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ABSTRACT/RÉSUMÉ

Since the Finnish unemployment rate has rocketed to a very high level in the beginning of the
1990's, it is worth to study to what extent the unemployment rate prevailing today is due to cyclical or to
structural reasons.  In this paper we try to estimate two different indicators that represent the structural part
of unemployment, the NAWRU and the NAIRU.  The NAWRU (non-accelerating wage rate of
unemployment) measures the structural unemployment simply by relating unemployment to wage
inflation.  The NAIRU (non-accelerating inflation rate of unemployment) in this paper is based on
structural estimates of the price setting behaviour of firms and the wage setting behaviour of trade unions.
The estimated NAWRU follows very closely the actual unemployment in Finland indicating that it is not
the proper measure for the structural unemployment.  The estimated NAIRU were at a low level up to the
end of the eighties.  Since then both the actual unemployment rate and the NAIRU have rocketed.  In the
mid-nineties the NAIRU was about 12 per cent while the actual unemployment rate was about 18 per cent.
The confidence interval was about one percentage point until deep recession in early nineties in Finland.
Since then it has increased to the level of 4 percentage points.

****

Le taux de chômage finlandais s’étant rapidement accru à un niveau très élevé au début des
années 90, il est intéressant d’analyser dans quelle mesure le niveau du chômage enregistré aujourd’hui
résulte de facteurs cycliques ou structurels. Dans cet article, nous tentons d’estimer deux indicateurs
différents représentant la part structurelle du chômage, le NAWRU et le NAIRU. Le NAWRU (le taux de
chômage non accélérateur du taux de salaire) mesure le chômage structurel en reliant simplement le
chômage à l’inflation salariale. Le NAIRU (le taux de chômage non accélérateur d’inflation) est défini
dans cet article à partir de l’estimation structurelle des comportements de fixation de prix des entreprises et
de fixation de salaire des syndicats. Le NAWRU estimé suit très étroitement le taux de chômage effectif en
Finlande, ce qui suggère qu’il ne constitue pas une mesure adéquate du chômage structurel. Le NAIRU
estimé se situait à un faible niveau jusqu’à la fin des années 80. Depuis cette période, tant le chômage
observé que le NAIRU ont rapidement augmenté. Au milieu des années 90, le NAIRU était estimé à
12 pour cent environ tandis que le chômage effectif s’élevait à quelque 18 pour cent. L’intervalle de
confiance était d’environ un point de pourcentage jusqu’à la profonde récession qui a touché la Finlande
au début des années 90. Depuis, cet intervalle s’est accru pour atteindre 4 points de pourcentage.

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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STRUCTURAL UNEMPLOYMENT IN FINLAND 1

Pasi Holm2 and Elina Somervuori3

1. Introduction

1. In the first part of the 1990’s, Finland went through a very difficult economic and social
adjustment, origins of which can be traced to the 1980’s i.e., to the financial market liberalisation and the
unexpected crash of the Soviet export markets.  In the beginning of 1990’s production dropped by 12 per
cent between 1991 and 1993, the terms of trade deteriorated quickly and the tax wedge started to increase.
These events led to a sharp decrease of labour demand and the unemployment rate rose from 3.5 per cent
in 1990 to 18.3 per cent in 1994.  Still nominal wages continued to rise in the early 1990’s although the
rise was very modest.

2. The Finnish unemployment rate has rocketed to a very high level in the beginning of the 1990’s
decreasing the tax base and increasing considerably public expenditures and thus causing a huge increase
in public sector indebtedness.  It is worth to study to what extent the unemployment rate prevailing today
is due to cyclical or to structural reasons.  There are some indicators which try to separate these two
elements of unemployment.  In this paper we try to estimate two different indicators that represent the
structural part of unemployment, the NAWRU and the NAIRU.  The NAWRU (non-accelerating wage rate
of unemployment) measures the structural unemployment simply by relating unemployment to wage
inflation.  The NAIRU (non-accelerating inflation rate of unemployment) in this paper is based on
structural estimates of the price setting behaviour of firms and the wage setting behaviour of trade unions.

3. In addition to the decomposition of actual unemployment into its structural and cyclical
components we try to:  1)  calculate the confidence interval for the structural unemployment rate, and
2)  estimate effects of different factors on the structural unemployment rate.  The factors considered are:
activity variables, capital-labour ratio, the tax wedge and the price wedge.

4. The paper is organised as follows.  In section 2 the NAWRU is estimated while Section 3
considers shortly the theoretical background of the NAIRU and its estimation.  Section 4 concludes.

                                                  
1. We would like to thank Seppo Leppänen, Antti Romppanen, Peter Sturm and Timo Tyrväinen for helpful

comments and suggestions.

2. Government Institute for Economic Research, P.O. Box 269, FIN-00531 Helsinki, Finland.

3. This paper has been submitted by the Finnish 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 in October 1996.  The paper represents the
opinion of its authors and not that of WP1 or the Governments of OECD countries.
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2. NAWRU in Finland

5. The NAWRU is defined as the  non-accelerating wage rate of unemployment.  The calculations
of the NAWRU estimate in this paper are based on Elmeskov's article (Elmeskov, 1993).  The method in
the article includes the assumption that the change in wage inflation is proportional to the gap between
actual unemployment and the NAWRU, thus:

∆2w NAWRU U= −α( ) , (a > 0) [1]

where w is the natural logarithm of the nominal wage rate and U is the unemployment rate.  D is the first-
difference operator, and ∆ ∆ ∆ ∆2

1 1 1 2w w w w w w w w= = − = − − −− − − −( ) ( ) ( ) .

The parameter a can be calculated assuming that the NAWRU changes only gradually over time, in other
words the NAWRU is constant in two consecutive years:

α = −∆ ∆3w U/ . [2]

This was done by taking the first difference of equation [1].  Equations [1] and [2] can be combined to get
an estimate of the NAWRU:

NAWRU U U w w= − ( / )∆ ∆ ∆3 2 . [3]

This method for estimating the NAWRU may produce some occasional large outliers which can be
eliminated by a filtering procedure.

6. The NAWRU in Finland was estimated in years 1979-1994.  The results are presented in
Figure 1.  The estimated NAWRU in Finland follows very closely the actual unemployment rate during
the period 1979-1990.  In the beginning of the 1990’s it departs from the actual unemployment rate
implying that the large increase in the unemployment rate was due to cyclical factors.  According to this
measure cyclical unemployment changed to structural unemployment very quickly.
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Figure 1.  The NAWRU in Finland.
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Source:  Finnish Ministry of Labour and authors’ estimates.

The reason why the NAWRU follows very closely the actual unemployment in Finland can be easily seen
from equation [1] saying that when the changes in the nominal wage during two successive years are small
the difference between the NAWRU and the actual unemployment is small.

The problem with this measure of the structural unemployment rate is that it bases on a very restrictive
assumption of the wage formation.  The next measure, the NAIRU (non-accelerating inflation rate of
unemployment), tries to capture the wage and price formation in the economy more carefully.

3. NAIRU in Finland, structural estimates

3.1 Theoretical background

7. The theoretical background of the structural NAIRU-estimate is based on Bean (1994) and on
Layard-Nickell-Jackman (1991).  The NAIRU is the long-term equilibrium unemployment rate when
inflation is constant, that is when the expectations of employers on prices and the expectations of
employees on wages are fulfilled.  The NAIRU may be derived from wage and price equations assuming
stable inflation.  The formal presentation follows.

8. Let us first consider the price equation.  The starting point is the general production function
where the constant returns to scale technology is assumed and firms are assumed identical, Y = F (AN,K),
where Y is net output, N is employment, K is capital and A is the labour-efficiency index.  Under
imperfect competition we can get the first-order condition for profit-maximisation which leads us to the
demand-schedule of labour.  The price-setting schedule may be derived from that.  If prices are preset the
price equation may be presented as follows:
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log( ) log( ) log( ) log( ) log( )p w u w w ze p− = − − − + ′γ γ γ γ0 1 2 3 [4]

where p is the price of value added, w is the wage rate, we is the expected wage rate, u is the

unemployment rate4, and zp is a vector of other variables that influence pricing. γ γ0 1, , and γ 2  are
parameters to be estimated, whereas ′γ 3  is a vector of parameters (for more details see Bean 1994).

Then we turn to the wage equation.  It can be derived from several models:  monopoly union, efficiency
wage and bargaining models.  The wage equation may be written in the following form:

log( ) log( ) log( ) log( ) log( )w p u p p ze w− = − − − + ′β β β β0 1 2 3 [5]

where pe is expected price of value added and zw is a vector of variables influencing the wage formation
such as generosity and coverage of unemployment benefits and active labour market policies.  β β0 1,  and
β 2 are parameters to be estimated, whereas ′β 3  is a vector of parameters.

By substituting out for the real wage and assuming that p = pe and w = we, we get the following form of
the structurally derived NAIRU:

log( *)
log( ) log( )

u
z zw p

=
+ + ′ + ′

+
β γ β γ

β γ
0 0 3 3

1 1

. [6]

The equation [6] describes the determination of the structural rate of unemployment.

9. Layard et al. (1991) assume that both the level of unemployment rate and the change of
unemployment rate affect the price and wage setting equations.  They define the long-run NAIRU so that
the price and wage surprises vanish and the change of unemployment rate is zero; the long-run NAIRU is
defined as in equation [6].  In the short-run, the unemployment rate may slowly adjust to the long-run
NAIRU.  Taking slow adjustment into account they define the short-run NAIRU, which is a weighted
average of the long-run NAIRU and previous period’s unemployment rate, i.e. u f u us

∗ ∗
−= ( , )1 .

The actual unemployment is defined as the sum of the structural unemployment and the cyclical
unemployment i.e.:

u u ue= +* , [7]

where ue is the cyclical unemployment.  According to Bean (1994) the cyclical unemployment is mainly
due to different shocks hitting the economy.  This is assumed to be the reason why expected wages

                                                  
4. Sometimes the unemployment rate is entered into the wage and price setting equations in level form, not

in log-level form as specified here.
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(expected by firms) and expected prices (expected by trade unions) differ from their actual values5 (see
equations [4] and [5]).

The econometric model used in section 3.2 is derived from this theoretical background and especially from
equations [4] and [5].  In contrast to Layard et al. (1991), we will not try to estimate the short-run NAIRU
and not try to model determination of the price and wage expectation.  The latter is correct, if errors in
expectations are only due to unexpected shocks hitting the economy.

3.2 Estimation results

10. The annual timeseries data for the years 1975-1994 is from the Bank of Finland’s BOF4-model
(see Appendix 1).  Most of the variables used are from the manufacturing sector as they should produce
more accurate NAIRU-estimates.  Unfortunately the BOF4-model does not have all the variables divided
by sectors.  For those variables that we could not use the manufacturing sector the variable that presents
the whole economy was chosen (see Appendix 1)6.

Let us now examine the econometric model which was derived from the theoretical model.  The estimated
wage equation is of the following difference form:7

∆ ∆ ∆ ∆
∆ ∆ ∆

log( ) log( ) log(( ) / ) log( )

log( ) log( ) log( )

w q u t p s

q k y e

= + + − + +
+ + + +

α α α α
α α α

0 1 2 3

4 5 6

1 1
, [8]

where w is the nominal wage, q is the producer price, u is the unemployment rate, t is the marginal income
tax rate, p is the consumer price, s is the proportional payroll tax rate, k is the capital stock and y is the
production.

The price equation has the following difference form:

∆ ∆ ∆ ∆ ∆

∆ ∆

log( ) log( ) log( ) log( ) log( )

log( ) log( )

q w u k l p c

p r e

f

m

= + + + +

+ + +

λ λ λ λ λ

λ λ
0 1 2 3 4

5 6

, [9]

where q is the producer price, w is the nominal wage, u is the unemployment rate, k is the capital stock, l

is the labour force, pf is the foreign price measuring prices in foreign markets, c is the rate of capacity

utilisation, pm is the price of inputs and r is the nominal interest rate.

11. The most important structural parameters affecting the structural unemployment are the
coefficients of the unemployment rate in the wage and price equations, i.e. the parameters a1 and l1.  This

                                                  
5. It is assumed that price settings of firms are based on firms' expectations about future wages while wage

settings of trade unions are based on their expectations about future prices.

6. It is better, of course, to attempt to estimate the (economy wide) NAIRU using the data covering whole
economy rather that the data in manufacturing sector. Our choice of data is based on the assumption that
the rest of economy behaves on average like the manufacturing sector.

7. We have estimated the wage and price setting equations both in the log-level form and the log-difference
form.  The latter specification seems to fit the data better.  The detail estimation results are available on
request.
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is because they measure how the unemployment rate affects price and wage formation.  If the influence of
the unemployment rate on prices and wages is weak, i.e. the parameters a1 and l1 are small in the absolute

value, the structural unemployment is high and vice versa (see equation [6]).

12. The estimation results can be briefly summarised as follows:  First, although the system has been

estimated in difference form the adjusted multiple correlation coefficients R2 are relatively high in both
equations.  The test statistics do not show significant first-order serial correlation.  Second, the parameter
estimates are reasonably precise, at least in the wage equation.  The price setting equation is more
problematic in the sense that only statistically significant parameter is the constant term.  This should not
be worried too much, however, since we are going to calculate the confidence interval for the NAIRU.
The more imprecise parameter estimates the wider the confidence interval8.

The estimation results of the system of the wage and price equations are presented in Table 1.

Table 1.  The SURE estimation results of the wage-price system
(t-statistics in parentheses)

Equation
log(w/q)1 log(q/w)

Variable
Dlog(u) -0.202 (-2.92) -0.004 (-0.12)
Dlog((l-t)/p) -0.464 (-2.40)
Dlog(1+s) -0.536 (-2.77)
Dlog(q) -0.464 (-2.40)
Dlog(k) -1.156 (-1.81)
Dlog(y) 0.464 (2.40)
Dlog(k/l) -0.27 (-1.48)

Dlog(pf) 0.141 (1.09)

Dlog(c) 0123 (0.62)

Dlog(pm) 0.200 (1.48)

Dlog(r) 0.000 (0.00)
constant 0.103 (4.04) -0.042 (-4.25)

R2 0.6386 0.7560

DW 1.9790 1.7226

1. The wedge restriction, namely that 
( ) ( )

( )
w s

q
f

s p

t q

1 1

1

+
=

+
−







,... ,

is used.

2. R2 is the multiple correlation co-efficient, DW is the Durbin-Watson
statistic for the first order serial correlation.

Source :  Authors’ estimates.

                                                  
8. In the price setting equation we have imposed theoretical restriction that the nominal wage elasticity of

the producer price is equal to minus one.  When this restriction is relaxed the significance level of other
parameters increase considerably.
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13. Third, the parameter estimates are mostly of the expected sign from the theoretical point of view.
An increase in the unemployment rate lowers wage inflation.  The absolute size of the coefficient in the
wage equation is, however, relatively high compared with some other recent studies9.  Changes in the
marginal income tax rate and the payroll tax rate affect wages negatively, as do changes in the consumer
prices and the producer prices.  Thus the higher the tax-price wedge, defined as [ ]( / )( ) / ( )p q s t1 1+ − ,

the higher the gross producer wage, defined as [ ]w s q( ) /1+ , and the lower the employment.  The

coefficients of the tax variables are about the same size as usually obtained in Finland (see e.g. Tyrväinen,
1995).  The capital stock seems to have a negative and the production a positive effect on nominal wages.
The constant term gets a high value implying that the real producer wage increases considerably even
when the other variables stay constant.

14. The foreign price, the capacity utilisation and the price of raw materials seem to have a weak
positive effect on the ratio of producer price to the wage rate while the capital-labour ratio and the
unemployment rate have a weak negative effect.  The price-wage-ratio seems to be independent of the
interest rate.  The constant term is negative and statistically significant, indicating that the producer price
has a declining trend.  This may be due to increasing competition in the Finnish manufacturing.

15. Since the wage and price setting equations are estimated in the difference form only the
difference of the unemployment rate is included into the equations.  If we had obtained better empirical
results using log-level specification, we would have tried to include both the level and the difference of the
unemployment rate into the equations.

3.3 NAIRU and its confidence interval

16. Using the parameter estimates of table 1 and the values of the explanatory variables we can apply
equation [6] to solve for the structural unemployment rate (NAIRU).  The actual unemployment rate and
the estimated NAIRU and its confidence interval (see Appendix 2 for details) are presented in Figure 2.
Because we have estimated the wage and the price equations in the difference form we have to fix the level
of the NAIRU in the beginning of our estimation period.  We have assumed that the NAIRU was 2.5 per
cent in the beginning of the estimation period.  This is based on the following reasoning.  According to the
applied theoretical model (e.g. Bean,1994) the difference between the actual unemployment rate and the
structural unemployment rate follows mainly from price “surprises”, defined as the difference between the
expected producer price and the actual producer price.  According to the view of the Bank of Finland
inflation pressure prevailed during the mid-1980’s implying that the inflation expectations might be higher
than the actual inflation.  This implied, in turn, that the actual unemployment rate should be higher than
the structural unemployment rate in the mid-1980’s (Figure 2).

17. Both the actual unemployment and the estimated structural unemployment rate were at a low
level up to the end of eighties.  Since then they have rocketed.  In the end of the estimation period the
actual unemployment rate was about 18 per cent and the estimated NAIRU was about 12 per cent.  The
difference between the actual and the structural unemployment rate implies that the structural problems do
not yet contribute any wage or price inflation pressure.  It should be noticed, however, that structural

                                                  
9. According to the paper by Holm et al. (1996) the effects of the unemployment rate on nominal wages

differ in the different branches of industries, the average being -0.05.  According to Rantala (1995) the
effects of the unemployment on wages varies between -0.11 and -0.03.
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unemployment started to decrease in 1993 when the actual unemployment rate started to stabilise10.  The
second implication of our result is that structural reforms should be done if we want to repress the
unemployment rate below 10-14 per cent without inflation pressure arising.

18. The confidence interval was about one percentage point until 1992.  Since then it has increased
to the level of four percentage points.  This is due to the fact that both the parameter estimates and the
values of explanatory variables affect the size of confidence interval.  When the unemployment rate was
relatively stable the confidence interval was quite small although the parameters in the price setting
equation are not very precise.

                                                  
10. It should be remembered that the NAIRU is estimated using data mainly from the manufacturing sector

where the growth rate started to increase before and more quickly than the rest of the economy.  The
NAIRU started to decrease while the actual unemployment rate still increased.
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Figure 2.  The structural unemployment rate NAIRU1 and its confidence interval
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1. The calculation of the NAIRU based on the assumption that the NAIRU was 2.5 per cent
in the beginning of the estimation period.

Source:  Authors’ calculations.

19. How can one explain the difference between the actual and structural unemployment rates in the
early nineties? According to the applied theoretical model (see e.g. Bean, 1994, for details) the gap is due
to the price “surprises”, i.e. nominal demand shocks (see equations[4], [5] and [7]).  We would like to
argue that nominal demand shocks were not large enough to produce the gap prevailing in that time.  In
addition to potential price “surprises”, the gap was partly due to firms’ pessimistic expectations about
future demand for their products.  Pessimistic expectations prevented firms to increase labour demand as
much as could be assumed by the economic situation.  This statement is based on the following
arguments.  Firstly, there is some international evidence (see Giavazzi and Pagano, 1995) that the future
expectations of consumers and of firms may affect considerably their behaviour.  Giavazzi and Pagano
find that in Sweden during the deep economic crises in the early nineties the predictions of econometric
models strongly overestimate private consumption and private investment.  Secondly, we could assume
that the economic situation in Finland was a quite similar to that in Sweden.  Thirdly, predictions of
econometric models may overestimate private labour demand during that time, since firms’ expectations
were too pessimistic11.

                                                  
11. According to our estimation, econometric models, developed by Holm et al. (1996), strongly

overestimated labour demand in manufacturing sectors during early 1990s.
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20. We conclude by noting that the structural unemployment rate was lower than the actual
unemployment rate in early nineties.  But it is difficult to obtain very precise estimates for the structural
unemployment rate during that time.  These results are quite realistic, 1) since labour productivity
increases very rapidly during recession indicating that the actual unemployment rate raises “too much”,
and 2) since deep recession has increased uncertainty in whole economy, implying that the effects of
growth on employment has become weaker than before.

3.4 Contribution of different factors to the NAIRU

Next, we turn to consider what are the contributions of five different factors to the logarithm of the

estimated NAIRU.  Figure 3 presents the influence of labour taxes, i.e. the term 
1

1

+
−

s

t
, and the price term

to the structural unemployment rate.

Figure 3.  The contribution of labour taxes and prices to the logarithm of estimated
structural unemployment rate1.
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1. The calculation of the contribution of the different factors to the NAIRU based on the
assumptions that, i) the NAIRU was 2.5 per cent in the beginning of the estimation period,
ii) the share of the labour tax factor was 4/10 whereas price factors was 2/10 in that time.
Although this affects the relative size of the different factors, the time profiles of factors
are independent of their scales.

Source:  Authors’  estimates.

21. The effect of the labour taxes (the term (1+s)/(1-t) measuring the pure “marginal” tax wedge) on
the NAIRU has been positive and quite stable the whole period except the period 1990-95.  The logarithm
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of the tax term was 0.12 in 1991 and 0.50 in 1994.  This implies that an increase in the labour taxes has
boosted the structural unemployment rate at 2.9 percentage points12.

22. The price factor has increased the NAIRU during the whole estimation period.  The reason that
the structural unemployment rate increased so rapidly in the early nineties was the unfavourable behaviour
of prices in Finland.  In 1989-91 producer prices collapsed while  consumer prices stayed quite stable due
to a devaluation of the Finnish Mark (see Figure 4).  The logarithm of the price term was 1.64 in 1990 and
2.17 in 1993, implying that an increase in the price factor has boosted the structural unemployment rate at
3.2 percentage points13.

Figure 4.  The consumer price divided by the producer price.
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1976=100

Source:  Central Statistic Office of Finland.

23. As the tax wedge defines the gap between the gross wage paid by firms and the net wage
received by workers the ratio of the consumer and the producer prices measures the gap (in the level of the
whole economy) between the price paid by domestic consumers and the price received by domestic
producers.  The latter gap is mainly due to an increasing trend in sales taxation and a decreasing trend in
the value of the Finnish currency.  In addition to an increasing trend, the ratio of the consumer to producer
prices seems to be procyclical strengthening instability in the Finnish labour market.

                                                  
12. In 1991 the NAIRU was 6.0 per cent implying that log(NAIRU) = 1.79.  Adding the change in the tax

factor to that, we obtain 2.18, implying the NAIRU of 8.86.

13. In 1991 the NAIRU was 6.0 per cent implying that log(NAIRU) = 1.79.  Adding the change in the price
factor to that we get 2.22 and thus the NAIRU is 9.21.
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24. The contribution of other factors to the logarithm of the estimated NAIRU are presented in
Appendix 3.  The most important and all the time increasing factor affecting the structural unemployment
is the unobserved structural factor captured by the constant terms in the estimated wage and price
equations.  Since the sum of the constant terms is 0.061 ( = 0.103 - 0.042), the unobserved factor increases
the wage inflation and thus the structural unemployment rate14.

25. An increase in the capital-labour ratio between 1982 and 1993 has decreased the structural
unemployment rate.  This is due to the fact that the higher capital-labour ratio the higher the labour
productivity.  Thus both the activity variables and the capital-labour ratio capture the effects of the
productivity.

26. The contribution of the activity variables (the capital stock and the total production in the wage
equation) has mainly neutralised the contribution of the constant terms up to the end of eighties.  This
follows from the fact that the capital stock has increased reducing wage pressure15.

4. Reservations and concluding remarks

27. This paper investigates, firstly the decomposition of the actual unemployment to its structural
and cyclical components.  Secondly, the confidence interval for the structural unemployment rate is
estimated.  Thirdly, contributions of different factors to the structural unemployment rate are calculated.

28. Two different indicators that represent the structural part of unemployment, namely the NAWRU
and the NAIRU, are estimated.  The estimated NAWRU (non-accelerating wage rate of unemployment)
follows very closely the actual unemployment in Finland.  This is mainly due to the definition of the
measure.  The NAWRU is not the proper measure for the structural unemployment.

29. The estimated NAIRU (non-accelerating inflation rate of unemployment) were at a low level up
to the end of the 1990s.  Since then both the actual unemployment rate and the NAIRU have rocketed.  In
the mid-nineties the NAIRU was about 12 per cent while the actual unemployment rate was about 18 per
cent.  The confidence interval was about one percentage point until deep recession in early 1990s in
Finland.  Since then it has increased to the level of 4 percentage points.

30. Our confidence interval is about the same magnitude, when taking into account the size of the
NAIRU, as reported by Staiger et al. (1996).  They have demonstrated that estimates of the NAIRU are
quite sensitive with respect to estimation methods, set of explanatory variables and data used.  According
to their estimates a typical 95 per cent confidence interval for the NAIRU in 1990 is 5.1 per cent to 7.7 per
cent in the United States.  They conclude that imprecision of the NAIRU estimates suggest caution in
using the NAIRU to guide “monetary policy”.

                                                  
14. It should be noticed that we have estimated a local approximation of the structural unemployment rate.

This is because we have allowed the constant terms in the difference form of the wage and price
equation.  When transferring the results of the difference form estimation to the level form one has to
calculate cumulative sums.  Therefore, the constant terms in our wage and price equations turn out to be
trend factor in the NAIRU.  This implies that we could only use this type of model to predict the
behaviour of the NAIRU in the near future.

15. This is maybe counterintuitive argument.  Holm et al. (1994) has shown, however, that the capital stock
can have either positive or negative impact on the wage rate in the monopoly union model.
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31. We have calculated the contribution of the different factors to the NAIRU.  The labour tax factor
has increased the NAIRU about 3 percentage points from 1991 to 1994.  The price factor has increased the
NAIRU about 3 percentage points from 1991 to 1994.

32. The paper leaves room, of course, for further work.  Firstly, one should try to estimate the
NAIRU and thus the wage and price setting equations using the data covering whole economy.  Secondly,
a better empirical model considering both short-run dynamics and long-run relations is needed to
understand the wage and price setting behaviour of the Finnish firms.
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APPENDIX 1.  DATA

The data consists of time series from the Bank of Finland's BOF4 model16.  It includes yearly
timeseries for the years 1975-1994.

The following variables from the BOF4-model were used in the study:

w - nominal wage per hour.  Wage bill in manufacturing (including employers' social security
contributions) per performed working hours in manufacturing

q - producer price.  Prices in manufacturing, 1985=100.
u - unemployment rate, total.
t - personal marginal tax rate
p - consumer price index, 1985=100.
s - employers' social security contributions in manufacturing.  Proportion of wage bill.
k - net stock of fixed capital in manufacturing
y - production in manufacturing.  Production at factor cost, 1985=100.
l - total labour force

pf - foreign prices, competitors' prices on foreign markets, 1985=100.
c - rate of capacity utilisation17 in manufacturing

pm - price of inputs, import prices of raw materials 1985=100.
r - nominal interest rate, long-term

                                                  
16. See Bank of Finland's model (BOF4) 1994.

17. The data is from the Statistics Finland.
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APPENDIX 2:  COMPUTATION OF THE CONFIDENCE INTERVALS

The confidence intervals for the structural unemployment rate are based on the Wald test in the
following way.  In a model with only one non-linear restriction the statistic W, defined e.g. in Harvey
(1981), p. 167, has a Chi-square distribution, with one degree of freedom.  In testing of the structural
unemployment one can write the change in the NAIRU, using the estimated equations, as

(A1) ∆
∆ ∆

log( *)
log( ) log( )

u
z zw p

=
+ + ′ + ′

+
α λ α λ

α λ
0 0 3 3

1 1

,

so that one can test the hypothesis that the change in the NAIRU is zero.  It should be noted that the
change in the NAIRU must be centered, so its computed value is subtracted from it.  Denoting the centered
change in the NAIRU by N*, one next finds the critical value f for which the W statistic of N*+f is equal
to 3.84, the 95 per cent critical value of the Chi-square distribution at one degree of freedom.  Now f can
be taken as an end point of the confidence interval.18  The obtained confidence intervals must be
considered approximate19.

Now we have the confidence interval for the change in the logarithm of structural unemployment rate.
Next we calculate the confidence interval for the structural unemployment rate.  The logarithm of NAIRU
is defined at time t (t=1976,...,1993) as

(A2) ( )log log( . )U 1975 2 5∗ = and ( ) ( )log log *U Ut ii

t∗
== ∑ 1975

.

Because we have estimated the wage-price-system in the difference form, we have to fix the NAIRU in the
first period using a priori reasoning (see page 8).  The lower and upper bound in the logarithm of NAIRU
at time t is

(A3) ( ) ( )log logU Ut t t
∗

−
∗= −1 φ

(A4) ( ) ( )log logU Ut t t

∗
−

∗= +1 φ

respectively.  Taking anti-log we obtain estimates for the structural unemployment rate and for its
confidence interval.

                                                  
18. Note that the centred Wald test statistic is symmetric around zero and that the matrix of derivatives of the

restriction remains constant.

19. The Wald test is only asymptotically chi-squared, so the non-linear Wald test can be quite sensitive to the
form of the restriction (see Lafontaine and White, 1986).
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APPENDIX 3:  THE CONTRIBUTION OF DIFFERENT VARIABLES TO THE LOGARITHM
OF ESTIMATED STRUCTURAL UNEMPLOYMENT RATE 1
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1. The calculation of the contribution of the different factors to the NAIRU based on the assumptions that
i)  the NAIRU was 2.5 per cent in the beginning of the estimation period, ii) the share of the labour tax
factor was 4/10, the share of the capital-labour and price factors was 2/10 each and the share of the rest
was 1/10 each in that time.  Although this affects the relative size of the different factors, the time
profiles of factors are independent of their scales.

Source:  Authors’ estimates.
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