoretical complexities involved.  First quite complex adjustment dynamics arise even in simple log-
linear wage-price models.  Second the interactions between supply and demand side factors may lead to
shifts in the price-wage setting schedules.  This can lead to fluctuations of the equilibrium unemployment
rate over time.

47. Given these theoretical complexities serious measurement problems should come as no surprise.
The empirical application of the NAIRU concept faces two main impediments.  Various empirical studies
suggest that results highly depend on model specifications.  Furthermore a considerable amount of
statistical imprecision is inherent in these results.

48. For these reasons, policy conclusions drawn from the NAIRU concept must be judged with
utmost care, particularly since in many countries a number of labour market measures as well as monetary
policy are based on this concept.
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APPENDIX

WAGE FORMATION IN AUSTRIA 1967-1994

A Note

Summary

In this note we use a fairly conventional bargaining framework to analyse aggregate wage
formation in Austria. The general specification follows the “Battle of the Mark-Ups” approach as set out
e.g. in Layard, Nickell and Jackman (1991).  The model has already been applied to Austrian data by
Pichelmann (1990) and, here, is simply brought up to date.  The main empirical findings derived from
econometric estimates of product wage-price equations are

i) changes in real import prices and indirect taxation have had  no significant effect on real labour
costs;

ii) labour productivity enters the wage cost equation with a unitary long-run elasticity;

iii) the data supports an error-correction model of wage costs with the share of wages serving as
error-correction term;

iv) the elasticity of wages with respect to unemployment is rather high (or, in other words, real wage
rigidity is rather low) by international standards;  there is, however, evidence for persistence
mechanisms in unemployment, as a higher share of long-term unemployed tends to diminish the
downward pressure on wages;

v) a one per cent rise in labour taxes (including social security contributions) is estimated to be
associated with a 0.7 to 0.8 per cent increase in labour costs;

We conclude from the analysis that increasing labour taxes, mainly in form of higher social
security contributions, and the rising share of long-term unemployed in overall unemployment put upward
pressure on real product wages and, thus, have driven up the Austrian NAIRU.
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Table 1.  Wage-price model: 3LS estimation
Time range:  1967-1994

Dependent Variables: WH gross product wage per hour
PY product prices
WHPY=WH/PY

Explanat. Variables: PR productivity per man-hour
UR unemployment rate
SLU share og long-term unemployment
TAX3 indirect taxes
TAX2 employers’ tax rate on labour
OMA proxy for output market

Tranformations: L logarithmic
D first differences
<1> one period lag

Table 2.  Product price equation

DLPY = B1 *LWHPY<1> + B2*DLWH + B3*DLWH<1> +B4*LHPR<1> + B5*OMA1
+ B6*DLOMA2<1> + B7 DLPY’1

COEFFICIENT ESTIMATE STAND. DEV.

B1 .44620 .03255
B2 .72465 .08225
B3 .27535 .08225
B4 -.44620 .03255
B5 1.32964 .14799
B6 .04256 .06627
B7 2.31770 .17116

R2= .82772 R2C= .77849
DW= .79377 RH0= .60793
SE= .01211 MAPE= 21.31316
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Table 3.  Product wage equations

DLWH  = B1*LWHPY<1> + B2*DLPY<1> + B3*DLPY<1> +B4*LHPR<1> + B5*UR
+ B6*UR<1> + B7*DLTAX3 + B8*LTAX2 +B9 + DLWH’WH

COEFFICIENT ESTIMATE STAND. DEV

B1 -.38385 .06557
B2 .12827 .10156
B3 .87173 .10156
B4 .38385 .06557
B5 -.02174 .00391
B6 .00950 .00385
B7 -1.00255 .16986
B8 .42569 .23816
B9 -2.02122 .37627

R2= .96078 R2C= .94427
DW= 2.27848 RH0= -.18170
SE= .00860 MAPE= 8.92601

DLWH = B1*LWHPY<1> + B2*DLPY + B3*DLPY<1> + B4*LHPR<1> + B5*UR
+ B6*SLU + B7*DLTAX3 + B8*LTAX2 + B9 + DLWH’WH

COEFFICIENT ESTIMATE STAND. DEV

B1 -.41170 .05961
B2 .17352 .10185
B3 .82648 .10185
B4 .41170 .05961
B5 -.15509 .00265
B6 .00099 .00052
B7 -.84481 .14878
B8 .49078 .22350
B9 -2.18056 .34272

