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Abstract
This paper estimates the effects of the financial crisis on the Swedish
labour market. Using an unobserved components model and an external
forecast, we estimate a future path for the NAIRU. Judging by this analysis, the labour market will be in equilibrium again in 2013. Linking the
NAIRU to other labour-market variables through an estimated vector
error correction model and population projections, it is found that this
new equilibrium is associated with a smaller equilibrium labour force and
lower equilibrium employment.
JEL Classification: E24
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Summary in Swedish
Finanskrisen har medfört att arbetslösheten stigit från 6 till 9 procent.
Erfarenheterna från 1990-talskrisen samt ekonomisk teori indikerar att
denna försvagning av arbetsmarknaden kommer att leda till långvariga
negativa effekter på sysselsättning och arbetskraftsdeltagande. I denna
arbetsrapport skattas effekterna effekterna av finanskrisen på den svenska arbetsmarknaden. I ett första steg skattas en så kallad unobserved components-modell för NAIRU. Modellen är uppbyggd så att den explicit avser
att fånga upp hur konjunkturell arbetslöshet påverkar NAIRU. (Med
konjunkturell arbetslöshet menas faktisk arbetslöshets avvikelse från
NAIRU.) I ett andra steg skattas det långsiktiga sambandet mellan arbetslöshet och arbetskraftsdeltagande med en så kallad kointegrationsmodell. I ett tredje steg används modellskattningarna i de två tidigare
stegen för att beräkna de långsiktiga effekterna på arbetskraft och sysselsättning. Genom att använda en prognos för de kommande årens arbetslöshet kan ett estimat av finanskrisens effekter beräknas i förväg. Resultaten visar att den nya jämvikten är förknippad med ett lägre arbetskraftsdeltagande, lägre sysselsättning och en högre arbetslöshet.
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1. Introduction
The steep fall in aggregate demand in the wake of the financial crisis led to a rapid deterioration of
the Swedish labour market. Between the summer of 2008 and the end of 2009 the unemployment
rate rose from just below 6 percent to around 9 percent. The unemployment rate is widely expected
to increase even further. According to the most recent forecast of the National Institute of Economic Research (NIER, 2009b), the unemployment rate will peak at above 10 percent in 2011. A
natural question for policymakers and forecasters to ask under these circumstances is what the persistence effects of the crisis on the labour market might be.
The fact that business cycle fluctuations can cause permanent effects on, for example, unemployment and labour-force participation is well established in the academic literature. Explanations to
why macroeconomic shocks can have long-lasting effects on the labour market include decay of
human capital, discouragement and habituation; see, for example, Pissarides (1992) and Clark et al.
(2001). Effects can also be due to the behaviour of unions in the wage bargaining process; see
Blanchard and Summers (1986) and Gottfries and Horn (1987).
While negative economic shocks seemed to have long-lasting negative effects on the labour market
in many OECD countries in the 1970s and 1980s, the Swedish unemployment rate was exceptionally low in the 1980s by international standards. However, between 1990 and 1993 it increased from
around 2 to 11 percent. It took as long as until 1998 before the unemployment rate started to decrease reliably, reaching 6 percent in 2001. It is widely believed that this increase in unemployment
was mainly caused by adverse macroeconomic shocks, including a fall in international demand and
some policy mistakes. Part of the increase in unemployment can hence be argued to have been an
effect of unsustainable economic polices in the past; see, for example, Holmlund (2009) for a discussion. Several studies have estimated the NAIRU in Sweden; see, for example, Lindblad (1997),
Assarsson and Jansson (1998), Apel and Jansson (1999b) and Lindblad and Sellin (2003). A majority
of the conducted studies show an increase in the NAIRU between the 1980s and the 1990s but
these studies give us little information as to why the NAIRU increased. It can, however, be noted
that it is difficult to identify sharp changes in structural factors – benefit levels, taxes, etcetera –
between the 1980s and the 1990s (Holmlund, 2009). Therefore, it is reasonable to conclude that at
least part of the increase in the NAIRU in the 1990s was due to long-lasting effects of the aforementioned macroeconomic shocks.
The goal of this paper is twofold. First, the spill-over effect from the cyclical unemployment rate to
the NAIRU in Sweden is estimated. We believe that such an effect is a relevant feature to allow for
and our empirical approach is hence a step forward relative to the lion’s share of the previous em-
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pirical literature studying the Swedish equilibrium unemployment rate.1 Second, we estimate longrun effects on the labour force and employment. Although the NAIRU is interesting in and of itself, the unemployment rate is not a perfect indicator of developments in the labour market (Murphy and Topel, 1997; Gustavsson and Österholm, 2006) and it is therefore of great value to have an
estimate of the effects on equilibrium employment – and not just the equilibrium unemployment
rate – in many cases. For example, when discussing the long-term stability of public finances in
light of the ongoing crisis, employment is a far more interesting variable than the unemployment
rate.
A novel feature of this paper is that it aims not only to estimate persistence effects ex post, but also
ex ante. This is accomplished by incorporating extra-model information in terms of external forecasts of the unemployment rate and population. Our results suggest that the NAIRU will rise the
next few years and that labour-force participation rate will decrease; the equilibrium labour force
and equilibrium employment are predicted to fall. Qualitatively, these findings are obviously not
surprising. A main contribution of the paper is hence to provide a framework in which the effects
of the ongoing crisis on the labour market can be quantified.
The remainder of this paper is organised as follows: The econometric framework is described in
Section 2. In Section 3, the empirical analysis is conducted and the results are discussed. Section 4
concludes.

2. Econometric framework
The empirical analysis is conducted in two stages. First, the NAIRU is estimated using an unobserved components model. Second, cointegration analysis is used to link the estimated NAIRU to
the labour force and employment. The two stages are explained in detail below.

2.1 An unobserved components model
Unobserved components models have frequently been used in the empirical literature in order to
estimate a time-varying NAIRU; see, for example, Gordon (1997) for an important contribution.
The model employed in this paper takes its starting point in the framework of Apel and Jansson
(1999a, 1999b); more specifically, the model is an extension of a model employed by Hjelm and
Jönsson (2010). Importantly for our purposes, the model is extended with feedback from cyclical
unemployment to the NAIRU in line with Jaeger and Parkinson (1994) and Assarsson and Jansson
(1998).
1 In this paper, the terms NAIRU and equlibrium unemployment rate are used synonymously.
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More specifically, the Phillips curve is given by
4

2

4

i =1

j =1

n =1

Δπ t = ∑ φi Δπ t −i + ∑τ j u tc− j + ∑ θ′n x t − n + δDt + ν t ,

(1)

where π t is the quarterly inflation rate and u tc is cyclical unemployment. x t is a vector of supply
shock proxies and Dt is a dummy variable which is 1 in 1993Q1 – the quarter in which Sveriges
Riksbank declared that it would turn to inflation targeting – and zero otherwise.
The unemployment rate is decomposed into two unobservable components, a cyclical component,

u tc , and a natural rate component, u tn , according to
u t = u tc + u tn .

(2)

Cyclical unemployment is modelled as an AR(2) process:

u tc = λ1u tc−1 + λ 2 u tc− 2 + ζ t

(3)

This is a natural choice since it is the most parsimonious univariate specification that can generate
reasonable cyclical fluctuations. The natural rate component is assumed to be a unit-root process
which (potentially) is affected by cyclical unemployment.

u tn = u tn−1 + κu tc− 2 + ω t

(4)

By making the natural rate component a unit-root process, we allow for permanent level shifts in
the NAIRU. This assumption has certain theoretical appeal since we expect some shocks – such as
changes to benefit levels – to have permanent effects. It is also a reasonable modelling choice since
most empirical studies find that the Swedish unemployment rate is a unit-root process; see, for
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example, Gustavsson and Österholm (2007, 2010).2 κ is a parameter of particular interest since it
tells us to what extent cyclical unemployment spills over into the NAIRU.3
The output gap, specified in equation (5), is given by an Okun’s law relation; this links cyclical fluctuations in unemployment to cyclical fluctuations in output.

y t − y tp = ψ 1u tc + ψ 2 u tc−1 + υ t

(5)

Finally, potential output is a random walk with time-varying drift

y tp = γ t −1 + ytp−1 + ξ t ,

(6)

where the drift is modelled as a random walk process

γ t = γ t −1 + χ t .

(7)

This specification is chosen in order to allow for the possibility that the trend rate of growth has
changed over time and is a common choice in the empirical literature; see, for example, Clark
(1987), Kim and Nelson (1999) and Wang and Wang (2007).
Finally, the error terms, ν t , ζ t , ω t , υ t , ξ t and χ t are assumed to be normally distributed shocks
with zero mean and constant variances.
The unobserved components model described above can be used to provide an estimate of how
the NAIRU has evolved over time within sample, that is, for t = 1, K , T . However, given an external forecast for the unemployment rate, the structure of the model also allows us to generate a
future path for the NAIRU. To see this, note that an estimate of the NAIRU in T+1 can be calculated as uTn +1 = uTn + κuTc −1 . Using the external forecast of the unemployment rate, a forecast of
cyclical unemployment in T+1 can then be calculated as uTc +1 = uT +1 − uTn +1 . Estimates of the

2 The assumption also has some shortcomings. Perhaps most notable is the fact that a variable that is bounded between zero
and one strictly speaking cannot be a linear unit-root process with an additive error term fulfilling standard assumptions.
However, as argued in, for example, Österholm (2010), the approximation error from this assumption is expected to be
negligible.
3 It can be noted that we rely on the second lag of cyclical unemployment in the equation for the natural rate component. Jaeger
and Parkinson (1994) and Assarsson and Jansson (1998) relied on the first lag but we argue that hysteresis effects should come
with more of a delay. This makes sense from a theoretical perspective since, for example, human capital depreciation should
appear with a non-negligible lag. Admittedly though, using the first lag rather than the second generates a minor difference in
the estimate of κ . Result is not reported but is available upon request.
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NAIRU and cyclical unemployment in T+2 can be generated as uTn + 2 = uTn +1 + κuTc and

uTc + 2 = uT + 2 − uTn + 2 and so on. In this paper, we rely on the unemployment rate forecast of the
National Institute of Economic Research published in December 2009 for this exercise; we return
to data issues in Section 3.
While the unobserved components model can be employed – together with an external forecast for
the unemployment rate – to provide an estimate of the future effects on the NAIRU, there is often
substantial interest in the effects on labour-force participation and employment. We next describe
how the results from the unobserved components model can be used for this purpose.

2.2 Cointegration analysis
It is well known that labour-force participation is affected by unemployment. Both added- and
discouraged-worker effects have found support empirically; see, for example, Mincer (1962), Fleisher and Rhodes (1976), Benati (2001), Juhn et al. (2001) and Stephens (2002). Recently, Österholm
(2010) established a strong empirical relationship between unemployment and labour-force participation in Sweden. More specifically, it was shown that the unemployment and labour-force participation rates were cointegrated. A long-run relationship between these two variables is useful since it
allows us to link a forecast of the NAIRU to a forecast of the labour force and employment.
Following the empirical analysis in Österholm (2010), we estimate the long-run relationship between the unemployment and labour-force participation rates using a cointegrated VAR model
given by
p −1

Δz t = μ + Πz t −1 + ∑ Γ i Δz t −i + ε t .

(8)

i =1

The 2x1 vector of dependent variables is given by z t = ( p t

′
u t ) , where pt is the labour-force

participation rate. In this setting, u t and pt are cointegrated if r – the rank of the coefficient matrix Π – is equal to one. In such a case, there exist 2x1 vectors α and β each with rank one such
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that Π = αβ ′ and β ′y t is stationary. The elements of α are the adjustment parameters in the
vector error correction model and β is the cointegrating vector.4

We assume that the labour-force participation rate is a unit-root process given by pt = pt* + ptc ,
where the permanent component pt* is a unit-root process, which we interpret as a time-varying
equilibrium value, and the transitory component p tc is a weakly stationary ARMA process. This
means that the cointegrating vector (if established) describes the relationship between the NAIRU
and pt* . The estimated cointegrating vector is used to generate a future value of pt* that is consistent in the long run with a particular value of the NAIRU. The value at the future time point

T + H is calculated as pT* + H = − μˆ − βˆ 2 uTn + H , where the cointegrating vector is normalised to
have a coefficient of unity on the labour-force participation rate. If the estimate of β 2 is positive, a
higher NAIRU is associated with a lower equilibrium labour-force participation rate in the long run.
The estimates of uTn + H from the unobserved components-model and pT* + H from the cointegrating
relationship can finally be used together with population predictions (provided by Statistics Sweden) to translate these rates into number of people for equilibrium unemployment, equilibrium
labour force and equilibrium employment.5 This exercise relies on identities for i) the labour-force
participation rate, pt = Pt Bt , where Pt is the labour force and Bt the population in the age
bracket 16 to 64 years, and ii) the and unemployment rate, u t = U t Pt , where U t is the number
of unemployed. Equilibrium labour force, equilibrium unemployment and equilibrium employment
are calculated as PT*+ H = pT* + H BT + H , U Tn+ H = uTn + H PT*+ H and ET* + H = PT*+ H − U Tn+ H respectively.

3. Empirical findings
We first estimate the unobserved components model in equations (1) to (7) using maximum likelihood. Inflation is measured using the consumer price index excluding households’ mortgage interest expenditures and the direct effects of changes in indirect taxes and subsidies (KPIX). Output is

4 Note that the constant term in equation (8) is restricted such that a constant term is allowed for in the cointegrating
relationship, but no drift in the system. For a technical discussion regarding specification and estimation, see, for example,
Johansen (1995).
5

Population predictions are well known for having extremely small prediction errors and any uncertainty in our calculations
stemming from these predictions is dwarfed by estimation uncertainty in the other steps. For a discussion regarding the use of
population data in macroeconomics, see, for example, Lindh (2004).
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given by real GDP and the unemployment rate measured according to the ILO definition. x t is a
3x1 vector consisting of real oil price changes, changes in the relative price of imports and changes
in the real exchange rate (measured by the KIX index). The sample is 1970Q2 to 2009Q3.
Estimates of key parameters are given in Table 1. As was pointed out above, the estimate of κ in
equation (4) is of particular interest to us. The null hypothesis of this coefficient being equal to zero
can be rejected in favour of the alternative hypothesis of it taking on a positive value at the ten
percent level. The point estimate suggests that cyclical unemployment spills over into the NAIRU
to a non-negligible extent. For example, in a quarter where cyclical unemployment is three percent,
the NAIRU increases with approximately 0.12 percentage point. It should be kept in mind though
that there is a fair degree of uncertainty associated with this parameter estimate.
Table 1. Estimated key parameters from unobserved components model.

φ1

-0.568

φ2

-0.290

φ3

-0.113

φ4

-0.252

τ1

-0.260

(0.071)
(0.103)
(0.092)
(0.087)
(0.178)
0.233

τ2

(0.175)

λ1

(0.042)

λ2

κ
ψ1
ψ2

1.886
-0.907
(0.040)
0.040
(0.029)
-3.794
(0.726)
2.499
(0.781)

Note: Sample is 1970Q2 to 2009Q3. Standard errors in parentheses ().

The model’s estimate of the NAIRU is shown in Figure 1. Noteworthy is the very large increase in
the NAIRU associated with the crisis of the 1990s; between 1992 and 1999 the NAIRU is judged to
have risen with approximately 4.5 percentage points. The estimated NAIRU from this model looks
realistic and we believe that it appears more reasonable than those of many other studies. For example, the NAIRU in Assarsson and Jansson (1998) moves around to such an extent that the cyclical component of the unemployment rate never is larger than 0.8 percent. The NAIRU in Lindblad
and Sellin (2003), on the other hand, barely moves during the crisis of the 1990s.
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Figure 1. Unemployment rate and estimated NAIRU.
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According to the forecast of the NIER (2009b), the present crisis will have the effect that the unemployment rate will keep increasing until the beginning of 2011. This forecast is also shown in
Figure 1 and is used together with the estimated model to generate a future path for the NAIRU.
As can be seen in Figure 1, this exercise suggests that the NAIRU will rise the next few years. The
labour market will have reached a new equilibrium in late 2013 when cyclical unemployment is very
close to zero.
Having calculated effects on the NAIRU above, we next turn to the cointegration analysis that will
provide estimates of effects on other labour-market statistics. The sample used for this exercise is
1980Q1 to 2009Q3.6 In order to establish that cointegration methods are appropriate, we first test
for unit roots in the data. Two different univariate unit-root tests are employed, namely the Augmented Dickey-Fuller test (Said and Dickey, 1984) and the KPSS test (Kwiatkowski et al., 1992).7 As
can be seen from Table 2, the Augmented Dickey-Fuller test is not significant at the ten percent
level for either variable. Turning to the KPSS test, it rejects the null of stationarity at the ten percent
6 This is ten years less than when the unobserved components model was estimated. The reason a shorter sample is employed is
that we are concerned that the behaviour of women during the 1970’s is not representative of that today.
7

Lag length in the Augmented Dickey-Fuller tests and vector autoregressions was established using the Akaike (1974) informa-

tion criterion.
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level for both variables. Both unit-root tests hence suggest that the two variables are integrated of
order one.
Table 2. Results from unit-root tests.
ADF

KPSS

pt

-1.02

0.84

ut

-2.24

0.55

Note: Sample is 1980Q1 to 2009Q3. ADF is the test statistic from the Augmented Dickey-Fuller test. KPSS is the test statistic
from the KPSS test.

We test for cointegration between pt and u t using Johansen’s (1988) maximum eigenvalue test;
results are given in Table 3. Using a significance level of ten percent, the null hypothesis that the
cointegrating rank is zero can be rejected whereas the null hypothesis that it is one cannot.8 We
hence conclude that there exists one cointegrating vector. Since there might be some concern that
the labour-force participation and unemployment rates do not have exact unit roots, we also test
the additional restrictions β ′ = (1 0 ) and β ′ = (0 1) using a likelihood ratio test. This is done
to ensure that the cointegrating vector found is not due to one of the variables being stationary; see
Hjalmarsson and Österholm (2010) for a discussion of this issue. As can be seen from Table 3,
both of these restrictions are rejected at the ten percent level.
Table 3. Results from cointegration test and restrictions on cointegrated VAR.
Test statistic

H0 : r = 0

13.92

H0 : r = 1

1.07

H 0 : β ′ = (1 0 )
H 0 : β ′ = (0 1)

11.26
2.88

Note: Sample is 1980Q1 to 2009Q3.

The estimated cointegrating vector from the model – where the coefficient on the labour-force
participation rate has been normalised to unity – is shown in Table 4. This shows that there is a
negative long-run relationship between labour-force participation and unemployment, that is, a
higher unemployment rate is associated with a lower labour-force participation rate. This finding is
consistent with discouraged-worker effects. The slope of the cointegrating vector suggests that a
permanent increase in the NAIRU of one percentage points is associated with a decrease in the
equilibrium labour-force participation rate with roughly one percentage point. The size of the effect

8 If

H 0 : r = 1 had been rejected, it would imply that both series are stationary; see, for example, Taylor and Sarno (1998).
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is hence reasonably close to the effect found by Elmeskov and Pichelmann (1993) using international cross-sectional data.
Table 4. Estimated key parameters vector error correction model.

μ̂
βˆ 2

-0.886
(0.014)
1.069
(0.204)

Note: Sample is 1980Q1 to 2009Q3. Standard errors in parentheses ().

We finally use the estimated cointegrating vector to calculate the effects of the crisis on some key
labour-market variables. The increase in the NAIRU is roughly one percentage point and the fall in
the equilibrium labour-force participation rate is a touch over one percentage point; see Table 5.
Table 5. Estimated values for labour-market variables.
2013Q3

2008Q2

Difference

n
t

8.52

7.57

0.95

pt*

79.52

80.54

-1.02

u

Note: NAIRU and equilibrium labour-force participation rate are given in percent.

By conducting the calculations outlined at the end of Section 2.2, the equilibrium labour force,
equilibrium unemployment and equilibrium employment can be estimated. Table 6 presents these
results, where we have chosen 2013Q3 and 2008Q2 as the time points for the comparison. 2013Q3
is chosen since it was suggested above that the labour market will be in equilibrium again then,
whereas 2008Q2 is the last quarter before the mayhem broke loose in financial markets.
The first column of Table 6 simply gives the equilibrium values of 2013Q3 associated with u tn and

pt* from the column denoted “2013Q3” in Table 5. In order to get an estimate of the effect of the
crisis in number of people, we also calculate the values of Pt * , U tn and Et* using the population
of 2013Q3 but the NAIRU and equilibrium labour-force participation rate from the column denoted “2008Q2” in Table 5; this calculation tells us what Pt* , U tn and E t* would have been if the
NAIRU and equilibrium labour-force participation rate had not changed between 2008Q2 and
2013Q3. Accordingly, the difference between these two columns can be seen as the effect on these
labour-market variables of the crisis. As can be seen from Table 6, the fall in the equilibrium labour
force is approximately 61 000 people. Equilibrium unemployment increases with nearly 41 000
people and equilibrium employment, accordingly, decreases with approximately 101 000 people.
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Table 6. Estimated equilibrium values for labour-market variables in 2013Q3.
Using estimated
values of NAIRU
and equilibrium
labour-force participation rate
from 2013Q3

Using estimated
values of NAIRU
and equilibrium
labour-force participation rate
from 2008Q2

Difference

Pt *

4 751

4 812

-61

U tn

405

364

41

Et*

4 346

4 447

-101

Note: Equilibrium labour force, equilibrium unemployment and equilibrium employment are given in thousands of individuals.
The differences do not add up due to rounding errors. In the first column, calculations have been carried out using the population
of 2013Q3 and the NAIRU and equilibrium labour-force particpation rate of the column denoted “2013Q3” in Table 5. In the
second column, calculations have been carried out using the population of 2013Q3 and the NAIRU and equilibrium labour-force
particpation rate of the column denoted “2008Q2” in Table 5.

These estimates are of course associated with a large degree of uncertainty since they have been
generated using two estimated models and external predictions for the unemployment rate and the
population. An additional reason to take these numbers with a pinch of salt is that there are a number of pitfalls associated with the above conducted exercise. First, the models that are used to some
extent rest on the assumption that no significant changes in how some parts of the economy work
have taken place during the sample period. However, some changes in institutions during the sample period might be of importance. For example, the changes in stabilization policy objectives and
the wage bargaining process during the sample period may have altered the Phillips-curve relationship over time.
Second, one could argue that the persistence effects are non-linear – that is, larger on the margin
the higher cyclical unemployment. The unemployment rate is forecasted to reach lower levels during this crisis compared to the crisis in the 1990s. This might imply that the estimated spill-over
effect from cyclical unemployment to the NAIRU might overstate the effect of the current crisis.
However, the high unemployment in the aftermath of the crisis in the 1990s only comprises a
rather small part of the whole sample period. Therefore, it is an open question if this is the case.
Third, there are reasons to believe that the effects of the ongoing crisis will be somewhat different
from what the model suggests due to changes of some key institutional features between the sample
period and the forecasting period. There are, for example, stronger economic incentives to stay in
the labour force due to lower unemployment benefit levels in the coming years than the average of
the sample period (NIER, 2009a). The fact that income taxes that stem from work have been significantly lowered in recent years, particularly for low income earners, might also work in this direction. There is also reason to believe that a smaller proportion of the people who become unemployed will leave the labour force for early retirement in the aftermath of the present crisis compared to the one in the early 1990s. These policy changes imply not only that negative effects on
19

the labour force could be smaller than the model suggests, but also that the effects on NAIRU
might be larger.
Finally, it can also be noted that the estimated equilibrium that is reached in 2013 only can serve as
an approximation of the long-lasting effects of the crises. Cohort effects make it likely that the persistence effects diminish somewhat in the years after 2013 due to the fact that some of those who
lose their jobs are approaching retirement age.
Despite the above mentioned issues, it is nevertheless useful to provide policymakers and forecasters with point estimates of the persistence effects; even though most forecasts published are
judgemental, a starting point for the discussion is always needed. Knowing the shortcomings of the
employed empirical framework, model-based results can be highly valuable for this purpose.

4. Conclusions
In this paper, we have estimated the persistence effects on the labour market of the ongoing crisis.
Results indicate that these effects could be substantial. Between 2008 and 2013, the NAIRU is predicted to rise with roughly one percentage point and the equilibrium labour-force participation rate
to fall by a similar amount. The increase in the NAIRU and fall in the equilibrium labour-force
participation rate are also associated with falls in the equilibrium labour force and equilibrium employment of approximately 61 000 and 101 000 people respectively.
The increase in the NAIRU due to the ongoing crisis is smaller than the estimated increase in the
NAIRU associated with the crisis in the early 1990s. This is mainly due to the present crisis being
predicted to be smaller in magnitude and have a shorter duration. The fact that the persistence effects nevertheless could be non-negligible is relevant information for policymakers. Additional active measures to keep the unemployment rate down during the ongoing crisis could be considered
since such actions might pay off in the long run.
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