R2= .96538 R2C= .95081
DW= 2.32442 RHO= -.23043
SE= .00799 MAPE= 8.21978

Source:  Authors’ estimates.
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Table 4.  Unemployment rate  and NAIRU
Austria 1966-1994

Year Unemployment rate1 NAIRU

1967 2.691 2.063
1968 2.967 2.223
1969 2.796 2.394
1970 2.412 2.415
1971 2.096 2.342
1972 1.937 2.232
1973 1.575 2.068
1974 1.546 2.249
1975 2.066 2.369
1976 2.036 2.649
1977 1.853 2.751
1978 2.100 3.157
1979 2.014 3.270
1980 1.877 3.451
1981 2.424 3.439
1982 3.668 3.482
1983 4.450 3.844
1984 4.538 4.345
1985 4.810 4.426
1986 5.183 4.293
1987 5.576 4.438
1988 5.343 4.709
1989 4.954 4.697
1990 5.358 4.597
1991 5.814 4.750
1992 5.943 5.203
1993 6.782 5.259
1994 6.542 5.455

1.  Nat. def.



22

BIBLIOGRAPHY

BEAN, C.R. (1994).  “European Unemployment:  A Survey.”  Journal of Economic Literature 32, No. 2,
pp. 573-619.

ELMESKOV, J. and M. MACFARLAN (1993).  “Unemployment Persistence.”  OECD Economic Studies
No. 21.

EUROPÄISCHE KOMMISSION (1995).  “Die Zusammensetzung der Arbeitslosigkeit unter
ökonomischen Gesichtspunkten.”  Europäische Wirtschaft, Jahreswirtschaftsbericht 1995 No. 59,
pp. 135-156.

FISCHER, S. (1994).  “Commentary:  The Role of Demand Management Policies in Reducing
Unemployment”;  in:  “Reducing Unemployment:  Current Issues and Policy Options.”  The
Federal Reserve Bank of Kansas City, Missouri, pp. 133-137.

HAHN, F. and G. RÜNSLER (1996).  “Potential Output Messung für Österreich.”  Studie von WIFO und
IHS im Auftrag des BMfF.

LAYARD, R., S. NICKELL and R. JACKMANN (1991).  “Unemployment;  Macroeconomic
Performance and the Labour Market.”  Oxford University Press.

Lindbeck, A. and D. J. SNOWER (1994).  “How are product demand changes transmitted to the labour
market?”  The Economic Journal 104, pp. 386-398.

PAGANO, M. (1990).  “Imperfect competition, under-employment equilibria and fiscal policy.”
Economic Journal 100, pp 440-463.

PICHELMANN, K. (1990).  “Unemployment Dynamics, Wage Flexibility, and the NAIRU in Austria.”
Empirica - Austrian Economic Papers 17, No. 2, pp. 171-186.

PHELPS, E. S. (1994).  “Structural Slumps:  The Modern Theory of Unemployment, Interests and
Assets.”  Harvard University Press.

VAN DER PLOEG, R. (1993).  “Lecture Notes on Unemployment.”  Manuscript, Institute for Advanced
Studies, Vienna.

SETTERFIELD, M., D. GORDON and L. OSBERG (1992).  “Searching for a Will o’ the Wisp;  an
empirical study of the NAIRU in Canada.”  European Economic Review 36, pp. 119-136.

SNOWER, D. J. (1983).  “Imperfect competition, under-employment and crowding out.”  Oxford
Economic Papers 35, pp. 245-270.

STAIGER, D., J. H. STOCK. and M. W. WATSON (1996).  “How precise are estimates of the Natural
Rate of Unemployment?”  National Bureau of Economic Research, Working Paper No. 5477.



23

ECONOMICS DEPARTMENT

WORKING PAPERS

A complete list of Working Papers is available on request.

177. Structural Unemployment in Finland
(July 1997) Pasi Holm and Elina Somervouri

176. Taxation and Economic Performance
(June 1997) Willi Leibfritz, John Thornton and Alexandra Bibbee

175. Long-Term Interest Rates in Globalised Markets
(May 1997) Hans Christiansen and Charles Pigott

174. International Implications of European Economic and Monetary Union
(May 1997) Norbert Funke and Mike Kennedy

173. The NAIRU in Japan : Measurement and its Implications
(February 1997) Fumihira Nishizaki

172. The Unemployment Problem - A Norwegian Perspective
(February 1997) Steinar Holden

171. The Reliability of Quarterly National Accounts in Seven Major Countries : A User’s Perspective
(February 1997) Robert York and Paul Atkinson

170. Confidence Indicators and their relationship to changes in Economic Activity
(October 1996) Teresa Santero and Niels Westerlund

169. Labour Productivity Levels in OECD Countries : Estimates for Manufacturing and Selected 
Service Sectors (September 1996) Dirk Pilat

168. Ageing Populations, Pension Systems and Government Budgets : Simulations for 20 OECD 
Countries
(September 1996) Deborah Roseveare, Willi Leibfritz, Douglas Fore and Eckhard Wurzel

167. Modelling the Supply Side of the Seven Major OECD Economies
(August 1996)  Dave Turner, Pete Richardson and Sylvie Rauffet

166. Size Distribution of Output and Employment: a Data Set for Manufacturing Industries in Five
OECD Countries, 1960s-1990
(August 1996) Bart van Ark and Erik Monnikhof

165. Trade and Competition:  Frictions after the Uruguay Round
(July 1996) International Trade and Investment Division

164. Corporate Governance, Competition and Performance
(June 1996) Colin Mayer



24

163. Fiscal Relations within the European Union
(April 1996) Peter Hoeller, Marie-Odile Louppe and Patrice Vergriete

162. Mark-up Ratios in Manufacturing Industries
(April 1996) Joaquim Oliveira Martins, Stefano Scarpetta and Dirk Pilat

161. Innovation, Firm Size and Market Structure:  Schumpetarian Hypotheses and Some New Themes
(April 1996) George Symeoindis

160. Valuing the Right to Tax Incomes:  An Options Pricing Approach
(April 1996) Teun Draaisma and Kathryn Gordon

159. Innovation and Competitive Advantage
(October 1995) P. A. Geroski

158. Monetary Policy at Price Stability:  A Review of Some Issues
(September 1995) Malcolm Edey, Norbert Funke, Mike Kennedy and Angel Palerm

157. Technical Progress, Factor Productivity and Macroeconomic Performance in the Medium Term
(September 1995) Claude Giorno, Pete Richardson and Wim Suyker

156. Ageing Populations, Pension Systems and Government Budgets:  How do they Affect Savings
(August 1995) Willi Leibfritz, Deborah Roseveare, Douglas Fore and Eckhard Wurzel

155. The Determinants of Real Long-Term Interest Rates:  17 Country Pooled Time-Series Evidence
(June 1995) Adrian Orr, Malcolm Edey and Michael Kennedy

154. An Assessment of Financial Reform in OECD Countries
(May 1995) Malcolm Edey and Ketil Hviding

153. Markets for Tradeable CO2 Emission Quotas, Principles and Practice
(February 1995) Graciela Chichilnisky and Geoffrey Heal

152. Estimating Potential Output, Output Gaps and Structural Budget Balances
(January 1995) Claude Giorno, Pete Richardson, Deborah Roseveare and Paul van den Noord

151. NOx/SOx Emissions and Carbon Abatement
(December 1994) Christophe Complainville and Joaquim O. Martins

150. The Determinants and Properties of Monetary Conditions:  Direct Survey Evidence from New
Zealand
(December 1994) Andreas Fischer and Adrian Orr

149. Health Care Reform:  Controlling Spending and Increasing Efficiency
(December 1994) Howard Oxley and Maitland Macfarlan



25

GENERAL DISTRIBUTION

ECONOMICS DEPARTMENT

WORKING PAPERS

This series of Working Papers is designed to make available, to a wider readership, selected studies which
the Department has prepared for use within OECD.  Authorship is generally collective, but main individual
authors are named.  The Papers are generally available in their original language, English or French, with a
summary in the other.

The views expressed in this paper are those of the author(s) and do not necessarily reflect those of the
OECD or of the governments of its Member countries.

Comment on the Papers is invited, and may be sent to OECD, Economics Department, 2 rue André Pascal,
75775 Paris Cedex 16, France.  Additional copies of the Papers, on a limited basis, can be forwarded on
request.

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT


