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ABSTRACT 
 
 
Pablo F. Salvador 
Labour market dynamics in the Nordic countries according to the chain reaction theory 
Jyväskylä: University of Jyväskylä, 2009, 148 p. 
(Studies in Business and Economics 
ISSN 1457-1986; 80) 
ISBN 978-951-39-3550-4 (nid.), 978-951-39-5124-5 (PDF) 
Diss. 
 
The purpose of this thesis is to review the distinct conceptions of the labour market 
offered by the major approaches dealing with the macroeconomics of the labour 
market and provide information on the main driving forces shaping unemployment in 
Denmark, Finland and Sweden according to the chain reaction theory. The thesis 
consists of an introductory chapter and four essays. The first essay deals with three 
major approaches to the macroeconomics of the labour market: (i) the frictionless 
equilibrium view of unemployment; (ii) the hysteresis hypothesis; and (iii) the chain 
reaction theory (CRT), or prolonged adjustment view, of unemployment. It argues that 
the CRT is not simply the middle ground between the frictionless equilibrium view 
and the hysteresis hypothesis since it explains the unemployment problem by 
recognising the interaction of growth and dynamics in the labour market. The second 
essay reassesses the role of the natural rate of unemployment (NRU) in policy making 
and argues that in the presence of frictional growth unemployment does not gravitate 
towards the NRU - instead, it can be described as chasing after a moving target. This 
essay focuses on Denmark and shows that the NRU can only explain one third of the 
variation in unemployment, while frictional growth accounts for the remaining two 
thirds. The third essay focuses on the relationship between capital stock and 
unemployment and shows that capital accumulation can explain the diverse 
unemployment experiences of the Nordic countries. It shows that capital stock explains 
around 30% of the Danish unemployment increase in the aftermath of the oil price 
shocks and near 15% of the increase in the crisis of the early 1990s. In Sweden, capital 
accumulation contributes to 50% of the unemployment upsurge during the 1990s. 
Finally, the unemployment rate in Finland would have been 5 percentage points lower 
without the 1992 permanent drop of its capital stock growth rate. The fourth essay 
provides an account of the unemployment performance of Denmark, Finland, and 
Sweden since the 1980s. It explores the unemployment effects of different explanatory 
variables in four different periods and examines the adjustment process of the 
unemployment rate to a temporary shock to capital stock. This essay shows that capital 
stock had an important role in the unemployment trajectory of the three Nordic 
countries and that the external sector significantly influenced the Finnish 
unemployment trajectory. Finally, it shows that it takes several years before a 
temporary shock is completely absorbed by the labour market. In particular, Finland 
experienced the greatest initial impact of the shock and the shock was far more 
persistent. 
 
Keywords: Unemployment, labour market dynamics, capital stock, Nordic countries, 
chain reaction theory 
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1 INTRODUCTION 
 
 
1.1 Background and aims of the thesis 
 
 
A wide variety of explanations have been proposed for the observed 
movements in European unemployment. Since the study of Layard, Nickell and 
Jackman (1991) much effort has been put to explain these movements by 
focusing on the role of shocks and institutions (see also Blanchard and Wolfers, 
2000), institutions alone (for example, Nickell, Nunziata and Ochel, 2005 and 
Belot and van Ours, 2004), and the structure of the economy (see, for example, 
Phelps, 1994 and Phelps and Zoega, 2001). Nevertheless, there is an increasing 
interest among macro-labour economists to examine the role of growing 
variables such as capital stock in the evolution of the European unemployment 
rate. The resulting literature is extensive and fast growing - see, among others, 
Karanassou, Sala and Snower (2003, 2004), Stockhammer (2004), and Arestis, 
Baddeley and Sawyer (2007). 
 We distinguish three major approaches to the macroeconomics of the 
labour market. First, the frictionless equilibrium view of unemployment according 
to which the labour market adjusts quickly to external shocks. Second, the 
hysteresis hypothesis where the equilibrium unemployment rate no longer 
returns to levels before the shock once the temporary shock reverses, and 
therefore reaches a new equilibrium. Third, the chain reaction theory (CRT), or 
prolonged adjustment view, of unemployment which postulates that labour 
markets react to external shocks but only slowly given that labour market 
decisions are subject to adjustment costs. 
 In this thesis, we first review the prior evidence on the main determinants 
shaping unemployment in Europe since the 1960s. We focus on the mainstream 
literature accounting for the observed movements of unemployment in Europe 
as a whole. Then, we turn our attention to the Nordic countries – Denmark, 
Finland, and Sweden - and review some of the most salient features of the 
labour market structure in these economies and the prior evidence on the forces 
driving their unemployment rates. We then assess the distinct conceptions of 
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the labour market offered by the three approaches and show that the CRT is not 
simply the middle ground between the frictionless equilibrium view and the 
hysteresis hypothesis. We illustrate that the CRT explains the unemployment 
problem by recognising the interaction of growth and dynamics in the labour 
market. Finally, we offer a comprehensive account of the three Nordic 
countries’ labour market performance and provide information on the main 
driving forces shaping unemployment in Denmark, Finland and Sweden 
according to the CRT. 
 The structure of this introductory chapter is as follows. Section 1.2 deals 
with the reasons why we focus on the Nordic countries. Section 1.3 reviews the 
prior evidence on the unemployment determinants in Europe and the Nordic 
countries and some salient features of the labour market structure in Denmark, 
Finland, and Sweden. Section 1.4 provides a summary and the main results of 
the essays. Finally, Section 1.5 introduces topics for further research. 
 
 
1.2 The Nordic countries as the focus of our empirical analysis 
 
 
We focus our empirical analysis on the Nordic countries - Denmark, Finland, 
and Sweden - for three reasons.1 
 First, these economies are normally grouped because of their well-
developed welfare state system, low levels of income inequality and successful 
performance opposite continental Europe. Nevertheless, the unemployment 
trajectories of Denmark, Finland and Sweden display significant disparities that 
are usually overlooked. While Sweden and Finland came out of the oil crises 
with hardly any damage, Denmark witnessed a large increase in its 
unemployment over the late 1970s and early 1980s. In contrast, although the 
1990s crisis first hit Denmark, it did so less intensively than in Sweden and 
Finland. The analysis of the labour market of Finland and Sweden is of special 
interest. The unemployment trajectories of these countries were alike in the 
timing of the rise in unemployment from the trough in 1990 to the peak in 1994, 
but they differed in the size of the rise and in the unemployment evolution after 
the peak. 
 Second, the Nordic experience is much more volatile than the international 
average boom-bust pattern (Jonung, Schuknecht, and Tujula, 2006). For 
example, the Finnish unemployment increase in the early 1990s was not 
experienced by any other OECD country and in almost no other country the 
amplitude of the cycle was so large (Bordes, Currie and Söderström, 1993). 
Honkaphoja et al. (2009) argue that the Finnish depression of the 1990s was the 
most serious economic crisis in its peacetime history and more severe than the 
1930s depression in many indicators and in words of Berg and Gröttheim (1997, 

                                                 
1 We omit Norway in this study for two reasons. First, Norway is not a member state 

of the EU. Second, Norway is mainly an oil-exporting economy, which makes it 
different from the rest of the Nordic countries. 
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p. 141), in the early 1990s Sweden experienced the worst recession since the 
1930s. 
 Third, while studies on the CRT have focused on countries such as 
Germany, the UK, the US, and Spain and on panels of European countries, they 
have not directly examined the labour market performance of the Nordic 
countries individually providing, thus, a potential new avenue of research. 
 
 
1.3 Prior evidence on the determinants of European and Nordic 

unemployment 
 
 
1.3.1 Evolution of unemployment in Europe 
 
In the 1960s and mid-1970s European unemployment was low and stable - 
around 2% (see Figure 1). However, after the two oil crises unemployment rates 
went up in almost all European countries. By the late 1970s, unemployment 
increased to 5% and continued to increase in the 1980s. In the mid-1980s, 
European unemployment exceeded 9% and hovered around 8% until the late 
1980s. In the 1990s, unemployment rose again and remained over 8% almost 
throughout the decade. European unemployment started declining in the late 
1990s, but stagnated close to 8% in the 2000s. 
 

 
FIGURE 1 Unemployment rates: EU15 

 
Many studies credit the rise of European unemployment in the mid-1970s and 
1980s to oil price increases and higher real interest rates. Phelps (1994), for 
example, claims that higher oil prices and higher interest rates were the most 
important determinants of unemployment in Europe and that direct and 
payroll taxes were important in explaining the diverse experiences across 
countries. Phelps and Zoega (1998) extend the role of interest rates to the 1990s 
and restrict the effects of taxes mainly to the 1960s and 1970s. Furthermore, 
Phelps and Zoega (1997, 1998) find that the slowdown of productivity since the 
mid-1970s played a role as well. 



 

 

14 

 Blanchard and Wolfers (2000) also point to oil price increases, and a 
sustained decrease in total factor productivity (TFP) growth in the mid-1970s 
and early 1980s. According to this study, an increase in “employment-
unfriendly” institutions also exerted a crucial role. In this study, decreases in 
TFP growth, higher interest rates, tight macroeconomic policy, and demand 
shifts contributed to higher unemployment in the 1980s and 1990s. Interest rates 
have also been assigned a major role in the work of Blanchard (2006) according 
to which the high European unemployment of the 1980s was mainly driven by 
tight monetary policy used to reduce the inflation originated by 
accommodating monetary policy in response to adverse shocks of the 1970s. 
Blanchard and Summers (1986, 1987) argue that not only the shocks of the 
1970s, but also their protracted effects were responsible for the high and 
persistent European unemployment of the late 1970s and 1980s.2 According to 
these studies, interactions between shocks and labour market institutions led to 
a larger effect of shocks on unemployment. The study of Layard, Nickell and 
Jackman (1991) is one of the first to examining interactions between shocks and 
labour market institutions in Europe. It claims that the impact of the shock on 
unemployment differs across countries, given it depends on “time invariant” 
institutions, with different sets of institutions affecting the degree of 
unemployment persistence.3 Scarpetta (1996) and Elmeskov, Martin, and 
Scarpetta (1998) also explain the rise of European unemployment in the 1980s 
and early 1990s by focusing on labour market institutions, shocks, and 
interactions between them. Furthermore, Scarpetta (1996) finds that labour 
market institutions matter not only for the unemployment level, but also for the 
speed of adjustment of the labour market. 
 However, according to Nickell, Nunziata and Ochell (2005) and Belot and 
van Ours (2004) interactions between labour market institutions and shocks did 
not help to explain unemployment patterns in Europe. Both studies rely on 
“changing” institutions to explain movements of unemployment in Europe 
between 1960 and the early 1990s. While in the former changing institutions 
alone account for most of these movements in the latter interactions between 
institutions also matter.4 
 In sum, the studies of the previous paragraph explain European 
unemployment by focusing on either the role of institutions and shocks or the 
role of institutions alone. While the latter group relies on changing institutions, 
the former one focuses on stable institutions. Independently of this assumption 
                                                 
2 Subsequent studies have focused on the persistent effects of temporary shocks in the 

1970s (see, among others, Alogoskoufis and Manning, 1988; Bianchi and Zoega, 1998; 
Hughes-Hallett and Piscitelli, 2002; Pivetta and Reis, 2004; and Logeay and Tober, 
2006). Although their different approaches to interpreting the permanent shift of 
unemployment - as a change in the equilibrium rate of unemployment or as 
evidence of multiple equilibria - the main mechanisms explaining hysteresis are the 
ones proposed by Blanchard and Summers (1986, 1987) (see, Essay 1). 

3 Nickell (1997) also attributes the great heterogeneity across countries in the 1980s 
and early 1990s to differences in institutions. 

4 In the work of Nickell, Nunziata and Ochell (2005), changing institutions explain 
around 55% of the rise in European unemployment from the 1960s to the first half of 
the 1990s. 
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- changing or stable institutions - the labour market institutions used in these 
studies are classified in four groups: (i) unemployment protection legislation, 
with several measures of the generosity of unemployment benefits; (ii) 
employment protection legislation, with several indices indicating the strictness 
of the legislation on fixed-term and permanent contracts; (iii) union power, 
through different measures of union coverage and density and wage bargaining 
co-ordination; and (iv) taxes, including indirect, direct and payroll taxes as well 
as the fiscal wage. In turn, shocks refer mostly to oil price increases and the 
decline in TFP growth in the 1970s, and the rise of real interest rates, tight 
macroeconomic policy, and demand shifts in the 1980s and 1990s. 
 This interpretation of European unemployment focusing on (i) the 
structure of the economy, (ii) the role of shocks and institutions, and (iii) the 
role of institutions alone – defined in Essay 1 as the frictionless equilibrium 
view of unemployment – differs from the view of the CRT. According to this 
approach, the rise in European unemployment over the 1970s and first half of 
the 1980s was mainly driven by adverse permanent shocks, while temporary 
shocks accounted for the unemployment increase in the mid-1990s. In broader 
terms, the CRT explains the behaviour of European unemployment as follows. 
In the 1960s and mid-1970s, the labour force increased rapidly in Europe. This 
supposed a permanent shock – taking a long time to feed through the labour 
market - that manifested in a steady rise in unemployment in the 1970s. Two 
other permanent shocks further increasing European unemployment in this 
period were the productivity slowdown and the decline in capital 
accumulation. The after-effects of these permanent changes coupled with some 
temporary shocks – oil price increases, a rise in interest rates and a fall in 
competitiveness - kept European unemployment rising through the mid-1980s.5 
In the 1980s and 1990s, the labour force shock reversed. This permanent shock 
again took a long time to manifest itself and contributed to reduce European 
unemployment during the second half of the 1980s and the second half of the 
1990s. However, high real interest rates and low competitiveness were the 
temporary shocks that pushed unemployment up in the early 1990s, taking 
some time before the unemployment rate came down significantly (Karanassou, 
Sala and Snower 2003, 2004).6 
 As noted, much emphasis has been put to explain movements of European 
unemployment in the last decades. Since the study of Layard, Nickell and 
Jackman (1991) the effort has been mainly targeted to the role of labour market 
institutions, shocks and interactions between them. Nevertheless, there is an 
increasing interest among macro-labour economists to examine the role of 
growing variables such as capital stock in the evolution of the European 

                                                 
5 Competitiveness is measured as the ratio of import prices to GDP deflators. 
6 Most CRT studies explain part of the European unemployment increase by pointing 

to permanent labour force shocks – more precisely, the rise in working-age 
population. Nevertheless, in our empirical analysis of the Nordic countries, this 
variable exerts no significant influence on the labour supply; instead, we capture 
demographic influences on the labour supply movements through the participation 
rate. 
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unemployment rate. The resulting literature is extensive and fast growing. For 
example, Bean and Dréze (1991) focus on the sluggish wage response to the 
productivity growth slowdown in Europe in the aftermath of the oil price 
shocks and show that wage stickiness reduced employment and, hence, the 
capital stock profit rate. In turn, this prompted a decline in investment and 
capital accumulation that further increased unemployment. Stockhammer 
(2004) finds that capital accumulation is significantly related to the 
unemployment rate in the core European economies. Blanchard (2005) claims 
that capital accumulation has influenced the evolution of European 
unemployment rate over three decades. Arestis, Baddeley and Sawyer (2007) 
find a robust negative relationship between capital accumulation and 
unemployment in nine EMU countries.7 
 
1.3.2 Labour market structure and unemployment trajectory in the Nordic 

countries 
 
Before reviewing the mainstream literature accounting for the observed 
movements of unemployment in Denmark, Finland, and Sweden, we first 
briefly review the most salient features of the Danish, Finnish, and Swedish 
labour market structure. In particular, we focus on the following labour market 
institutions: (i) trade unions and wage bargaining system, (ii) unemployment 
protection legislation, and (iii) employment protection legislation. 
 
1.3.2.1 Labour market structure in the Nordic countries 
 
Trade unions and wage bargaining system 
 
The Nordic countries are characterised by strong unions with wide membership 
and a relatively centralised and highly co-ordinated wage bargaining system. 
 According to OECD data, union density has increased since the 1970s in 
all three countries and current unionisation rates place around 70%. Collective 
agreements cover also non-union members and coverage rates are among the 
highest in Europe, between 80% and 90%.8 
 Apart from trade union density and coverage, an important feature of the 
wage bargaining system is the degree of wage bargaining centralisation and co-
ordination. 
 In the 1970s, Denmark, Finland, and Sweden were among the most 
centralised and highly co-ordinated countries. Since then, Denmark and 
Sweden have moved towards greater decentralisation and lower co-ordination. 
Denmark joined the relatively decentralised group of countries in the 1980s and, 
since then, it has continuously moved in this direction. Sweden has moved from 
the relatively centralised group of countries to the intermediate group. 

                                                 
7 See Essay 3 for a discussion on the relationship between capital stock and 

unemployment. 
8 See Visser (2006) and OECD employment outlook 2004. 
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 In Denmark, the decentralisation has involved changes in both the 
horizontal and vertical dimension. In the horizontal dimension, it has implied a 
shift from general negotiations to sector specific negotiations, and a move to a 
less synchronised structure of bargaining. In the vertical dimension, collective 
agreements stipulate only general conditions – e.g. working hours, rules for 
flexible working hours, and minimal wages – and leave wage settlement to local 
negotiations (Andersen, 2003). In Sweden, the shift has been towards informal 
wage co-ordination in wage bargaining. Also, a national mediation institute 
was created in 2000 with the power to appoint mediators even without the 
consent of the parties concerned (see Holmlund, 2006 and Nymoen and 
Rφ dseth, 2003). 
 Finland has maintained a relatively high degree of centralisation and co-
ordination in wage bargaining. However, according to Uusitalo (2005), Finland 
shows substantial differences in the degree of centralisation across time. 
Although most wage bargaining negotiations have been at the national level, 
some bargaining rounds have been at the industry level. Besides, the share of 
unions accepting the central bargain has also varied. Snellman (2005) argues 
that the Finnish collective bargaining system has, to some extent, moved 
towards decentralisation, mostly about working conditions and working hours, 
but sometimes in the design of payment schemes. Pekkarinen and Alho (2005, 
p. 65) claim that the Finnish bargaining system is a case of “managed 
decentralisation” because the average wage increase is relatively effectively co-
ordinated by centralised agreements or pattern bargaining and, on the other 
hand, the wage structure is also shaped by decisions at the local level. Andersen 
(2005) asserts that changes towards a centralised decentralisation occurred in all 
Nordic countries once wage formation came under pressure in the 1980s and 
1990s. 
 The wage bargaining system in the Nordic countries have, to a greater or 
lesser extent, shifted towards greater decentralisation and lower degree of co-
ordination in recent decades. According to Andersen (2005), this trend is set to 
continue as further international integration poses new challenges to wage 
formation and other labour market institutions by increasing interdependencies 
across partners, by making wage formation to be more dependent on workers’ 
qualifications and on firms and sectors’ conditions, and by making foreign 
wage development more important for wage setting. This issue is of special 
importance in the Nordic countries where it may become more difficult or 
costly to maintain centralised wage bargaining arrangements with solidaristic 
elements (see also Alho, 2005). 
 
Unemployment protection legislation 
 
The unemployment benefit system is organised on a voluntary basis in the 
Nordic countries. Nevertheless, the accessibility conditions differ among them. 
 In Denmark, the unemployment benefit system distinguishes between 
unemployed ensured persons who voluntary join unemployment insurance 
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funds (UI-funds) and receive unemployment benefits (UB) and unemployed 
uninsured persons entitled social assistance. The UI-funds are private 
associations of employees or self-employed persons, which purpose is to ensure 
economic support if unemployment. These associations are regulated and 
subsidised by the state and administered by the trade unions. The public 
assistance is administered by the municipalities. UB are taxable and cannot 
exceed 90% of the previous wage or a maximum amount of money. The 
maximum duration of benefits is 4 years, and the right to benefits can be 
regained by regular work for at least 6 months within the last 36 months. 
However, there are certain activation requirements. When UB expire, the 
individual would normally be eligible for social assistance. The social 
assistance’s benefit depends, among other, on age and martial status.9 Several 
reforms have been implemented since the mid-1990s, which purpose has been 
to move from a passive focus on income maintenance to a more active focus on 
bringing unemployed into employment. The most important reforms have 
been: (i) to shorten the benefit period, ii) to implement activation requirements 
both in the unemployment insurance scheme and in the social assistance 
scheme, and iii) to eliminate benefits eligibility by participating in activation 
measures (Andersen and Svarer, 2007, p. 402).10 
 In Finland, unemployment benefits consist of: (i) an earnings-related 
unemployment allowance, (ii) a basic unemployment allowance, and (iii) labour 
market subsidies. The former component is administered by trade unions, 
whereas the Social Insurance Institution administers the latter two. The 
earnings-related unemployment allowance consists of a basic component equal 
to the basic allowance, and an earnings-related component. The earnings-
related component is 45% of the difference between previous daily earnings 
and the basic allowance. If the monthly salary exceeds 90 times the basic 
allowance, the earnings-related allowance declines to 20% for the part in excess. 
The basic unemployment allowance and the labour market subsidies are paid 
unlimited, while the earnings-related unemployment allowance is paid for a 
maximum of 500 days. Those unemployed who have already received 
unemployment allowance for 500 days, can receive a labour market subsidy 
from the state. The right to benefits can be regained when the claimant has been 
in employment for 34 weeks of at least 18 hours a week during a 24-month 
period. UB are taxable and cannot exceed 90% of the previous daily wage.11 The 
major reform introduced in 2003 allows a benefit recipient to receive 
unemployment allowance after the 500-day maximum period. The rules of 
these additional days differ for persons born before and after 1950.12 

                                                 
9 See, among others, Westergaard-Nielsen (2001) and Parsons, Tranaes and Lilleør 

(2003). 
10 See Clasen and Viebrock (2008) for some recent reforms of the Danish and Swedish 

unemployment benefit systems. 
11 For more detailed information visit the Federation of Unemployment Funds in 

Finland, http://www.tyj.fi/. 
12 See, for example, Lassila (2005), Pekkarinen and Alho (2005), and Fregert and 

Pehkonen (2009). 
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 In Sweden, unemployment benefits consist of: (i) an earnings-related 
unemployment insurance, and (ii) a basic insurance. The former is administered 
by trade unions and the latter by the government. All persons who work in 
Sweden are covered by the basic insurance and those who join UI-funds and 
satisfy member conditions and work requirements are entitled to receive 
earnings-related unemployment insurance. The basic insurance’s amount 
depends on the average hours worked. In the earnings-related insurance, the 
daily benefit cannot exceed 80% of the previous daily wage during the first 200 
days of benefit and 70% during the remaining 100 days. UB are taxable and the 
duration of benefits is 300 days. The right to benefits can be regained when the 
claimant has been in employment for at least 6 months during the past 12 
months before becoming unemployed. The work during the six months must be 
at least 80 hours in a month or work for at least 480 hours during the last 
uninterrupted six-month period, with a breakdown such that the person has 
worked for at least 50 hours during each month.13 The major UB reform 
introduced in 2001 allows a benefit recipient to restrict job search to his or her 
occupation and local labour market during the first 100 days of unemployment. 
After this period, the search area must be expanded.14 
 Another important component of the benefit system refers to expenditures 
on active labour market policies (ALMPs). Among the Nordic countries, 
Denmark has the highest ALMP spending as a percentage of GDP – roughly 
2%, followed by Sweden with 1.5%, and finally Finland with roughly 1%. Most 
of the reforms over the past decades have been geared towards increasing the 
effectiveness of active programmes rather than rising ALMP spending. Some 
reforms include, among others, enhanced job placement efforts, early 
intervention in the unemployment spell and compulsory participation in 
programmes, and more efficient administration of public employment activities 
(see OECD, 2006). 
 
Employment protection legislation 
 
According to the OECD, Denmark, Finland, and Sweden are middle-ranked 
countries in employment protection legislation (EPL). The OECD provides 
measures on the strictness of EPL in three points in time: the late 1980s, the late 
1990s and the year 2003.15 These measures are summarised in three main areas: 
(i) regular employment, (ii) temporary employment, and (iii) collective 
dismissals. Also, the OECD provides an overall measure of EPL. The overall 
strictness of EPL varies among the Nordic countries; nevertheless, there has 
been some convergence to a less strict position, mostly in the 1990s. This change 
was slight in Finland and substantial in Denmark and Sweden. Denmark 
remains the least regulated Nordic country. 

                                                 
13 For more detailed information visit the Swedish Federation of Unemployment 

Insurance Funds, http://www.samorg.org/. 
14 See, Holmlund (2006), Eichhorst and Konle-Seidl (2006), and Fregert and Pehkonen 

(2009), among others.  
15 See OECD employment outlook 2004, Table 2.A2.4. 
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 Finland has introduced greater flexibility in the regulation of permanent 
employment in the late 1990s, while Denmark and Sweden have introduced 
more flexibility in the regulation of temporary employment. In particular, in 
Finland there is now more flexibility in local arrangements about working time. 
In addition, the period of notice in case of individual dismissals has been 
reduced and the negotiation period for collective dismissals has been shortened. 
In Sweden, private temporary agencies – providing brokerage services and 
renting temporary workers - were allowed in the early 1990s, and restrictions 
on temporary work contracts were relaxed (see, Fregert and Pehkonen, 2009). In 
Denmark, more employment categories are allowed to use temporary 
employment contracts, there are no longer limitations on how often the 
temporary contracts can be renewed, and there are no upper limits about how 
long one can be employed on temporary contracts (see, Andersen and Svarer, 
2007). 
 
1.3.2.2 Unemployment trajectory in the Nordic countries 
 
As shown in Figure 2, unemployment in the Nordic countries has also been 
subject to lengthy variations. During the 1960s and mid-1970s unemployment 
remained low in the three Nordic countries - close to 1% in Denmark and 
around 2% in Finland and Sweden. However, this pattern changed after the two 
oil crises. Unemployment increased in the mid-1970s and continued to increase 
in the first part of the 1980s. By the mid-1980s, unemployment rose to almost 
4%, 6% and 9% in Sweden, Finland and Denmark, respectively and declined by 
roughly 2 percentage points at the end of the decade. In the early 1990s, 
unemployment rates went up sharply. Finnish unemployment rose 15 
percentage points between 1990 and 1994. In Sweden and Denmark 
unemployment rose, respectively, 7 and 5 percentage points between the late 
1980s and 1993. In the second part of the 1990s, these rates started a fast 
lessening up to 2001. Finnish unemployment fell by 8.6 percentage points, from 
18.2% in 1994 to 9.6% in 2001. Swedish unemployment went down by 4.5 
percentage points, from 8.6% in 1993 to 4.1% in 2001. Danish unemployment fell 
almost 6 percentage points, from 10.0% in 1993 to 4.3% in 2001. Since 2001, 
unemployment stopped its falling path: it increased in Denmark and Sweden 
and stabilised in Finland. In 2005, these rates were close to, respectively, 5%, 6% 
and 9%. 
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FIGURE 2 Unemployment rates: Nordic countries 

 
The rise of Finnish unemployment in the mid-1970s and first part of the 1980s 
has been mostly ascribed to insufficient aggregate demand, labour force 
growth, and higher interest rates. According to Blomqvist (1987), the rise of 
unemployment in Finland is mainly explained by insufficient aggregate 
demand and to a lesser extent by the labour force growth. Besides, changes in 
income and payroll tax rates and changes in labour productivity also accounted 
for the changes in the unemployment rate in this period. Pehkonen (1989) also 
points to the rise in payroll taxes and increased labour force participation. 
Nevertheless, the rise in the availability of benefits while out of work, increased 
union activities, and adverse supply shocks - deterioration of the terms of trade 
caused mainly by the oil shocks – also played a role. Changes in payroll, 
income, and consumption taxes and enhanced bargaining power of unions are 
also assigned a role in the study of Kiander and Pehkonen (1999), which also 
stresses the important influence exerted by higher interest rates. Green-
Pedersen (2001) and Green-Pedersen and Lindbom (2005) explain the 
unemployment hikes of the 1970s and early 1980s in Denmark by pointing to 
the two oil crises and a misguided fiscal and exchange rate poly.16 
 Contrary to the mid-1970s unemployment upturn, interest rates are the 
single most important factor explaining the unprecedented unemployment 
                                                 
16 The 2 percentage points decline of the Finnish and Swedish unemployment rates in 

the late 1980s has been mainly an outcome of the financial liberalisation, 
expansionary domestic policies, and the international upswing. The surge in 
aggregate demand contributed to a fall in unemployment along with a gradual 
increase in inflation. The interaction of financial deregulation, progressive taxes and 
generous rules for deducting interest payments created the preconditions for a strong 
credit expansion. Asset prices rose, output and employment increased, and 
inflationary pressures were built up. By the end of the decade, the Nordic economies 
were overheated (see, for example, Holmlund, 2006; and Kiander, 2004). According 
to Christensen and Topp (1997), monetary policy and a significant tightening of the 
fiscal policy exerted a crucial role in the decline of Danish unemployment in the early 
1980s (see also Andersen and Svarer, 2007). 
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upturn of the early 1990s in these economies. Honkapohja and Koskela (1999) 
describe the Finnish unemployment upturn of the early 1990s as a combination 
of bad lack - in the form of shocks - and bad policies. Shocks refer to the slow 
international growth, the fall in the terms of trade, high interest rates resulting 
from the German unification, and the collapse of trade with the Soviet Union. 
Bad policies refer to the mix of pro-cyclical fiscal policies and the fixed 
exchange rate policy, which jointly with a poorly designed deregulation of 
financial markets and foreign indebtedness of firms further increased interest 
rates and reinforced the rise of unemployment (see also Kiander and Pehkonen, 
1999; Honkaphoja et al., 2009; and Dahlman, Routti and Anttila, 2006). 
According to Koskela and Uusitalo (2006), shocks explained the rapid increase 
in unemployment in the early 1990s and interactions between them and stable 
institutions led unemployment to persist. Conesa, Kehoe, and Ruhl (2007), point 
to a combination of a drop in TFP and an increase in taxes on labour income 
and consumption. Holmlund (1996, 2006) argue that the Swedish 
unemployment upturn of the early 1990s was also a mix of bad lack - foreign 
macroeconomic shocks - and bad policies – domestic macroeconomic shocks. 
Foreign shocks refer to the international recession, the fall in the terms of trade, 
and the rise of real interest rates resulting from the German unification. On the 
other hand, domestic shocks refer to the tight monetary policy to defend the 
fixed exchange rate, the wavering fiscal policy (too lax in the late 1980s and 
restrictive in the early 1990s), and the badly timed tax-reform. However, 
institutional factors, such as the increase in the generosity of unemployment 
insurance reinforced the rise of Swedish unemployment (see also Forslund, 
1995; Lindbeck, 1997; and Berg and Gröttheim, 1997). According to Alexius and 
Holmlund (2008), shocks to monetary policy caused around 30% of the 
variations of unemployment in this period, while institutional factors played 
only a minor role (see also Furåker, 2002). Green-Pedersen (2001) and Green-
Pedersen and Lindbom (2005) point to the wavering fiscal policy, the 
deteriorated international wage competitiveness, and the badly timed tax-
reform in the mid-1980s as the main causes that contributed to the collapse of 
aggregate demand and increased unemployment in Denmark in the early 1990s. 
Nannestad and Green-Pedersen (2001) also attribute the unemployment 
increase to a failure of economic policy. According to Westergaard-Nielsen 
(2001), the tight fiscal policy and the loss of competitiveness because of higher 
wages pushed unemployment up in the 1980s (see also Andersen et al., 2001). 
 Like in the early 1990s, the behaviour of unemployment in the second part 
of the decade is mainly explained by monetary and fiscal policies and shocks 
(see, Jonung, Schuknecht, and Tujula, 2006; Holmlund, 2006; Alexius and 
Holmlund, 2008; and Fregert and Pehkonen, 2009). According to Kiander 
(2004), the revival in Finnish employment towards the end of the 1990s took 
place without any deep labour market reforms. In turn, the breakthrough of 
information and communication technologies (ICT) improved competitiveness 
and increased exports rapidly (see also Koski and Ylä-Anttila, 2006 and 
Honkaphoja et al., 2009). In Denmark, measures reducing the labour force (leave 
schemes and early-retirement schemes) and good luck - the German unification 
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that increased Danish exports - also accounted for the unemployment decline 
(Green-Pedersen, 2001; Westergaard-Nielsen, 2001; and Christensen and Topp, 
1997). 
 In sum, Finland and Sweden experienced similar crises in the early 1990s. 
The origin of the slump can be traced to the second part of the 1980s when these 
economies deregulated their financial markets. The slump was mainly driven 
by a combination of bad luck and bad policies. Monetary and exchange rate 
policies were not used to stabilise the Finnish and Swedish economies in the 
1990s as in the 1970s and 1980s, instead they were used to defend the exchange 
rates by rising interest rates (Kiander, 2004). Nevertheless, Finland had more 
bad luck than Sweden given the collapse of trade with the Soviet Union. In 
addition, fiscal policy was more consistently countercyclical in Sweden than in 
Finland (Honkapohja and Koskela, 1999) and the rise in interest rates, shocks 
and tax changes had a smaller impact in Sweden (Fregert and Pehkonen, 2009). 
Although Denmark experienced similar macroeconomic developments, it did 
not suffer a similar banking crisis, which Edey and Hviding (1995) attribute to a 
more prudential supervision of Danish banks and tighter capital standards. 

In the following subsection, we present a summary and the main results of 
the four essays of this thesis, which contain our view of the main determinants 
shaping unemployment in Denmark, Finland, and Sweden from the CRT’s 
perspective. 
 
 
1.4 Summary and main results of the essays 
 
 
1.4.1 Three major approaches to the macroeconomics of the labour market 
 
Essay 1 deals with three major approaches to the macroeconomics of the labour 
market: (i) the frictionless equilibrium view of unemployment; (ii) the hysteresis 
hypothesis; and (iii) the chain reaction theory (CRT), or prolonged adjustment view, 
of unemployment. 
 This essay reviews the distinct conceptions of the labour market offered by 
the three approaches. It illustrates that the CRT explains the unemployment 
problem by recognising the interaction of growth and dynamics in the labour 
market and that one of its most salient features is that unemployment may 
substantially deviate from what is commonly perceived as its natural rate, even 
in the long-run. Finally, it argues that the CRT is not simply the middle ground 
between the frictionless equilibrium view and the hysteresis hypothesis, since 
the prolonged adjustments cover a wide diversity of phenomena explaining the 
movements of employment and unemployment and, most important, the CRT 
gives them individual and explicit attention rather than placing them between 
the other two views. 
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1.4.2 The (ir)relevance of the NRU for policy making: the case of Denmark  
 
Essay 2 reassesses the role of the NRU in policy making and argues that in the 
presence of frictional growth unemployment does not gravitate towards the 
NRU – instead, it can be described as chasing after a moving target. This essay 
focuses on Denmark as this economy challenges the NRU predictions. It is one 
of the successful economies in Europe having recovered, after experiencing 
serious unemployment problems, an unemployment rate close to full-
employment levels that is half the European average. The Danish labour market 
is among the most flexible and dynamic ones across Europe, resembling more 
the Anglo-Saxon model than the continental European labour markets. 
 Results from Essay 2 reveal that actual unemployment in Denmark does 
not evolve around its natural rate. The NRU can only explain one third of the 
variation in unemployment, while frictional growth accounts for the remaining 
two thirds. The analytic and empirical findings contained in this essay question 
the prominent role of the NRU in policy modelling. 
 
1.4.3 Capital accumulation and unemployment: new insights on the Nordic 

experience 
 
Essay 3 focuses on the relationship between capital stock and unemployment. It 
examines the proposition that the slowdown in the growth rate of capital is 
responsible for the rise in the Danish, Finnish and Swedish unemployment rate. 
It argues that capital stock is a determinant of unemployment, both in the short- 
and the long-run, and shows that capital accumulation can explain the diverse 
unemployment experiences of the Nordic countries. Essay 3 only focuses on the 
episodes of “high unemployment” in the Nordic countries and evaluates the 
extent to which capital accumulation is responsible for their diverse 
unemployment upturns over the last decades. Specifically, it examines the rise 
in Danish unemployment in the aftermath of the oil price shocks and the large 
unemployment increases in the early 1990s in all three economies. To link these 
unemployment upturns and the trajectory of capital stock, it first identifies the 
downturns in the growth rate of capital stock using kernel density analysis. It 
then conducts dynamic simulations to measure the contributions of capital 
stock to unemployment movements. These contributions quantify the 
unemployment effects of capital accumulation. 
 Results from Essay 3 show that capital stock explains around 30% of the 
Danish unemployment increase in the aftermath of the oil price shocks and near 
15% of the increase in the crisis of the early 1990s. In Sweden, capital 
accumulation contributes to 50% of the unemployment upsurge during the 
1990s. Finally, the unemployment rate in Finland would have been 5 percentage 
points lower without the 2 percentage points permanent drop of its capital 
stock growth rate in 1992. 
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1.4.4 The Nordic experience revisited: explaining labour market booms and 
slumps since the 1980s 

 
Essay 4 provides an account of the unemployment performance of Denmark, 
Finland, and Sweden during their recent labour market booms and slumps. It 
uses the empirical models of the previous essays to conduct new simulation 
exercises and further explore the determinants of unemployment. The analysis 
of this essay differs in three respects. First, it examines the unemployment 
effects of the whole set of explanatory variables, not only of changes in capital 
stock, on the Danish, Finnish, and Swedish unemployment trajectories. Second, 
it evaluates the impact of these exogenous variables in four different periods 
since 1980, instead of just focusing on the episodes of high unemployment. 
Third, it examines the process of adjustment of the unemployment rate to a 
temporary shock to capital stock. 
 Results from Essay 4 suggest that capital stock had an important role in 
the unemployment trajectory of the three countries, especially during the 
Finnish unemployment upturn in the 1990s. Fiscal policy also played an 
important role in Denmark and Sweden in the mid-1980s and in Finland during 
the first part of the 1990s, but its role was modest in the rest of the periods 
analysed. The external sector significantly influenced the Finnish 
unemployment trajectory. Variations in participation rates also had an impact 
on Danish, Finnish, and Swedish labour markets. Finally, the analysis also 
shows that it takes several years before a temporary shock to capital stock is 
completely absorbed by the labour market. In particular, Finland experienced 
the greatest initial impact of the shock and the shock was far more persistent. 
Nevertheless, the impact and persistence of the shock were also significant in 
Denmark and Sweden. 
 
 
1.5 Topics for further research 
 
 
The empirical essays of this thesis illustrate the importance of non-standard 
labour market variables in examining the unemployment trajectory of the 
Nordic countries. In particular, this study reveals that capital stock played the 
most important role in explaining the diverse unemployment experience of 
Denmark, Finland, and Sweden in the last decades. 
 Given the significant unemployment contributions of capital 
accumulation, we argue in this study that policies related to R&D activities, 
policies promoting innovations and productivity growth, or policies directly 
fostering investment and capital accumulation, can enhance the performance of 
the labour market. According to Chusseau and Hellier (2008), this is especially 
the case in the Nordic countries where the policy design combines subsidies to 
R&D and a great effort of redistribution and this results in higher growth, low 
inequality, and full employment. Piekkola (2006), however, finds evidence of a 
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positive effect of public subsidies to R&D on productivity growth only in small- 
and medium-sized Finnish firms and improved employment in companies with 
highly-paid R&D workers. Honkaphoja et al. (2009) agree on the importance of 
R&D policies and the role that the production and use of ICT plays in the 
Nordic countries. Plougmann and Madsen (2005) acknowledge this role in 
Denmark and Sweden. Other studies emphasising the role of ICT and R&D 
investments with a particular focus on the Finnish economy are Ebersberger 
(2004), Kiander (2004), and Dahlman, Routti and Ylä-Anttila (2006). Herbertsson 
(2003) points to both physical and human capital accumulation as a source of 
growth in the Nordic countries. According to Dahlman, Routti and Ylä-Anttila 
(2006), education is the most important element in a knowledge-based, 
innovation-driven economy, and human capital and skilled labour complement 
technological advances. In words of Honkaphoja et al. (2009, p. 83) investments 
in education and investments in R&D can be considered as investment in 
human capital and accumulation of human capital increases productivity and 
contributes to the economic growth. 
 The previous paragraph confirms how important is to (i) model technical 
change, (ii) include measures of R&D investments, (iii) evaluate the efficiency of 
the dual tax system on capital accumulation, and (iv) examine to which extent 
human capital accumulation is a source of growth and accounts for different 
unemployment experiences, in the analysis of the labour market of the Nordic 
countries. Given that in this study we have not explicitly considered these 
issues, they provide an avenue for future work. 
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2 ESSAY 1: THREE MAJOR APPROACHES TO THE 

MACROECONOMICS OF THE LABOUR MARKET 
 
 
 
ABSTRACT. This paper examines three major approaches to the 
macroeconomics of the labour market: (i) the frictionless equilibrium view of 
unemployment; (ii) the hysteresis hypothesis; and (iii) the chain reaction theory 
(CRT), or prolonged adjustment view, of unemployment. It shows that the CRT is 
not simply the middle ground between the frictionless equilibrium view and 
the hysteresis hypothesis, since it explains the unemployment problem by 
recognising the interaction of growth and dynamics in the labour market. 
 
 
2.1 Introduction 
 
 
During the last decades much attention has been placed on the labour market 
performance of Europe and the differing experiences across countries. The low 
and stable behaviour of unemployment in the 1960s and early 1970s led many 
economists to think on the idea of a “natural rate” to which unemployment 
would tend after short-run variations. However, after the two oil crises 
unemployment rates went up in almost all European countries. The high and 
rising European unemployment during the 1980s and its persistence led to 
reconsider the existence of a natural rate of unemployment (NRU), and brought 
the hysteresis hypothesis into the scene. In the early 1990s, European 
unemployment rose again fuelled by the international recession and the 
German reunification. Although European unemployment started to decline in 
the late 1990s, it stagnated at high rates in the 2000s. 
 Since the study of Layard, Nickell and Jackman (1991), much effort has 
been put to explain movements of European unemployment by focusing on the 
role of shocks and institutions (see also Blanchard and Wolfers, 2000). However, 
some studies focus purely on the role of institutions (for example, Nickell, 
Nunziata and Ochel, 2005 and Belot and van Ours, 2004). While others such as 
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Phelps (1994) and Phelps and Zoega (2001) focus on the structure of the 
economy. Nevertheless, there is an increasing interest among macro-labour 
economists to examine the role of growing variables such as capital stock in the 
trajectory of European unemployment - see, among others, Karanassou, Sala 
and Snower (2003, 2004). 
 These explanations proposed for the observed movements in European 
unemployment may be grouped in three: (i) the frictionless equilibrium view of 
unemployment; (ii) the hysteresis hypothesis; and (iii) the chain reaction theory 
(CRT), or prolonged adjustment view, of unemployment. 
 In this paper, we refer to each approach and show that the CRT is not 
simply the middle ground between the frictionless equilibrium view and the 
hysteresis hypothesis, since it explains the unemployment problem by 
recognising the interaction of growth and dynamics in the labour market.  
 
 
2.2 Main theoretical conceptions 
 
 
A wide variety of explanations have been proposed for the observed 
movements in European unemployment since the 1960s. The effort has been 
mainly put on the role of shocks and institutions, institutions alone, the 
structure of the economy and, more recently, on the role of growing variables. 
 Karanassou, Sala and Snower (2007) group the currently literature dealing 
with the macroeconomics of the labour market in three. First, the frictionless 
equilibrium view of unemployment according to which the labour market adjusts 
quickly to external shocks. Second, the hysteresis hypothesis where the equilibrium 
unemployment rate no longer returns to levels before the shock once the 
temporary shock reverses, and therefore reaches a new equilibrium. Third, the 
chain reaction theory (CRT), or prolonged adjustment view, of unemployment 
which postulates that labour markets react to external shocks but only slowly 
given that labour market decisions are subject to adjustment costs. 
 In what follows, we review and assess the distinct conceptions of the 
labour market offered by these approaches. 
 
2.2.1 The frictionless equilibrium view 
 
According to this view, the labour market adjusts quickly to external shocks 
and spends most of the time at or near its frictionless equilibrium position. In 
the case of static multi-equation models, labour market adjustments are ignored 
and in the case of dynamic single-equation unemployment rate models, all 
adjustments are suppressed into the autoregressive coefficients of the 
unemployment equation. In other words, the frictionless equilibrium view 
ignores the existence of lagged adjustment processes in labour market 
representations. Therefore, it follows that unemployment evolves around “an 
equilibrium rate of unemployment” or natural rate of unemployment (NRU), 
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which is conceived as an attractor of actual unemployment (Karanassou, Sala 
and Snower, 2007). 
 Within this view we find those studies that focus purely on the role of 
institutions – institutionalist view – (e.g., Nickell, Nunziata and Ochel, 2005), on 
the role of shocks and institutions (see, among others, Layard, Nickell and 
Jackman, 1991, and Blanchard and Wolfers, 2000) and those that focus on the 
structure of the economy - structuralist view - (see, for example, Phelps, 1994, 
and Phelps and Zoega, 2001). 
 
2.2.1.1 Definition of the NRU 
 
The concept of the NRU dates back to the late 1960s, when Friedman (1968) and 
Phelps (1967, 1968) conveyed the notion of an equilibrium level of 
unemployment consistent with a stable inflation.17 This means that at any 
moment there is some level of unemployment consistent with the equilibrium 
in the structure of real wage rates. A lower level of unemployment indicates an 
excess-demand for labour, and produces upward pressure on real wage rates. A 
higher level of unemployment indicates an excess-supply of labour, and 
produces downward pressure on real wage rates. This trade-off between 
inflation and unemployment is always temporary and not permanent.18 
 The simplest representation of the NRU is: 
 
 ,n

t tu u ε= +           (1) 
 
where tu  is the unemployment rate at time t , nu  is the natural rate, and tε  is a 
strict white noise stochastic process. 
 The concept of the NRU has been gradually refined since the 1970s. This is 
what we study in the following sections. 
 
2.2.1.2 The NAIRU model 
 
Since the late 1960s, the NRU has received notorious attention by macro and 
labour macro literature. However, while the former treats the NRU as an 
exogenous variable, the latter considers it endogenous. 
 Macro literature has put much effort to explain inflation dynamics rather 
than explaining the determinants of the unemployment rate and for this reason 
it treats the NRU as an exogenous variable. In other words, macro literature 
estimates the NRU as the unemployment rate compatible with inflation 

                                                 
17 According to Vickrey (1993, p. 2), the expression ““natural” rate of unemployment, is 

one of the most vicious euphemisms ever coined.” 
18 The NRU concept is closely related to the Phillips curve. The temporary trade-off 

implies that the Phillips curve is vertical in the long-run. Along this work we are not 
concerned with Phillips curve models, for an overview, see Karanassou, Sala and 
Snower (2009). 



 

 

35

stability, which is referred to as the non-Accelerating Inflation Rate of 
Unemployment (NAIRU).19 
 This approach consists of two equations: (i) a downward slopping price 
setting curve, which reflects the fact that imperfectly competitive firms equate 
marginal revenue with marginal cost, and (ii) an upward slopping wage setting 
curve determined by a bargaining process between the firm and the union. 
Prices, tp , are set as a mark-up on the expected wages, e

tw , and wages, tw , are 
set as a mark-up on the expected prices, e

tp , and these mark-ups tend to rise 
with the level of activity, represented by the unemployment rate, tu . A baseline 
representation of this approach is given by: 
 
 0 1

e
t t tp w uα α= + −          (2) 

 0 1
e

t t tw p uβ β= + −          (3) 
 
where 0α  represents price push factors; 0β  represents wage push factors; 1α  
captures price flexibility; and 1β  captures wage flexibility. Unemployment is in 
equilibrium only when there is consistency between the two intended mark-
ups. In the absence of nominal surprises ( e

t tp p= and e
t tw w= ), the solution gives 

the NRU-NAIRU: 
 

 
1 1

n o ou β α
β α

+=
+

          (4) 

 
Any factor accounting for higher flexibility in real wages, 1β , or prices, 1α , 
reduces the equilibrium rate. In turn, any factor that raises the wage, 0β , or 
price, 0α , push factors raises the NAIRU. On the other hand, with nominal 
surprises and by solving price expectations assuming a random walk model, 
the actual unemployment rate is characterised as: 
 
 1( )n

t t tu u b π π −= − −          (5) 
 
where lower unemployment is associated with positive price surprises and 
higher unemployment is associated with negative price surprises. 
 Alternatively, we can express equation (5) as 
 
 1 ( )nt t tb u uπ π −= − −          (6) 
 

                                                 
19 The acronym NAIRU was introduced by Modigliani and Papademos (1975) and then 

popularised by Layard and Nickell (1986) and Layard, Nickell and Jackman (1991). 
For a complete analytical development of the NAIRU approach see Layard, Nickell 
and Jackman (1991). 
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Thus the NAIRU, nu , is the unemployment rate at which inflation is stabilised 
in the long-run. 
 This approach made possible the distinction between a short- and a long-
run NAIRU. The long-run NAIRU, consistent with stable unemployment and 
inflation, is the rate of unemployment to which the system tends to return, 
while the short-run NAIRU, apart from implying consistency with stable 
inflation, shows a dependence on last year’s unemployment. 
 Some other extensions of this concept took place during the 1980s and 
1990s. First, the “triangle model of inflation” developed by Gordon (1982, 1997 
and 1998), according to which the lack of supply shocks in the relationship 
creates a problem of omitted variables and biases the coefficient of 
unemployment towards zero. The triangle model of inflation is 
  
 1 ( )nt t t tb u u dzπ π −= − − +         (7) 
 
where tz  is a vector of supply shocks. The term “triangle” refers to the 
dependence of the inflation rate on three determinants: (i) inertia, given by the 
lagged rate of inflation; (ii) an index of excess demand; and (iii) supply shocks. 
Second, the idea of a TV-NAIRU proposed by Gordon (1997) and Staiger, Stock 
and Watson (1997a and 1997b), which extends the triangle model by allowing 
the “nature” of the economy to change over time. 
 Contrary to macro literature, labour macro literature aims to identify the 
determinants and the size of the unemployment rate. That is, unemployment 
rate models endogenise the NRU and determine the economic factors which 
influence it. These “endogenous” NRU models explain the long-run changes in 
equilibrium unemployment by distinguishing two components. First, the so-
called “business cycle” or conjunctural unemployment movements usually 
ascribed to temporary shocks. Second, the so-called “trend” or long-run 
equilibrium movements arising from permanent changes in the determinants of 
unemployment. 
 The first attempt to determine the size of the natural rate is found in 
Phelps (1968).20 Phelps (1995, p.16) recalls that “there was a tendency among 
quite a few scholars, myself included, to forget that my 1968 paper on 
equilibrium unemployment sketched a substantive model of the determination 
of the size of the natural unemployment rate and the course of the equilibrium 
unemployment rate path which leads to it.”21 Phelps himself, however, 

                                                 
20 Phelps (1968) was the first one to model expectations in the natural rate theory by 

adopting the adaptive expectations hypothesis. In the 1970s, adaptive expectations 
were replaced by the assumption of agents forming their expectations rationally, a 
goal attributed to Lucas (1972a, 1972b and 1973). The adaptive and rational 
expectations are compatible in the sense that only a temporary trade-off between 
inflation and unemployment is possible. 

21 As an example, Phelps (1968) mentions that a faster growth of the labour force or a 
faster steady growth, if it entailed a higher average rate of layoff in the economy, 
would produce a higher natural rate. 
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recognises the need for a general equilibrium view of the natural rate given that 
the NRU has been treated as a parameter by the literature (Phelps, 1994, p. 1). 
 In his 1994’s book, Phelps models some general-equilibrium extensions of 
the incentive-wage theory of the natural rate and places the focus on the 
structure of the economy - giving rise to the structuralist theory (ST). The 
structure consists of: (i) firm’s assets, which drive the labour demand; and (ii) 
the income from the worker’s wealth that drives the wage setting curve. The 
aim of the ST is to disclose “the nonmonetary mechanisms through which 
various nonmonetary forces are capable of propagating slumps and booms in 
the contemporary world economy.” (Phelps, 1994, p. 1) 
 According to the ST, the actual unemployment rate can only temporarily 
deviate from its NRU. The objective of the ST is, thus, to identify the driving 
forces of the NRU. The set of NRU determinants in Phelps (1994) includes 
country-specific variables, world-wide variables and shocks. The country-
specific variables are capital stock, real public debt, real government spending, 
tax rates and some other institutional variables, price mark-ups induced by 
exchange rates, and some demographic variable. The world-wide variables 
include the real interest rate and the real price of oil. More recent ST studies 
also include the slowdown of productivity, the share of social expenditures in 
GDP, the educational composition of the labour force, and asset valuation in the 
determination of unemployment (see, for example, Phelps and Zoega, 1998, 
2001 and Fitoussi et al., 2000). In these papers, asset prices are the centrepiece of 
the ST. 
 
2.2.1.3 The short, medium, and long-run 
 
Macroeconomic literature usually views unemployment as two separated, and 
independent, components. These are the so-called “cyclical” (or business cycle) 
component and the “structural” (or trend) component of unemployment. The 
former refers to high-frequency movements or short-run variations usually 
ascribed to temporary shocks. While the latter points to low-frequency 
movements (or changes in the long-run equilibrium) arising from permanent 
changes in the determinants of unemployment. In other words, the evolution of 
unemployment is generally seen as short-run variations around a long-run 
equilibrium rate, which is the NRU or NAIRU.22 In this way, the natural rate 
serves as an attractor of the actual unemployment rate (Karanassou, Sala and 
Snower, 2007). 
 This view of unemployment as two separated components conforms with 
the frictionless equilibrium view – institutionalists, structuralists, and studies 
that focus on the role of shocks and institutions. According to this view, the 
labour market adjusts quickly to external shocks and thus this market spends 
most of the time at or near its frictionless equilibrium position. This means that 
only temporary shocks affect unemployment and these shocks have only 
temporary effects. This approach ignores the influence of permanent shocks. In 
                                                 
22 See Blanchard and Fischer (1989), and Blanchard, Nordhaus and Phelps (1997). 
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particular, the ST cannot analyse the effects of permanent shocks on 
unemployment since it models unemployment dynamics through a stationary 
single equation that can only feature temporary labour market shocks. 
 
2.2.1.4 The frictionless equilibrium view and the invariance hypothesis 
 
This section deals with a questionable restriction always imposed to the 
frictionless equilibrium view of unemployment. The restriction is that, 
according to this view, the long-run unemployment rate is independent of 
growing exogenous variables. This restriction is what Karanassou and Snower 
(2004) call the “unemployment invariance hypothesis.” This hypothesis implies 
that the behaviour of the labour market, by itself, ensures that the long-run 
unemployment rate is independent of trended variables and contains all the 
equilibrating mechanisms that guarantee unemployment invariance. 
 There are two forms of the unemployment invariance hypothesis: (i) the 
“strong invariance” and (ii) the “weak invariance” hypothesis.23 The former 
asserts that any change in capital stock, total factor productivity (TFP) or 
working-age population leads to opposite shifts in the labour demand, wage 
setting, and labour supply curves to keep the unemployment rate at its original 
equilibrium level. This is in line with the institutionalist view of unemployment. 
An example of this type of unemployment invariance is found in the work of 
Layard, Nickell and Jackman (1991). The weak invariance hypothesis, on the 
other hand, asserts that the long-run unemployment rate can be influenced by 
capital stock, TFP and working-age population, but only in trendless 
transformations. This is in line with the structuralist view of unemployment 
according to which the unemployment rate may depend, for example, on the 
ratio of capital to labour (see Phelps, 1994 and Fitoussi et al. 2000). 
 
2.2.2 The hysteresis hypothesis 
 
The strong unemployment persistence in Europe during the 1980s reflected no 
consistence with the NRU and NAIRU theories and manifested in the necessity 
of alternative explanations. This gave rise to the idea of hysteresis.24 There are 
plenty of definitions and interpretations of hysteresis in the labour market 
literature.25 However, in this section we refer to two different approaches. First, 
the mainstream literature, which assumes that unemployment follows an 
autoregressive process of order p  and the sum of the autoregressive 
coefficients, usually unity, is the measure of persistence. Second, a broader 
approach that allows for changes in the mean rate of unemployment over time 
as part of the definition of unemployment persistence. 
 
                                                 
23 See Karanassou and Snower (2004). 
24 See Cross (1988) for a compilation about the hysteresis hypothesis and the natural 

rate theory. 
25 See Rφ ed (1997). 
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2.2.2.1 Traditional definition 
 
The traditional definition of hysteresis postulates an extreme persistence of 
unemployment and focuses on the protracted effects of temporary shocks on 
unemployment. According to this view, the equilibrium unemployment rate no 
longer returns to the original equilibrium path once a temporary shock is 
reversed. Instead, the effects of the shock become permanent and the 
equilibrium unemployment rate reaches a new equilibrium. 
 A formal definition of the hysteresis hypothesis is: 
 
 1 ,t t tu u ε−= +           (8) 
 
where tu  is the unemployment rate at time t , 1tu −  is the unemployment rate in 
the previous period, and tε  is a strict white noise stochastic process. This 
formulation assumes that unemployment follows a unit root process. 
 
2.2.2.2 Three theoretical mechanisms 
 
The initial formulation of the hysteresis hypothesis is found in the seminal 
works of Blanchard and Summers (1986, 1987), which focus on the mechanisms 
explaining the propagation of adverse supply and demand shocks over long 
periods of time. In particular, these mechanisms are the “insider-outsider”, 
“human capital”, and “physical capital” arguments. 
 The insider-outsider mechanism is explained by assuming that the unions’ 
utility function only depends on the employed workers. Wages therefore are set 
by bargaining between employed workers - the insiders - and firms, with no 
role for the outsiders. Under this assumption, the insiders are concerned by 
maintaining their jobs, which has two implications: (i) in the absence of shocks, 
any level of employment of insiders is “self-sustaining” with insiders just 
setting the wage so as to remain employed, and (ii) in the presence of shocks, 
employment follows a random walk process; after an adverse shock, which 
reduces employment, some workers lose their insider status and the new 
smaller group of insiders sets the wage so as to maintain its new lower level of 
employment. This suggests that, if wage bargaining is a prevalent feature of the 
labour market, the dynamic interactions between employment and the size of 
the group of insiders may generate substantial employment and unemployment 
persistence. The key assumption in the analysis is the relation between the 
employment status and the insider status. The possibility of persistent 
fluctuations in employment arises because changes in employment may change 
the group’s membership (Blanchard and Summers, 1986, p. 16). 
 The human capital argument holds that workers who are unemployed 
lose the opportunity to maintain and update their skills by working. 
Particularly for the long term unemployed, the atrophy of skills may combine 
with disaffection from the labour force associated with the inability to find a 
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job, to reduce the effective supply of labour (Blanchard and Summers, 1986, p. 
14). 
 The physical capital argument states that reductions in the capital stock 
associated with the reduced employment that accompanies adverse shocks 
diminish the subsequent demand for labour, and cause protracted 
unemployment (Blanchard and Summers, 1986, p. 13). 
 In short, Blanchard and Summers’ main claim is that persistent high 
unemployment can be understood in terms of hysteresis mechanisms. In this 
context, membership effects - the distinction between insiders and outsiders - 
jointly with wage rigidity are important sources of hysteresis. According to 
Blanchard and Summers (1986), only unexpected nominal and real shocks have 
permanent effects on employment. Once employment has decreased, it remains, 
in the absence of other shocks, permanently at the lower level. Finally, they 
stress the importance of identifying the circumstances under which persistence 
is likely to arise. That is, if hysteresis is the result of: (i) specific labour market 
structures; (ii) the presence of unions; or (iii) whether it is itself the result of 
adverse shocks which, by increasing unemployment, trigger the insider-
outsider dynamics. 
 In a well-known contribution, Alogoskoufis and Manning (1988) disagree 
with Blanchard and Summers’ statement about the speed at which the 
unemployed workers become outsiders and the assumption of insiders just 
caring about their employment prospects.26 If insiders also care about their real 
wages, then they should balance their employment target against their wage 
aspirations. In this case, an analysis of wage setting and alternative sources of 
unemployment persistence is needed. These sources are “membership of the 
group of insiders”, “wage aspirations”, and “demand for labour.” 
 When unions are just concerned with the employment of their members, 
the evolution of union membership is then one of the determinants of the 
evolution of employment and unemployment. The union sets the wage as high 
as is consistent with the full employment of insiders, so the wage setting curve 
is vertical at the unemployment level where all insiders are employed. When an 
unanticipated deflationary shock pushes unemployment up and all the newly 
unemployed immediately lose their insider status, the union stops being 
concerned about their re-employment prospects. The wage setting curve shifts 
to the right and then wages will be set to ensure that only those who did not 
lose their jobs remain employed. Therefore, the current equilibrium 
unemployment rate becomes a new and permanent equilibrium unemployment 
rate.27 This is the extreme case of hysteresis postulated by Blanchard and 
Summers. On the contrary, when unions care about both employment and real 
wages, the wage setting curve is downward sloping. An adverse disturbance 
displaces the equilibrium point, causing an upward shift in the wage setting 

                                                 
26 See Alogoskoufis and Manning (1988, p. 464-467) for a complete analytical 

development. 
27 If unions also care about the newly unemployed, we return to the initial equilibrium 

level. The speed of adjustment depends on the weight given to the currently 
employed. 
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curve and, in the absence of further shocks; unemployment is higher than the 
original equilibrium, but lower than the unemployment rate immediately after 
the shock. Unemployment gradually converges to the equilibrium value, as the 
wage setting curve gradually shifts downwards when the temporary shock 
disappears. Hysteresis does not occur anymore, although unemployment 
exhibits persistence (Alogoskoufis and Manning, 1988, pp. 432-436). 
 The second source of unemployment persistence is wage aspirations 
developed by wage setters and their unions. The sluggish real wage’s effect is 
introduced with a short-run wage setting curve flatter than the long-run wage 
setting curve. An unanticipated adverse shock displaces the equilibrium point 
and in the absence of further shocks, unemployment and real wages next period 
will be lower than immediately after the shock. Thus, both start adjusting 
downwards along the labour demand curve, as the short-run wage setting 
curve gradually shifts towards its long-run position. The persistence of 
unemployment depends on the persistence of real wage aspirations and is 
higher, the steeper the labour demand schedule, and the larger the weight put 
by insiders on wages relatively to employment (Alogoskoufis and Manning, 
1988, pp. 436-437). 
 Finally, the third source of persistence, demand for labour, is analysed 
with a short-run labour demand steeper than a long-run one. An unanticipated 
deflationary shock disturbs the initial equilibrium and increases unemployment 
and real wages. In the absence of further shocks, the short-run equilibrium in 
the following period is at the intersection of the new short-run labour demand 
curve with the wage setting curve. Over time, the short-run labour demand 
curve shifts to the left, unemployment gradually falls, and real wages rise 
towards equilibrium. Persistence of unemployment depends positively on 
persistence in labour demand, and is higher the steeper the short-run labour 
demand curve, and the larger the weight assigned by unions to wages relatively 
to employment (Alogoskoufis and Manning, 1988, pp. 437-438). 
 In general, unemployment does not display hysteresis and converges to its 
equilibrium rate because unions wish to trade off real wages for 
unemployment. 
 
2.2.2.3 A broader definition of unemployment persistence 
 
According to Bianchi and Zoega, “the conventional definition of unemployment 
persistence fails to distinguish between the persistence of different shocks by 
taking into account the possibility of large shocks changing the model 
parameters” (1998, p. 285). For this reason, they provide a broader definition of 
unemployment persistence that allows the mean rate of unemployment to 
change abruptly over time. A formal representation is of the following form: 
 
 1t i t tu uμ ε−= + +           (9) 
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where tu  is the unemployment rate at time t , iμ  is the mean value of 
unemployment in a specific subsample,28 1tu −  is the unemployment rate in the 
previous period, and tε  is a strict white noise stochastic process. 
 Bianchi and Zoega (1998) argue that the traditional approach, which 
explains unemployment persistence only by the effect of lagged unemployment 
on equilibrium unemployment, is inconsistent with the data. The reason is that 
the evidence shows that the autoregressive parameter is less than one. 
Therefore, changes in the part of the natural rate that is independent of past 
unemployment levels, μ , are necessary. In their 1998 study, they mention two 
sets of models that account for these changes: (i) models with multiple 
equilibria, and (ii) models attempting to explain changes in the natural rate over 
time.29 
 When abrupt shifts occur in the model parameters, Bianchi and Zoega 
attribute them to structural changes, or large shocks, in the economy. They 
assume that a mean shift is always observed as the result of a large shock. This 
is the reason why they call their model the “shifting mean value” (SMV) model. 
 The SMV is a generalisation of the traditional definition (equation (8)) in 
the sense that if there is only one equilibrium in the series, the mean 
unemployment rate, μ , is constant over the sample period, rather than 
infrequently changing and the broader definition reduces to the traditional one. 
On the other hand, if there is more than one equilibrium in the series, there are 
regime shifts in unemployment. 
 As pointed out in Bianchi and Zoega (1998), in empirical exercises both the 
traditional and the broader definitions aim at obtaining an estimate of the 
persistence of shocks. However, whereas the original definition of hysteresis 
only requires the estimation of an autoregressive process, the broader approach 
requires first an estimation of the number of mean shifts and the dating of the 
mean shifts. 
 
2.2.2.4 The unobserved components model 
 
Next, we refer to the study of Jaeger and Parkinson (1994), which introduces an 
innovative approach: they apply the Kalman-filter technique to an unobserved 
components (UC) model of the unemployment rate to evaluate the data in 
search for hysteresis effects.30 
 These authors find unnecessarily restrictive the association of the word 
hysteresis to the cases where the unemployment series has a unit root and take 
hysteresis as a phenomenon whereby changes in cyclical unemployment affect 
the natural rate, with which both the natural rate and cyclical unemployment 
do not evolve independently of each other. In this new specific framework the 

                                                 
28 See Bianchi and Zoega (1998, p. 285). 
29 For a broader explanation about the workings of these two models see Bianchi and 

Zoega (1998, p. 301-302). See also Hughes-Hallett and Piscitelli (2002), and Raurich, 
Sala and Sorolla (2006) for theoretical developments in multiple equilibria. 

30 See also Logeay and Tober (2006) for a similar analysis. 



 

 

43

observed unemployment rate, tu , is decomposed into a non-stationary natural 
rate component, n

tu , and a stationary cyclical component, c
tu : 

 
 ,n c

t t tu u u= +           (10) 
 
Hysteresis effects are introduced by allowing cyclical unemployment to have a 
lagged effect on the natural rate: 
 
 1 1,

n n n c
t t t tu u uε α− −= + +          (11) 

 
Finally, the model is completed with a third equation, which defines the cyclical 
component of the unemployment rate as a stationary second-order 
autoregressive process: 
 
 1 1 2 2 ,c c c c

t t t tu u uφ φ ε− −= + +          (12) 
 
where c

tε  and n
tε  are mutually uncorrelated shocks. 

 
This framework allows for hysteresis not just entering through the dependence 
of actual unemployment on past values, but from the influence of cyclical 
unemployment on the natural rate. 
 From the perspective of the UC model, a unit root in unemployment is a 
necessary but not a sufficient condition for hysteresis, because a unit root in 
unemployment may be induced by natural rate shocks and be entirely 
independent of the existence of hysteresis. By contrast, in the UC model, 
hysteresis in unemployment occurs if movements in the cyclical component 
also affect the natural rate component. 
 
2.2.2.5 Hysteresis and the invariance hypothesis 
 
Like the frictionless equilibrium view of unemployment, the hysteresis 
hypothesis is also imposed the restriction that the long-run unemployment rate 
is independent of growing exogenous variables. 
 This approach also ignores the influence of trended exogenous variables - 
e.g., capital stock, TFP or working-age population – on the trajectory of 
unemployment. Given that trended variables are overlooked in labour market 
representations, the hysteresis hypothesis also presupposes that the labour 
market, by itself, contains all the equilibrating mechanisms that guarantee 
unemployment invariance (Karanassou and Snower, 2004). 
 Unlike the frictionless equilibrium view of unemployment where both 
forms of the unemployment invariance hypothesis – strong and weak – are 
possible, only the strong form applies to the hysteresis hypothesis. 
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2.2.2.6 The short, medium, and long-run 
 
According to the frictionless equilibrium view of unemployment, the short- and 
long-run states of the labour market are compartmentalised. This 
compartmentalisation implies that the unemployment rate evolves around the 
NRU from which it only temporarily deviates. This compartmentalisation does 
not apply to the hysteresis hypothesis. Recall this approach asserts that 
unemployment reaches a different equilibrium path and stays permanently on 
it once a shock affects the unemployment trajectory. That is, temporary shocks 
lead to permanent changes in the unemployment rate. Given that each cyclical 
variation becomes permanent, the distinction between the short- and long-run 
states of the labour market no longer holds.31 
 Like the frictionless equilibrium view, the hysteresis hypothesis only 
considers the influence of temporary shocks disturbing the equilibrium and 
ignores the influence of permanent shocks. However, while in the former 
approach temporary labour market shocks have only temporary 
unemployment repercussions, under the latter approach temporary shocks lead 
to permanent changes in the unemployment rate. 
 
2.2.3 The CRT or prolonged adjustment view 
 
The third approach concerned with the macroeconomics of the labour market is 
the CRT, or prolonged adjustment view, of unemployment initially developed by 
Karanassou and Snower (1996). 
 According to the CRT, the labour market adjusts only slowly to external 
shocks because many labour market decisions are subject to adjustment costs: 
(i) employment adjustments arising from labour turnover costs (hiring, training 
and firing costs); (ii) wage and price staggering; (iii) insider membership effects; 
(iv) long-term unemployment effects; and (v) labour force adjustments, among 
others.32 Consequently, current decisions may depend on past labour market 
outcomes. 
 Like the structuralist and institutionalist theories, the CRT aims at 
identifying the economic factors responsible for the evolution of the 
unemployment rate. Nevertheless, unlike the structuralist and institutionalist 
theories, the CRT is an interactive dynamics approach: it applies dynamic 
multi-equation systems with spillover effects to the labour market to explain the 
time path of unemployment (Karanassou, Sala and Snower, 2007). 
 Since the unemployment rate is a nontrended variable, single-equation 
unemployment models have to use exogenous variables that do not display a 

                                                 
31 See Karanassou, Sala and Snower (2007). 
32 These adjustment costs are well documented in the literature. See, for example, 

Nickell (1978), Sargent (1978), Taylor (1979), Lindbeck and Snower (1987), and 
Layard and Bean (1989). For recent evidence on adjustment costs – particularly, 
dynamic models with flexible adjustment - see Masso and Heshmati (2003), 
Heshmati and Bhandari (2005), and Piekkola (2006) for the Estonian, Indian, and 
Finnish manufacturing, respectively. 
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trend. This is not the case when multi-equation labour market models are used - 
the only requirement is that each trended endogenous variable (e.g. 
employment, real wage, labour force) is balanced with the set of its explanatory 
variables. The CRT argues that growth drivers – capital stock, technical change, 
productivity or working-age population – matter for unemployment and can 
explain the performance of the labour market.33 
 In the context of multi-equation labour market models, changes in the 
unemployment rate are viewed as “chain reactions” of its responses to 
temporary and permanent labour market shocks. The unemployment responses 
work their way through a network of interacting lagged adjustment processes. 
 In other words, the CRT postulates that the evolution of unemployment is 
driven by the interplay of lagged adjustment processes and the spillover effects 
within the labour market system. Spillover effects arise when shocks to a 
specific equation feed through the labour market system. The label “shocks” 
refers to changes in the exogenous variables. 
 
2.2.3.1 A formal representation of the CRT 
 
We illustrate the workings of the CRT with the following modified version of 
the labour market systems presented in Karanassou, Sala and Snower (2007, 
2009), which consists of labour supply, labour demand, and real wage 
equations: 
  
 2 1 2 ,t t tl l zα β−= +           (13) 
 1 1 1 ,t t t tn n k wα β γ−= + −          (14) 
 3t t tw x uβ δ= −           (15) 
 
where tl , tn , and tw  denote the endogenous labour force, employment, and real 
wage, respectively; tz  is working-age population, tk  is real capital stock, and tx  
represents a wage push factor (e.g. benefits); the autoregressive parameters are 

1 20 , 1α α< < , and the  β ‘s, γ , and δ  are positive constants. All variables are in 
logs and we ignore the error terms for ease of exposition. The unemployment 
rate (not in logs) is34 
 
 .t t tu l n= −            (16) 
 
We should note that when either γ  or δ  are zero in the model (13)-(15), labour 
market shocks do not spillover from labour supply to labour demand and vice 
versa. In other words, the influence of the exogenous variables ( tk and tz ) on 

                                                 
33 In Essay 3, we focus on the relationship between capital stock and unemployment 

and show that capital accumulation can explain the diverse unemployment 
experiences of the Nordic countries. 

34 Since labour force and employment are in logs, we can approximate the 
unemployment rate by their difference. 
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unemployment can be measured through individual analysis of the labour 
demand and supply equations. In particular, if unemployment does not 
influence wages ( 0)δ = , then labour demand and supply shocks do not 
spillover to wages. As a result, capital stock changes do not affect labour force, 
and changes in working-age population do not affect employment. If, on the 
other hand, 0γ =  shocks to wage setting do not affect employment and, 
consequently, do not spillover to unemployment. Thus the wage elasticity of 
demand provides the mechanism through which changes in the wage push 
factor tx  feed through to unemployment. This can be seen clearly in the 
reduced form unemployment rate equation (22) derived below. 
 Let us rewrite the labour supply and demand equations (13)-(14) as 
 
 ( )2 21 ,t tB l zα β− =          (17) 
 1 1(1 ) ,t t tB n k wα β γ− = −         (18) 
 
where B  is the backshift operator. Substitution of (15) into (18) gives 
 
 1 1 3(1 ) .t t t tB n k x uα β γβ γδ− = − +        (19) 
 
Multiplying both sides of (17) and (19) by 1(1 )Bα−  and 2(1 )Bα− , respectively, 
gives 
 
 ( )( ) ( )1 2 2 11 1 1 ,t tB B l B zα α β α− − = −       (20) 

 
( )( ) ( ) ( )

( )
1 2 1 2 3 2

2

1 1 1 1

1 .
t t t

t

B B n B k B x

B u

α α β α γβ α
γδ α

− − = − + −

+ −
   (21) 

 
Finally, use the definition (16) and subtract (21) from (20) to obtain the reduced 
form unemployment rate equation:35 
 

 1 2 2 1 1 2

3 2

(1 )(1 ) (1 ) (1 )
(1 ) .
t t t

t

B B u B z B k
B x

γδ α α β α β α
γβ α

+ − − = − − −
+ −

   (22) 

 
The term “reduced form” means that the parameters of the equation are not 
estimated directly – they are simply some nonlinear function of the parameters 
of the underlying labour market system. 
 Alternatively, the reduced form unemployment rate equation (22) can be 
written as 
 
 1 1 2 2 2 1 1 1 2 1,t t t k t z t x t k t z t x tu u u k z x k z xφ φ θ θ θ α θ α θ α θ− − − − −= − − + + + − −  (23) 

                                                 
35 Note that (22) is dynamically stable since (i) products of polynomials in B  which 

satisfy the stability conditions are stable, and (ii) linear combinations of dynamically 
stable polynomials in B  are also stable. 
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where ( ) ,1
1

1
21
γδ

γδααφ +
++=  ,12

21
γδ
ααφ +=  ,1

1
γδ

βθ +=k  ,1
2
γδ

βθ +=z  and γδ
γβθ += 1

3
x . 

 
Parameterisations (22) and (23) of the reduced form unemployment rate 
equation show the following. First, the autoregressive parameters 1φ  and 2φ  
embody the interactions of the employment and labour force adjustment 
processes ( 1α  and 2α , respectively). Second, the short-run elasticities ( ,kθ ,xθ  
and zθ ) are a function of the feedback mechanisms that give rise to the spillover 
effects in the labour market system. Third, the interplay of the lagged 
adjustment processes and the spillover effects can be captured by the induced 
lag structure of the exogenous variables. 
 In applied work, the NRU is defined as the equilibrium unemployment 
rate at which there is no tendency for this rate to change at any time t , given the 
permanent component values of the exogenous variables at that time. In this 
sense, it represents the unemployment that would be achieved once all the 
lagged adjustment processes have been completed in response to the 
permanent components of the exogenous variables. 
 Therefore, the NRU is computed by setting the backshift operator B  equal 
to unity in the unemployment rate equation (22): 
 

 2 1 1 2 3 2

1 2

(1 ) (1 ) (1 ) ,
(1 )(1 )

n t t t
t

z k xu β α β α γβ α
γδ α α

− − − + −=
+ − −

% %%      (24) 

where the  above the variable denotes its permanent component. Naturally, 
the estimates of the NRU reflect the decision on which changes in the 
exogenous variables are permanent or temporary. 
 
2.2.3.2 Long-run unemployment, NRU, and frictional growth 
 
A salient feature of the CRT is that unemployment may substantially deviate 
from what is commonly perceived as its natural rate, even in the long-run. This 
was first pointed out by Karanassou and Snower (1997) and lies in sharp 
contrast with the conventional wisdom that the NRU is the attractor of the 
unemployment rate. 
 To elaborate this issue we use the labour market system (13)-(16) and 
make the plausible assumption that capital stock ( )tk , the wage-push factor 
( )tx , and working-age population ( )tz  are growing variables with growth rates 
that stabilise in the long-run. (Note that the growth rates of log variables are 
proxied by their first differences, ( )Δ ⋅ , and recall that the superscript LR  denotes 
the long-run value of the variable.) 
 Equation (16) implies that unemployment stabilises in the long-run, 

0LRuΔ =  , when 
 
 .LR LRl n λΔ = Δ =           (25) 
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 In other words, the restriction that the growth rate of employment is equal 
to the growth rate of labour force, say γ , ensures unemployment stability in the 
long-run.36 
 Let us substitute the wage equation (15) into the labour demand equation 
(14) and rewrite the resulting equation and the labour supply equation (13) as 
 

 2 2

2 2

,
1 (1 )t t tl z lβ α

α α
= − Δ

− −
        (26) 

 31 1

1 1 1 11 1 1 (1 )t t t t tn k x u nγββ αγδ
α α α α

= − + − Δ
− − − −

     (27) 

 
Substitution of the above equations into (16) and some algebraic manipulation 
yields the following expression for the unemployment rate: 
 

 32 1 1 2

2 1 1 1 2

,
1 1 1 (1 ) (1 )t t t t t tu z k x n lγββ β α αζ ζ

α α α α α
⎛ ⎞ ⎛ ⎞

= − + + Δ − Δ⎜ ⎟ ⎜ ⎟− − − − −⎝ ⎠ ⎝ ⎠
 (28) 

 
where  1

1

1
1 .α

α γδζ −
− +=  

The long-run unemployment rate is obtained by imposing restriction (25) on 
parameterisation (28) of the reduced form unemployment rate equation: 
 

 32 1 1 2

2 1 1 1 2

( ) .
1 1 1 (1 )(1 )

LR LR LR LRu z k xγββ β α α λζ
α α α α α

⎡ ⎤
⎢ ⎥⎛ ⎞ −⎢ ⎥= − + +⎜ ⎟− − − − −⎢ ⎥⎝ ⎠
⎢ ⎥⎣ ⎦

1442443144444424444443
frictional growthnatural rate of unemployment

  (29) 

 
Observe that the first term of (29) gives the NRU, whereas the second term of 
(29) captures frictional growth, i.e., 
 
 long - run unemployment rate = NRU + frictional growth,  
 
where frictional growth arises from the interplay between the lagged 
adjustment processes and the growing exogenous variables. 
 The long-run value ( )LRu  towards which the unemployment rate 
converges reduces to the NRU only when frictional growth is zero. This occurs 
when (i) the exogenous variables have zero growth rates in the long-run (so that 

0λ = ), or (ii) the labour demand and supply equations have identical dynamic 
structures (so that 1 2α α= ). 

                                                 
36 The above restriction can also be expressed in terms of the long-run growth rates of 

the exogenous variables: 

 31 2

1 1 2

.
1 1 1

LR LR LRk x zγββ β λ
α α α

Δ − Δ = Δ =
− − −
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 Therefore, frictional growth implies that under quite plausible conditions 
(e.g. different labour demand and supply dynamics, and growing exogenous 
variables) the natural rate is not an attractor of the moving unemployment. In 
these circumstances, the relevance of the NRU in policy making is 
questionable.37 
 
2.2.3.3 Lagged adjustment processes and their interactions 
 
According to the CRT, actual labour market decisions depend on past labour 
market decisions because of adjustment costs. In other words, the presumption 
underlying CRT models is that current labour market activity depends on the 
past, and that the process of adjustment may take a long time to work itself out 
(Karanassou and Snower, 1998). 
 These lagged adjustment processes are well documented in the literature 
and refer, among others, to: (i) employment adjustments arising from labour 
turnover costs (hiring, training and firing costs); (ii) wage and price staggering, 
(iii) insider membership effects; (iv) long-term unemployment effects; and (v) 
labour force adjustments.38 
 By identifying the various lagged adjustment processes, the CRT can 
explore their interactions and quantify the potential 
complementarities/substitutabilities among them. For example, if the 
prolonged adjustments or lags are complementary with one another in 
propagating temporary and permanent labour market shocks, the joint 
influence of all the existing lags is greater than the sum of their individual 
influences. In this case, it will take unemployment much longer to recover in 
the aftermath of a recession than the period spanned by any particular lag.39 
 This dimension of the labour market is ignored by both the frictionless 
equilibrium view of unemployment and the hysteresis hypothesis. The former 
focuses attention on the long-run equilibrium unemployment rate once the 
adjustment processes have worked themselves out, which generally takes a few 
years. While in the latter approach, unemployment is assumed to have a unit 
root regardless of which the underlying adjustment processes are.40 
 
2.2.3.4 Unemployment persistence and responsiveness 
 
As noted, in CRT models current labour market activity depends on the past 
and the process of adjustment may take a long time to work itself out. That is, 
movements of unemployment are viewed as the outcome of the interplay 
between the lagged adjustment processes and the dynamic properties of the 
shocks. Shocks are not absorbed instantly and their effects are felt through time. 

                                                 
37 In Essay 2, we show that the NRU only explains a small fraction of the variation in 

unemployment in Denmark, while frictional growth accounts for most of it. 
38 See footnote 32. 
39 Karanassou and Snower (1998, p. 836-837) develop lags complementarities 

analytically. 
40 See Karanassou, Sala and Snower (2007). 
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According to the CRT, unemployment responds differently, through time, to a 
temporary shock than to a permanent one. For this reason, this approach 
analyses the after-effects of both temporary and permanent shocks.41 
 The concept that captures the after-effects of temporary shocks is 
“unemployment persistence”, while the concept that captures the after-effects 
of permanent shocks is “imperfect unemployment responsiveness.”42 These two 
measures provide insights into the way unemployment moves through time. 
 To define unemployment persistence suppose a one-off temporary shock 
in an exogenous variable occurring at period t . Unemployment persistence, σ , 
is the sum of its responses for all periods t j+  in the aftermath of the shock 

1j ≥ : 
 

 
1

,t j
j
Rσ

∞

+
=

≡∑           (30) 

 
where the series t jR + , 0j ≥  is the impulse response function of unemployment 
to the shock (impulse). 
 If the unemployment model is static, then the shock is absorbed instantly 
and so persistence is zero ( 0)σ = . If it is dynamically stable, like CRT models, 
then the effects of the shock gradually die out and persistence is a finite 
quantity. Finally, if unemployment displays hysteresis, then the temporary 
shock has a permanent effect and thus σ = ∞ .43 
 Given that the temporary shock represents the change in a specific 
exogenous variable, then: (i) the immediate response, tR , is the short-run 
elasticity of the unemployment rate with respect to that explanatory variable, 
and (ii) the sum of the immediate response, tR , and persistence, σ , gives the 
long-run elasticity of the unemployment rate with respect to that explanatory 
variable. Thus, the long-run elasticity of the variable is: 
 

 
{ {

0
σ .t t j

j
R R

∞

+
=

+ = ∑
14243persistenceshort-run elasticity

long-run elasticity

      (31) 

 
On the other hand, unemployment responsiveness measures the cumulative 
unemployment effect of a permanent shock when unemployment does not 
adjust immediately to the new long-run equilibrium. In particular, suppose that 
the economy, in an initial long-run equilibrium, is perturbed by a unit 
permanent shock. The unemployment responsiveness is the sum of the 

                                                 
41 For an illustration of the unemployment dynamics, see Karanassou, Sala and Snower 

(2007, p. 169-178). 
42 See Karanassou and Snower (1996, 1998) and Pivetta and Reis (2004). 
43 In Section 5.5 of Essay 4, we show how the adjustment process of the unemployment 

rate to a temporary shock to capital stock may take a long time to work itself out, and 
measure the unemployment effects quantitatively. 
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differences through time between the actual unemployment rate and the new 
(post-shock) long-run equilibrium unemployment rate: 
 

 
0

1 ,t j
j
Rρ

∞

+
=

⎡ ⎤≡ −⎣ ⎦∑          (32) 

 
If unemployment responds instantaneously to the shock and jumps to its new 
long-run equilibrium, then 0ρ = , i.e., unemployment is perfectly responsive. If 
unemployment responds only gradually, so that the short-run unemployment 
effects of the shock are less than the long-run effect (undershooting), then 
unemployment is under-responsive and 0ρ < . Finally, unemployment can 
overshoot its long-run equilibrium, then unemployment is over-responsive, 

0ρ > . 
  
2.2.3.5 The short, medium, and long-run 
 
As noted in previous paragraphs, in the frictionless equilibrium view of 
unemployment the short- and long-run states of the labour market are 
compartmentalised, while under the hysteresis hypothesis the long-run 
equilibrium is indistinguishable from the cyclical fluctuations. The view of the 
CRT is that the short- and long-run states of the labour market cannot be 
decomposed. On the contrary, the short- and long-run - or cyclical and 
structural unemployment - are imbedded in the concept of frictional growth 
(Karanassou, Sala and Snower, 2007). 
 Recall that movements in unemployment are driven by the interaction 
between labour market shocks and a network of lagged adjustment processes. 
In this context, the unemployment effects of a particular shock are extended 
through time, making the short- and long-run to be interrelated. Given that 
movements in unemployment are viewed as the cumulus of prolonged 
adjustments to a wave of labour market shocks and the adjustments can be very 
prolonged, it makes no sense to divide those movements into structural and 
cyclical. As pointed out by Karanassou and Snower (1998), the two components 
of unemployment are so interdependent that their interactions become more 
significant than their distinction. 
 In addition, only temporary shocks affect unemployment in both the 
frictionless equilibrium view and the hysteresis hypothesis. These approaches 
ignore the influence of permanent shocks. On the contrary, the CRT considers 
the role of temporary and permanent shocks on the trajectory of 
unemployment. These shocks affect a specific equation and then feed through 
the labour market system. The existence of lags, interacting with one another, 
prolongs the unemployment effects of the shock and, thus, unemployment 
responds differently, through time, to a temporary than to a permanent shock. 
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2.3 Discussion 
 
 
The three major approaches to the macroeconomics of the labour market 
discussed in this paper provide distinct conceptions of the labour market. The 
main distinction comes from how they treat the short- and long-run states of the 
labour market. In the frictionless equilibrium view, unemployment is 
decomposed into two components, “structural” and “cyclical” unemployment. 
In other words, cyclical variations in unemployment are independent of 
structural variations. Under the hysteresis hypothesis, on the other hand, the 
long-run equilibrium is indistinguishable from the cyclical variations. That is, 
all cyclical variations are structural in the sense that all temporary shocks have 
permanent unemployment effects. Finally, the prolonged adjustment view 
shows how short, medium, and long runs are interrelated, merging with one 
another along an intertemporal continuum. In the CRT, cyclical unemployment 
variations can have prolonged after-effects. Second, while the CRT and NRU 
approaches offer structural representations of the labour market, models of 
hysteresis do not capture the structure of the labour market. Third, while 
models of hysteresis focus on the path dependency of unemployment, NRU 
and CRT models aim at identifying the driving forces of unemployment. 
However, in sharp contrast to NRU models, the CRT focuses on the 
determinants of the actual (instead of the natural) rate of unemployment, since 
it argues that the natural rate is not the main determinant of actual 
unemployment. Fourth, the CRT does not restrict explanatory variables to be 
stationary. In particular, it shows that the long-run unemployment rate 
depends on the size of capital stock. This implies that policies related to R&D 
activities, policies promoting innovations and productivity growth, or policies 
directly fostering investment and capital accumulation, can enhance the 
performance of the labour market. 
 Overall, the CRT should not be considered as an intermediate position 
between the frictionless equilibrium view and the hysteresis hypothesis since 
the prolonged adjustments cover a wide diversity of phenomena explaining the 
movements of employment and unemployment. Most important, the CRT gives 
them individual and explicit attention rather than placing them between the 
other two views. Thinking the prolonged adjustment view as the middle 
ground between the frictionless equilibrium view and the hysteresis hypothesis 
is, therefore, uninformative. In words of Karanassou, Sala and Snower “is like 
telling a painter that there are three groups of colors: white, black, and the 
range of tones in between. This is true, but uninformative, since the range of 
intermediate tones is where most of the action is.” (2007, p. 178). 
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3 ESSAY 2: THE (IR)RELEVANCE OF THE NRU FOR 

POLICY MAKING: THE CASE OF DENMARK44 
 
 
ABSTRACT. We reconsider the central role of the natural rate of 
unemployment (NRU) in forming policy decisions. We show that the 
unemployment rate does not gravitate towards the NRU due to frictional 
growth, a phenomenon that encapsulates the interplay between lagged 
adjustment processes and growth in dynamic labour market systems. We 
choose Denmark as the focal point of our empirical analysis and find that the 
NRU explains only 33% of the unemployment variation, while frictional growth 
accounts for the remaining 67%. Therefore, our theoretical and empirical 
findings raise doubts as to whether the NRU should play such a key 
instrumental role in policy making. 
 
 
3.1 Introduction 
 
 
The natural rate of unemployment (NRU) plays a pivotal role in the decisions of 
policy makers. The influential contributions of Friedman and Phelps at the end 
of the 1960s established that the Phillips curve is vertical in the long-run and 
marked the beginning of the “NRU era” in economic modelling. The term 
natural rate was coined by Friedman in 1968 and was described as a feature of 
the Walrasian market clearing general equilibrium. It is commonplace in the 
literature to regard the concepts of the natural rate and the non-accelerating 
inflation rate of unemployment (NAIRU) as approximately synonyms (Ball and 
Mankiw, 2002).45 
                                                 
44 This paper was written with Marika Karanassou and Hector Sala and has been 

published in Scottish Journal of Political Economy (2008), 55 (3), pp. 369-392. 
45 However, Tobin (1998) argues that the NRU and NAIRU are not synonymous. 

Karanassou, Sala, and Snower (2009) show that the NRU/NAIRU distinction 
becomes superfluous within their framework of “exogenous/endogenous” NRU 
models. It is important to note that our analysis does not hinge upon this issue, 
which is beyond the scope of the current paper. 
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 On one hand, discussions about which labour market reforms are 
necessary draw heavily on the determinants of the NRU. On the other hand, the 
choice of contractionary or expansionary policy measures crucially depends on 
whether unemployment is below or above its natural rate. Proponents of the 
NRU paradigm assert that the natural rate is consistent with inflation stability 
and that unemployment gravitates towards it. This claim has major policy 
implications: when unemployment is perceived close to its natural rate any 
attempt to reduce it will only result in higher inflation. 
 This paper reassesses the role of the natural rate in policy making and 
argues that in the presence of frictional growth unemployment does not gravitate 
towards the NRU - instead, it can be described as chasing after a moving target. 
The phenomenon of frictional growth arises from the interplay between lagged 
adjustment processes and growth in multi-equation labour market models. 
Dynamic systems of equations that contain spillover effects and growing 
exogenous variables are an integral part of the chain reaction theory (CRT) of 
unemployment, a framework of analysis that gives rise to frictional growth. To 
illuminate the implications of frictional growth for the evolution of 
unemployment, we conduct our analysis in the context of a real labour market 
and thus abstract, without loss of generality, from Phillips curve effects and 
inflation dynamics issues. 
 Aside from the NRU viewpoint, another influential class of 
unemployment rate models is based on the hysteresis hypothesis.46 Hysteresis, 
generally, describes a situation where temporary shocks have permanent effects 
on unemployment. In contrast, non-hysteretic behaviour characterises a model 
in which the rate of unemployment converges in the long-run to a value that 
does not depend on its initial conditions. The NRU hypothesis refers to this 
long-run value as the natural rate, estimates it as the steady-state 
unemployment rate in empirical models, and asserts that actual unemployment 
tracks its natural rate very well. Both the NRU and hysteresis hypotheses 
decompose unemployment into a “trend” component (natural rate) and a 
cyclical component, but while the NRU assumes that the two components 
evolve independently of each other, hysteresis postulates that cyclical variations 
of unemployment propagate to its natural rate (Jaeger and Parkinson, 1994). We 
should note that there is a plethora of definitions and interpretations of 
hysteresis in the labour market literature (Rφ ed, 1997, provides a 
comprehensive survey of the terminology surrounding hysteresis). 
 The concepts of hysteresis found in the literature are being tested with a 
variety of techniques (see, among others, León-Ledesma and McAdam, 2004). 
The interpretation of hysteresis as the presence of a unit root in unemployment 
rates is examined using individual and panel unit-root tests combined with 
endogenous structural break tests, and fractional integration techniques.47 
                                                 
46 The term hysteresis was coined by Sir James Alfred Ewing, Scottish physicist and 

engineer, to describe the history dependence of physical systems. It derives from an 
ancient Greek word, JHI3�F5H7s , meaning “delayed.” 

47 When the order of fractional integration lies in the interval (0, 0.5), unemployment is 
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Jaeger and Parkinson (1994) argue that finding a unit root in unemployment is a 
necessary but not a sufficient condition for hysteresis. Interpreting hysteresis as 
the effects of cyclical variations on the natural rate, they apply the Kalman-filter 
technique to an unobserved components framework where the NRU is 
modelled as a random walk plus a term of lagged cyclical unemployment (a 
similar technique is also used by Logeay and Tober, 2006). Another 
interpretation of hysteresis is the existence of multiple equilibria in 
unemployment dynamics. Theoretical developments in multiple equilibria are 
given by Hughes-Hallett and Piscitelli (2002), and Raurich, Sala and Sorolla 
(2006). In this case, Markov-switching techniques are applied to identify the 
low- and high-unemployment rate regimes.48 
 How does the CRT framework relate to and differ from the NRU and 
hysteresis viewpoints? First, models of hysteresis do not capture the structure 
of the labour market – they are merely statistical representations of the 
unemployment rate process (Jaeger and Parkinson, 1994, p. 332). Unlike 
hysteresis, the CRT and NRU offer structural representations of the labour 
market. Second, while models of hysteresis focus on the path dependency of 
unemployment, NRU and CRT models aim at identifying the driving forces of 
unemployment. However, in sharp contrast to NRU models, the CRT focuses 
on the determinants of the actual (instead of the natural) rate of unemployment, 
because it argues that the natural rate is not an attractor of actual 
unemployment. The contribution of our work is to show that the CRT views the 
long-run unemployment rate as the sum of two components: steady-state 
unemployment (NRU) and frictional growth. Dynamic single-equation NRU 
models do not allow for frictional growth since (i) all the labour market 
adjustments are suppressed into the autoregressive coefficient(s) of the single 
unemployment rate equation, and (ii) the exogenous variables are stationary so 
that the right-hand side of this equation balances with the trendless 
unemployment rate. 
 Thus, on one hand, the CRT argues that there may be a substantial 
disparity between the long-run and natural rates of unemployment (in this case 
the NRU ceases to be the attractor of actual unemployment). On the other hand, 
our limited knowledge of the long-run values of the growth rates of the 
exogenous variables implies that we do not have reliable estimates of the long-
run unemployment rate. It is for these reasons that, unlike NRU models, CRT 
models do not attempt to determine the factors underlying the natural (or long-
run) unemployment rate. Instead, the CRT focuses on the contributions of the 
exogenous variables to the evolution of unemployment, and emphasises the 
important role of the interactions between lags and growth in driving the 

                                                                                                                                               
covariance-stationary with long memory - it reverts to its mean at a much slower 
pace than that of an ARMA stochastic process. In this case, there is no evidence for 
hysteresis; the case of an order of fractional integration > 0.5 indicates hysteresis. See 
Caporale and Gil-Alana (2007) for an application with US data. 

48 See, for example, Bianchi and Zoega (1998) and León-Ledesma and McAdam (2004) 
for an application of Markov-switching techniques to fifteen OECD countries and the 
CEECs (Central and Eastern European Countries), respectively. 
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unemployment rate. This has important implications for economic policy. For 
example, not taking into account the impact of frictional growth may lead to a 
misjudgement of the unemployment effects of labour market reforms. 
 Over the past 20 years the evolution of inflation and unemployment in 
most of the developed economies has put the NRU story under scrutiny. The 
relatively low and rather stable inflation rates imply that actual unemployment 
has been close to its natural rate. Therefore, given the rather high 
unemployment rates that persisted in the 1980s and the 1990s, the challenge for 
the NRU paradigm has been to identify the factors responsible for the rise in the 
natural rate. Blanchard (2006), in a journey through the decades, reviews the 
explanations offered to justify the NRU increases: high oil prices and slowdown 
in productivity in the 1970s, persistence mechanisms in the 1980s, labour 
market institutions in the 1990s. Blanchard (2006) is a narrative of what we have 
learned and what we still do not know. He bravely points out that ‘One might 
have hoped that...we would now have an operational theory of unemployment. 
I do not think that we do’ (p. 8). Blanchard scepticism is somehow echoed in 
Gordon’s (1988) econometric critique of what he calls ‘The Un-Natural Rate of 
Unemployment.’ 
 Denmark is a particularly interesting case to study49 as it appears to refute 
the NRU predictions. It is one of the successful economies in Europe having 
recovered, after experiencing serious unemployment problems, an 
unemployment rate close to full-employment levels that is half the European 
average. The Danish labour market is among the most flexible and dynamic 
ones across Europe, resembling more the Anglo-Saxon model than the 
continental European labour markets. At the same time, like the rest of the 
Nordic economies, Denmark has a well-developed welfare state system with a 
very low degree of income inequality. 
 Our empirical model of the Danish labour market reveals that actual 
unemployment does not evolve around its natural rate - the NRU can only 
explain one third of the variation in unemployment, while frictional growth 
accounts for the remaining two thirds. In a nutshell, our analytic and empirical 
findings question the prominent role of the NRU in policy modelling. 
 The remaining of the paper is structured as follows. In Section 3.2, we first 
discuss the standard methodologies to estimate the NRU, and illustrate the 
conventional wisdom with a simple graph. We then provide a formal definition 
of the NRU. In Section 3.3, we develop an analytic labour market model to 
explain the implications of the CRT of unemployment for the NRU. In Section 
3.4, we present the multi-equation dynamic model estimated for the Danish 
economy. In Section 3.5, we compute the NRU and discuss its relevance for 
policy making. Section 3.6 concludes. 
 
 

                                                 
49 See the special report on Denmark’s labour market “Flexicurity” in The Economist, 9 

September 2006. 
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3.2 The natural rate of unemployment 
 
 
3.2.1 The conventional wisdom 
 
The standard unemployment rate models seek to explain movements in 
unemployment by distinguishing two components: (i) the so-called “business 
cycle,” i.e. the high-frequency unemployment movements which are induced 
by the effects of temporary shocks disrupting equilibrium, and (ii) the so-called 
“trend” or NRU, i.e. the low-frequency movements of unemployment which 
arise from changes in the permanent components of its determinants. 
 This compartmentalisation implies that the unemployment rate evolves 
around the NRU from which it only temporarily deviates. In other words, the 
natural rate serves as an attractor for the moving unemployment rate. The 
structuralists and institutionalists are two prominent and influential groups 
within this tradition. Both groups estimate single-equation unemployment rate 
models to identify the driving forces of the natural rate.50 
 The structuralist perspective involves dynamic unemployment rate 
equations and asserts that the trajectory of unemployment is mainly 
determined by the structure of the economy, rather than by labour market lags 
(i.e. employment, real wage, and labour force adjustments). 
 This view was put forward by Phelps (1994) where the set of NRU 
determinants included (i) country-specific variables, such as real capital stock 
(normalised so that its trend is removed), real public debt, real government 
spending, tax rates, other institutional variables (replacement rate, duration of 
unemployment benefits), price mark-ups induced by exchange rates, and some 
demographic variable (e.g. the proportion of population between 20 and 24 
years old), and (ii) world variables, such as the real interest rate and the real 
price of oil. 
 Subsequent works of the structuralist proponents - see, among others, 
Phelps and Zoega (1998, 2001) and Fitoussi et al. (2000) - also included the 
slowdown of productivity (witnessed since the mid-1970s), the share of social 
expenditures in gross domestic product (GDP), the educational composition of 
the labour force, and asset valuation in the determination of unemployment. 
 The idea that labour market institutions are the main driving force of 
unemployment has significantly influenced academics and policy makers since 
the OECD Jobs Study was published in 1994. In general, the institutionalists 
argue that wage-push factors (such as unemployment benefits, firing 
restrictions, minimum wages, union power, and the tax wedge) are responsible 
for the rise in unemployment, while active labour market policies can reduce it. 
It is worth noting how far apart the institutionalist story stands from the 
Keynesian viewpoint that capital accumulation, demand factors and 

                                                 
50 When the unemployment rate equations include the change in inflation on their 

right-hand side, they can be described as augmented Phillips curve models where the 
time-varying NRU changes are attributed to fundamentals. 
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unemployment persistence are the driving forces of unemployment (see 
Stockhammer, 2004). 
 Nickell (1997, 1998) uses cross-country regressions and finds that wage-
push factors affect significantly the unemployment rate. Scarpetta (1996) and 
IMF (2003) estimate panel data regressions and stress the importance of labour 
market institutions and their interactions. Nickell, Nunziata and Ochel (2005) 
use a panel of 20 OECD countries over the 1961-1995 period and find that shifts 
in labour market institutions explain around 55% of the rise in European 
unemployment (excluding Greece, Luxembourg and Eastern Europe). 
 According to Blanchard (2006, p. 31) “Changes in institutions did not 
appear able, however, to explain the evolution of unemployment rates over 
time.” This of course may be due to the inability of quantitative indices to 
describe effectively the multiple dimensions of labour market institutions. The 
lack of annual time-series data on institutional variables and the observation 
that institutions do not vary much through time, also led researchers to adopt 5-
year averages in their estimations (see, e.g Blanchard and Wolfers, 2000). 
 However, we should note that cross-country regressions and 5-year data 
averages in panel estimation completely disregard the role played by labour 
market dynamics in the evolution of the unemployment rate. The dismissal of 
dynamics in the analysis of the unemployment problem is justified by the 
macroeconomic consensus that the long-run equilibrium of the unemployment 
rate (the NRU) and the short-run variations of actual unemployment around it 
are independent of one another. 
 Statistical filtering of the unemployment rate series is a popular technique 
to extract its “trend” component. In 1980, Hodrick and Prescott (1997) proposed 
their detrending method, commonly known as HP filtering. This is essentially a 
time-varying linear trend that changes smoothly over time. Although the 
univariate filters like the HP and band-pass (see Baxter and King, 1999) are 
used to decompose a series into its permanent and temporary components, they 
are unable to provide any insight on the driving forces of the “trend” 
component of the variable. This led to the development of multivariate HP 
filters, known as HPMV (see, e.g. Chagny and Lemoine, 2004). Furthermore, the 
Kalman filter is another statistical technique that has been extensively used in 
Phillips curve models to estimate the time-varying non-accelerating inflation 
rate of unemployment (TV-NAIRU).51 
 We illustrate the conventional wisdom with a simple example. Figure 1 
plots the actual and natural rates of unemployment for Denmark over the 1973-
2005 period. The NRU is computed by applying the HP filter to the actual 
unemployment rate series.52 The plot below aims at mimicking Figure 18.2 in 
Phelps (1994) and Figure 1 in Phelps and Zoega (1996) for the world economy, 

                                                 
51 Although the NRU and NAIRU are not synonymous, Karanassou, Sala, and Snower 

(2009) explain that the two concepts can be seen as the two sides of the same coin - 
the coin of the classical dichotomy. They also provide an overview of the various 
Phillips curve models and a discussion of their limitations. 

52 Filtering the actual series is equivalent to filtering the fitted values when the 
estimated model fits the data well. 
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Figure 4 in Holden and Nymoen (2002) for the Nordic countries, Figure 2 in 
Batini and Greenslade (2006) for the United Kingdom, and Figure 2 in 
Blanchard (2006) for the EU15. These figures were obtained by using the 
conventional approaches described above and yield a similar picture: the NRU 
closely tracks the actual unemployment rate.53 The NRU in Figure 1 reproduces 
this feature. 
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FIGURE 1 The NRU in Denmark according to the conventional view 

 
Observe that unemployment varies more between business cycles (identified by 
the peaks in 1978, 1983, 1993 and 2003) than within them. According to the 
mainstream view the changes between cycles are accounted by the “trend” 
component of unemployment, whereas the variations within cycles are 
attributed to the effects of temporary shocks. In other words, Figure 1 conforms 
with the conventional wisdom that unemployment evolves around its natural 
rate and thus the NRU can explain the large swings of the unemployment rate. 
As we show in Section 3.3, any single-equation unemployment rate model can 
produce a picture similar to that in Figure 1 since it has zero frictional growth 
(no interacting labour market lags and trendless exogenous variables). 
 
3.2.2 Formal definition 
 
The NRU ( )nu  is generally understood as the equilibrium value at which 
unemployment will stabilise in the long-run (see, e.g. Ball and Mankiw, 2002). 

                                                 
53 In particular, Phelps (1994) and Phelps and Zoega (1996) apply the structuralist 

theory to compute the NRU, Holden and Nymoen (2002) estimate the NAWRU (non-
accelerating wage rate of unemployment), Batini and Greenslade (2006) use the 
Kalman filter to estimate the TV-NAIRU, and Blanchard (2006) constructs the NAIRU 
as ( )πΔ+=∗ 5.0uu , where πΔ  is a 3-year moving average of the change in 
inflation. 
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This definition is in line with the observation that the unemployment rate is 
trendless. When unemployment is modelled by a dynamic single equation, the 
natural rate is given by the steady-state unemployment rate. 
 For example, suppose that the unemployment rate is given by the 
following simple model: 
 
 ,1 tttt xuu εγα ++= −          (1) 
 
where tx  is an exogenous variable, γ  is a constant, tε  is a strict white noise 
error term (i.e. independently, identically distributed with zero mean and 
constant variance), and the autoregressive coefficient α  is < 1 in absolute value. 
 Let us consider the following normalisation of the above equation: 
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= t
ttt uxu        (2) 

 
where Δ  denotes the difference operator. 
 We assume that in the long-run unemployment stabilises, so that 0=Δ tu  
or 1−= tt uu , and all shocks are absorbed, so that 0=tε . In this case the NRU is 
given by 
 

 ,
1

LRn xu
α

γ
−

=           (3) 

 
where the superscript LRx  denotes the long-run value of the variable. It is 
commonly assumed that the exogenous variable stabilises in the long-run, and 
so the natural rate is simply the steady-state of the unemployment model. 
 In applied work, the unknown long-run value of the exogenous variable is 
replaced by its permanent component.54 We thus have the following definition. 
 Definition. The natural rate is the equilibrium unemployment rate at 
which there is no tendency for this rate to change at any time t , given the 
permanent component values of the exogenous variables at that time. 
 Note that the above definition applies to both single- and multi-equation 
models of the unemployment rate. 
 
 
3.3 The chain reaction theory of unemployment 
 
 
Like the structuralist and institutionalist theories, the CRT aims at identifying 
the economic factors responsible for the evolution of the unemployment rate. 
But unlike the structuralist and institutionalist theories, the CRT is an 

                                                 
54 The permanent component of a series is usually obtained by filtering the series using 

the Hodrick-Prescott technique. 
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interactive dynamics approach: it applies dynamic multi-equation systems with 
spillover effects to the labour market to explain the time path of unemployment. 
(The CRT was developed by Karanassou and Snower in 1993. See, among 
others, Karanassou and Snower, 1998.) 
 Because the unemployment rate is a non-trended variable, single-equation 
unemployment models have to use exogenous variables that do not display a 
trend. This is not the case when multi-equation labour market models are used - 
the only requirement is that each trended endogenous variable (e.g. 
employment, real wage, and labour force) is balanced with the set of its 
explanatory variables. 
 In the context of multi-equation labour market models, changes in the 
unemployment rate are viewed as “chain reactions” of its responses to 
temporary and permanent labour market shocks. The unemployment responses 
work their way through a network of interacting lagged adjustment processes. 
These lagged adjustment processes are well documented in the literature and 
refer, among others, to: (i) employment adjustments arising from labour 
turnover costs (hiring, training, and firing costs), (ii) wage/price staggering, (iii) 
insider membership effects, (iv) long-term unemployment effects, and (v) 
labour force adjustments. By identifying the various lagged adjustment 
processes, the CRT can explore their interactions and quantify the potential 
complementarities/substitutabilities among them. 
 In other words, the CRT postulates that the evolution of unemployment is 
driven by the interplay of lagged adjustment processes and the spillover effects 
within the labour market system. Spillover effects arise when shocks to a 
specific equation feed through the labour market system. The label “shocks” 
refers to changes in the exogenous variables. 
 
3.3.1 A simple CRT model 
 
We illustrate the workings of the CRT with the following model of labour 
supply, labour demand, and real wage equations: 
 
 ,212 ttt zll βα += −           (4) 
 ,111 tttt wknn γβα −+= −          (5) 
 ,3 ttt uxw δβ −=           (6) 
 
where ,, tt nl  and tw  denote the endogenous labour force, employment, and real 
wage, respectively; tz  is working-age population, tk  is real capital stock, and tx  
represents a wage push factor (e.g. benefits); the autoregressive parameters are 

1,0 21 << αα , and the β ‘s, γ , and δ  are positive constants. All variables are in 
logs and we ignore the error terms for ease of exposition. The unemployment 
rate (not in logs) is55  

                                                 
55 Because labour force and employment are in logs, we can approximate the 

unemployment rate by their difference. 
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 .ttt nlu −=            (7) 
 

We should note that when either γ  or δ  are zero in the toy model (4)-(6), 
labour market shocks do not spillover from labour supply to labour demand 
and vice versa. In other words, the influence of the exogenous variables ( tk  and 

tz ) on unemployment can be measured through individual analysis of the 
labour demand and supply equations. In particular, if unemployment does not 
influence wages ( )0=δ , then labour demand and supply shocks do not 
spillover to wages. As a result, capital stock changes do not affect labour force, 
and changes in working-age population do not affect employment. If, on the 
other hand, 0=γ  shocks to wage setting do not affect employment and, 
consequently, do not spillover to unemployment. Thus, the wage elasticity of 
demand provides the mechanism through which changes in the wage push 
factor tx  feed through to unemployment. This can be seen clearly in the 
reduced form unemployment rate equation (13) derived below. 
 Let us rewrite the labour supply and demand equations (4), (5) as 
 
 ( ) ,1 22 tt zlB βα =−          (8) 
 ( ) ,1 11 ttt wknB γβα −=−         (9) 
 
where B  is the backshift operator. Substitution of (6) into (9) gives 
 
 ( ) .1 311 tttt uxknB γδγββα +−=−        (10) 
 
Multiplying both sides of equations (8) and (10) by ( )B11 α−  and ( )B21 α− , 
respectively, gives 
 
 ( )( ) ( ) ,111 1221 tt zBlBB αβαα −=−−       (11) 

 
( )( ) ( ) ( )

( )
1 2 1 2 3 2

2

1 1 1 1

1 .
t t t

t

B B n B k B x

B u

α α β α γβ α
γδ α

− − = − − −

+ −
   (12) 

 
Finally, use the definition (7) and subtract equation (12) from equation (11) to 
obtain the reduced form unemployment rate equation:56 
 

 1 2 2 1 1 2

3 2

(1 )(1 ) (1 ) (1 )
(1 ) .
t t t

t

B B u B z B k
B x

γδ α α β α β α
γβ α

+ − − = − − −
+ −

   (13) 

 

                                                 
56 Note that (13) is dynamically stable because (i) products of polynomials in B , which 

satisfy the stability conditions are stable, and (ii) linear combinations of dynamically 
stable polynomials in B  are also stable. 
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 The term “reduced form” means that the parameters of the equation are 
not estimated directly - they are simply some non-linear function of the 
parameters of the underlying labour market system. 
 Alternatively, the reduced form unemployment rate equation (13) can be 
written as 
 
 ,1211122211 −−−−− −−+++−−= txtztktxtztkttt xzkxzkuuu θαθαθαθθθφφ  (14) 

 
where ( ) ,1

1
1

21
γδ

γδααφ +
++=  ,12

21
γδ
ααφ +=  ,1

1
γδ

βθ +=k  ,1
2
γδ

βθ +=z  and γδ
γβθ += 1

3
x . 

 
Parameterisations (13) and (14) of the reduced form unemployment rate 
equation show the following. First, the autoregressive parameters 1φ  and 2φ  
embody the interactions of the employment and labour force adjustment 
processes ( 1α  and 2α , respectively). Second, the short-run elasticities 
( ,kθ ,xθ and zθ ) are a function of the feedback mechanisms that give rise to the 
spillover effects in the labour market system. Third, the interplay of the lagged 
adjustment processes and the spillover effects can be captured by the induced 
lag structure of the exogenous variables. 
 In applied work, as we discussed in Section 3.2, the NRU is defined as the 
equilibrium unemployment rate at which there is no tendency for this rate to 
change at any time t , given the permanent component values of the exogenous 
variables at that time. In this sense, it represents the unemployment that would 
be achieved once all the lagged adjustment processes have been completed in 
response to the permanent components of the exogenous variables. 
 Therefore, the NRU is computed by setting the backshift operator B  equal 
to unity in the unemployment rate equation (13): 
 

 ( ) ( ) ( )
( )( ) ,

11

~1~1~1

21

232112

ααγδ
αγβαβαβ

−−+
−+−−−= tttn

t
xkzu     (15) 

 
where the  above the variable denotes its permanent component. Naturally, 
the estimates of the NRU reflect the decision on which changes in the 
exogenous variables are permanent or temporary. 
 
3.3.2 Long-run unemployment, NRU, and frictional growth 
 
A salient feature of the CRT is that unemployment may substantially deviate 
from what is commonly perceived as its natural rate, even in the long-run. This 
was first pointed out by Karanassou and Snower (1997) and lies in sharp 
contrast with the conventional wisdom that the NRU is the attractor of the 
unemployment rate. 
 To elaborate this issue we use the labour market system (4)-(7) and make 
the plausible assumption that capital stock ( )tk , the wage-push factor ( )tx , and 
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working-age population ( )tz  are growing variables with growth rates that 
stabilise in the long-run. (Note that the growth rates of log variables are proxied 
by their first differences, ( )⋅Δ , and recall that the superscript LR  denotes the 
long-run value of the variable.) 
 Equation (7) implies that unemployment stabilises in the long-run, 

0=Δ LRu , when 
 
 .λ=Δ=Δ LRLR nl          (16) 
 
In other words, the restriction that the growth rate of employment is equal to 
the growth rate of labour force, say λ , ensures unemployment stability in the 
long-run.57 
 Let us substitute the wage equation (6) into the labour demand equation 
(5) and rewrite the resulting equation and the labour supply equation (4) as 
 

 ( ) ,
11 2

2

2

2
ttt lzl Δ

−
−

−
=

α
α

α
β         (17) 

 
( )

31 1

1 1 1 1

.
1 1 1 1t t t t tn k x u nγββ αγδ

α α α α
= − + − Δ

− − − −
     (18) 

 
Substitution of the above equations into equation (7) and some algebraic 
manipulation yields the following expression for the unemployment rate 
 

 ( ) ( ) ,
11111 2

2

1

1

1

3

1

1

2

2
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ

−
−Δ

−
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−

+
−

−
−

= tttttt lnxkzu
α

α
α

αζ
α

γβ
α

β
α

βζ  (19) 

 
where .

1

1
1

1
γδα

αζ +−
−=  

 
The long-run unemployment rate is obtained by imposing restriction (16) on 
parameterisation (19) of the reduced form unemployment rate equation 
 

 ( )
( )( )

1 232 1

2 1 1 1 2

.
1 1 1 1 1

LR LR LR LRu z k x
α α λγββ βζ

α α α α α

⎡ ⎤
⎢ ⎥−⎛ ⎞⎢ ⎥= − + +⎜ ⎟− − − − −⎢ ⎥⎝ ⎠
⎢ ⎥⎣ ⎦
144444424444443 1442443

natural rate of unemployment frictional growth

  (20) 

 

                                                 
57 The above restriction can also be expressed in terms of the long-run growth rates of 

the exogenous variables 
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 Observe that the first term of (20) gives the NRU, whereas the second term 
of (20) captures frictional growth, i.e. 
 
 long - run unemployment rate = NRU + frictional growth,  
 
where frictional growth arises from the interplay between the lagged 
adjustment processes and the growing exogenous variables. 
 The long-run value ( )LRu  towards which the unemployment rate 
converges reduces to the NRU only when frictional growth is zero. This occurs 
when (i) the exogenous variables have zero growth rates in the long-run (so that 

0=λ ), or (ii) the labour demand and supply equations have identical dynamic 
structures (so that 21 αα = ). 
 Therefore, frictional growth implies that under quite plausible conditions 
(e.g. different labour demand and supply dynamics, and growing exogenous 
variables) the natural rate is not an attractor of the moving unemployment. In 
these circumstances the relevance of the NRU in policy making is 
questionable.58 
 
 
3.4 A dynamic structural model for Denmark 
 
 
3.4.1 Data and estimation methodology 
 
Our dataset is annual and covers the period 1973-2005. The OECD Economic 
Outlook is our main source. Table 1 presents the group of variables used in the 
estimated model.59 
 
TABLE 1 Definitions of variables 
 
n  employment (log)     nk  capital stock per employee ( )nk −  
l  labour supply (log)    z  participation rate ( )population age-working

forcelabour  
w  real compensation per employee (log) r  real long-term interest rate  
u  unemployment rate ( )nl −    g  public expenditures (as % of GDP) 
k  real capital stock (log)     
Source: OECD, Economic Outlook. 
 

                                                 
58 We should also note that while the NRU is a charming idea, it is most often hard to 

agree on its value at any point in time. This issue has also been raised recently in The 
Economist, 30 September 2006, p. 108. 

59 Our wider set of explanatory variables also included oil prices (source: IMF), 
financial wealth (source: Bloomberg), several public sector variables (such as direct 
and indirect taxes, the fiscal wedge, social security benefits and contributions), 
alternative measures of competitiveness, consumption, and real money balances. 
However, we were unable to find any influence of these variables on the Danish 
labour market. 
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The estimation methodology is the autoregressive distributed lag (ARDL) 
approach (also known as bounds testing approach). The ARDL was proposed 
by Pesaran (1997), Pesaran and Shin (1999), and Pesaran, Shin and Smith (2001) 
as an alternative procedure to the standard cointegration analysis. The 
advantage of the ARDL is that does not rely on whether the explanatory 
variables are integrated of order zero or one. The voluminous literature on all 
the different types of unit root tests proposed since the influential paper by 
Dickey and Fuller in Econometrica 1981, is a clear manifestation of the problems 
involved in correctly identifying the order of integration of a time series. The 
ARDL approach avoids these pre-testing problems, while it gives consistent 
estimates both in the short- and long-run. Thus, the ARDL provides us with an 
econometric tool to conduct our empirical analysis rigorously. 
 In line with the CRT, we estimate a structural vector autoregressive 
distributed lag model to analyse the trajectory of the unemployment rate60  
 

 ,
2

0

2

1
0 titi

i
iti

i
t exDyAyA ++= −

=
−

=
∑∑        (21) 

 
where ty  is a ( )13×  vector of endogenous variables, tx  is a ( )14×  vector of 
exogenous variables, the iA ‘s and iD ‘s are ( )33×  and ( )44 × , respectively, 
coefficient matrices, and te  is a ( )13×  vector of strict white noise error terms. 
 Our labour market system (21) comprises labour demand, wage setting, 
and labour supply equations. Each equation is estimated following the ARDL 
approach and passes the standard misspecification and structural stability tests. 
To account for potential endogeneity and cross equation correlation we estimate 
the labour market model with 3SLS.61 
 
3.4.2 Estimated equations 
 
Using the estimated three-equation model (see Table 2 below) and the 
unemployment equation (7), we obtain the fitted values of unemployment. 
Figure 2 plots the actual and fitted values of the unemployment rate and shows 
that our estimation tracks the data reasonably well. We should emphasise that a 
good fit is much harder to obtain when dynamic multi-equation labour market 
models are being estimated instead of single unemployment rate equations. 
This is because of the numerous interactions of the endogenous variables that 
take place when we solve the model for the unemployment rate. Table 2 
presents our estimated equations. 
                                                 
60 The dynamic system equation (21) is stable if, for given values of the exogenous 

variables, all the roots of the determinantal equation  
 02

210 =−− BB AAA  lie outside the unit circle. Note that the estimated equations 

given below satisfy this condition. 
61 The OLS results do not differ substantially from the 3SLS ones and are available 

upon request. Table A1 in Appendix A presents diagnostic tests for the selected 
equations. 
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 The labour demand equation is quite standard. Employment depends on 
capital stock, real wages, and public expenditures. Labour demand is more 
sensitive to changes in the real wage than to changes in capital stock (the long-
run elasticities are - 1 and 0.6, respectively). Phelps (1994, ch. 17) popularised 
the inclusion of public expenditures in single-equation unemployment rate 
models, and its strong influence on the Danish economy comes as no surprise. 
The public sector is responsible for the production of the vast majority of 
services, it accounts for almost a third of total employment, and public 
consumption represents around 40% of total public expenditure (see Madsen, 
1999). A 1 percentage point increase in the ratio of public expenditures to GDP 
will boost employment by 1.2%, in the long-run. 
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FIGURE 2 Unemployment rate: actual and fitted values 

 
Furthermore, observe that the employment and wage equations display low 
persistence (the autoregressive coefficients are 0.18 and 0.32, respectively) 
indicating a quick speed of adjustment to economic disturbances. This reflects 
the high degree of flexibility, which characterises the Danish labour market (the 
employment protection legislation is among the less strict in the OECD 
countries). 
 Wage setting is influenced by unemployment, capital deepening ( tt nk − ), 
and the interest rate. As expected, unemployment exerts downward pressure 
on the real wage with a semi-elasticity of - 0.60 in the short-run. In addition, if 
the unemployment rate goes up by 1 percentage point, wages fall by 0.9% in the 
long-run. The effect of capital deepening on wages is captured by a long-run 
coefficient of 0.46.62 The impact of the interest rate on wages is positive (0.56 in 
the long-run).63 However, since wages enter negatively in labour demand, the 
                                                 
62 Capital deepening is regarded as a good proxy for labour productivity. The 

advantage of using capital deepening instead of productivity in our model is that we 
avoid dealing with an additional endogenous variable in our estimation. 

63 We regard the positive association of the real wage with the interest rate as a result of 
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relation between the interest rate and unemployment has the expected negative 
sign. 
 It is important to remark that neither tax variables nor social security 
benefits were found to influence the wage equation. This may be due to the 
emphasis of the Danish system on active labour market policies (ALMPs) - 
Denmark is the country with the highest GDP percentage of ALMPs 
expenditures. When this is coupled with loose employment protection 
legislation, standard labour market institutions (i.e., taxes and benefits) become 
less relevant to wage setting. 
 
TABLE 2 Denmark, 3SLS, 1973-2005 
 
Dependent variable: tn   Dependent variable: tw   Dependent variable: tl  
 Coefficient p-values Coefficient p-values  Coefficient p-values 
const  11.6 [0.000] const  5.34 [0.000] const  1.24 [0.000] 

1−tn  0.18 [0.000] 1−tw  0.32 [0.000] 1−tl  0.90 [0.000] 

1−Δ tn  0.61 [0.000] 1−Δ tw  0.44 [0.001] 1−Δ tl  0.76 [0.000] 

tw  -0.58 [0.000] tu  -0.60 [0.000] tuΔ  -0.04 [0.032] 

1−tw  -0.30 [0.052] n
tk  0.31 [0.000] 1−Δ tu  -0.04 [0.035] 

tk  0.48 [0.000] tr  0.38 [0.000] tw  0.02 [0.004] 

tkΔ  1.78 [0.001]   twΔ  -0.03 [0.035] 

1−Δ tk  1.14 [0.083]   tz  0.18 [0.000] 

tg  1.02 [0.001]   tzΔ  1.09 [0.000] 

tgΔ  -0.89 [0.012]   1−Δ tz  -1.04 [0.000] 

1−Δ tg  0.95 [0.003] 
 

..es   0.010   0.009   0.001 
Note: Δ is the difference operator; ..es  is the standard error of the regression. 
 
In contrast to labour demand and wage setting, inertia in labour supply 
decisions is large, with a persistence coefficient of 0.90. Labour supply is driven 
by the unemployment rate, real wage and participation rate. 
 In particular, it is the change rather than the level of unemployment that 
enters the labour force equation. This is commonly referred to as the 
discouraged workers’ effect, here with a long-run coefficient of - 0.80. The wage 
incentive appears to activate labour supply with a long-run elasticity 0.20. 
 Finally, it is through the participation rate instead of the working-age 
population that we can capture demographic influences on the labour supply 
movements. Our understanding of this finding is that the participation rate also 
embodies the society’s attitude towards the labour market. In this sense, it is 

                                                                                                                                               
the procyclicality of the two variables. In booming times, a tight labour market puts 
upward pressure on wages, and the monetary authorities raise interest rates to 
control for inflation. 
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partly the social norms that induce participation rates to be among the highest 
in the Nordic countries and among the lowest in the Mediterranean ones. 
 
 
3.5 The NRU in Denmark 
 
 
Given the definition of the natural rate in Section 3.2, we compute the NRU 
along the lines of equation (15). That is, we set the lagged (period it − ) values of 
the endogenous variables equal to their period t  values, and solve the labour 
market system by using only the permanent components of the exogenous 
variables. Recall that our model consists of the estimated equations given in 
Table 2, and the unemployment rate equation (7). 
 
3.5.1 Permanent and temporary components of the exogenous variables 
 
We estimate the kernel density functions of the determinants of unemployment 
to disentangle their permanent and temporary components and identify the 
number and longevity of the regimes embedded in each variable.64 We should 
note that in this context, the term “permanent component” is not a universal 
concept - it only applies to our sample period. 
 A time series with different regimes is characterised by a multimodal 
density of its frequency distribution, the number of modes corresponding to the 
number of regimes. In particular, a unimodal kernel density indicates that a 
unique regime exists with mean equal to the value of the mode. On the other 
hand, a variable with two regimes displays a bimodal kernel density with a 
“valley point” dividing the observations in the sample. The data points are 
grouped in the two regimes depending on whether they lie to the left or to the 
right of the “valley point.” The kernel density analysis of the two-regime case 
can easily be extended to account for three or more regimes. 
 Naturally, when the time-series display one regime, this is taken to be 
permanent. For multimodal kernel densities, we distinguish between 
permanent and temporary regimes and identify them as follows: the variable 
starts in one regime (say, A) in the beginning of the sample, and then moves to 
another regime (say, B) at some later point in time. If the variable reverses to 
regime A before the end of the sample, then regime B is temporary and regime 
A is permanent. On the other hand, if the variable stays in regime B by the end 
of the sample then both regimes are permanent ones. 

                                                 
64 Bianchi and Zoega (1998) use Kernel density functions to examine the regime-mean 

shifts of unemployment in 15 OECD countries. Raurich, Sala and Sorolla (2006) apply 
the Kernel density analysis to compare the relationship of unemployment and capital 
accumulation in the EU and the United States. 
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FIGURE 3 Actual and long-run values of the exogenous variables 
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 The mean values of the identified permanent regimes give our estimates of 
the permanent components of the exogenous variables used in the computation 
of the NRU. It is important to note that the kernel density analysis can be 
carried out only when the time series is stationary. When the variable is 
growing (e.g. capital stock), the analysis is performed on its first difference from 
which we then recover the level of the variable. 
 The plots of the kernel density functions in the first column of Figure 3 
reveal the number of regimes for each of the exogenous variables of the labour 
market model in Table 2. The plots in the second column of Figure 3 display the 
actual series (solid lines) and the mean values of their permanent regimes 
(dotted lines). 
 According to Figures 3a and b, the growth rate of capital stock has been in 
a single regime throughout the sample with mean 3.6%. In contrast, the bimodal 
kernel densities of public expenditures, interest rates, and participation rates 
reveal the existence of two regimes (see Figures 3c, e, and g). 
 Public expenditures and interest rates are characterised by one permanent 
and one (higher) temporary regime, the duration of which is indicated by the 
shaded areas in Figures 3d and f. The temporary regime of public expenditures 
refers to the expansionary fiscal policy during the economic downturn at the 
end of the 1970s and early 1980s, and is well documented in the literature.65 
 The temporary, albeit prolonged, regime of high interest rates was 
induced by the contractionary monetary policy response of the central bank to 
(i) the high inflation rates brought by the oil price shocks of the 1970s, and (ii) 
the rise in German interest rates by the Bundesbank to control inflation in the 
aftermath of the German unification. By the mid-1990s Denmark, like the rest of 
Europe, softened its monetary policy and has since then witnessed interest rate 
levels similar to the ones before the oil price crises. 
 On the other hand, the two regimes of the participation rates are both 
permanent (see Figure 3h). The “low” regime with mean 76% lasts until 1982 
when the participation rate enters the high regime with mean 81%. 
 We should note that the above results are robust to the bandwidth value 
of the kernel density estimation (see Table B1 in Appendix B). 
 
3.5.2 The (ir)relevance of the NRU 
 
As we already explained, to compute the NRU we substitute the exogenous 
variables by their permanent trajectories (identified in the previous section), set 
the lags of the endogenous variables equal to their contemporaneous values, 
and solve the resulting labour market model for the unemployment rate. Figure 
4 plots the NRU in Denmark vs. the actual unemployment rate series. 
 According to our analysis, the NRU in Denmark rose from values below 
5% in the early 1970s to a peak of 6.3% in 1987 and 1988. The subsequent period 
was characterised by a slow but steady decline of the NRU reaching 4.1% in 

                                                 
65 See Madsen (1999), Green-Pedersen and Lindbom (2005). 
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2005. In other words, the time path of the NRU has been rather flat since the 
1970s, never exceeding 6% or falling below 4%. 
 Notwithstanding the different approaches, our results are in accordance 
with Holden and Nymoen (2002) and Nymoen and Rφ dseth (2003) who show 
that institutional or wage-pressure factors explain only a small fraction of the 
variation of unemployment in the Nordic countries. Our results are also in line 
with Henry, Karanassou and Snower (2000) who find that the NRU in the 
United Kingdom was reasonably stable around 4% over the 1964-1997 period 
with a mild peak in the mid-1980s.66 
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FIGURE 4 The NRU in Denmark according to the chain reaction theory 

 
We should remark that Figure 4 above, and Figure 5 in Henry, Karanassou and 
Snower (2000), convey a very similar picture regarding the trajectory of the 
NRU in Denmark and the United Kingdom. This should come as no surprise 
since it is widely acknowledged that Denmark, unlike the other Nordic 
economies, shares some of the United Kingdom and United States features. 
First, its economic downturns follow closely those experienced by the Anglo-
Saxon economies: the slump in the aftermath of the first and second oil price 
shocks, the recession of the early 1990s, and the slowdown of the early 2000s. 
Second, Denmark, the United Kingdom, and the United States, are the 
economies with the lowest level of employment protection. In sharp contrast, 
Sweden, Japan and Greece are at the other end of the employment protection 
spectrum. 
 Plougmann and Madsen (2005) point out that, although the Scandinavian 
Model (high tax rates, a comprehensive social security system, a universal 
insurance benefit system and low degrees of wage and income inequality) has 
not changed substantially, the natural rates of unemployment in Denmark and 
                                                 
66 The difference between our approach and the one in Henry, Karanassou, and Snower 

(2000) is that we use the kernel density function to extract the permanent 
components of the exogenous variables. 
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Sweden may have even decreased over the past decades. This offers support to 
the CRT perspective vs. the conventional belief that institutional variables 
(some of which are closely linked to the welfare state) are the main driving 
forces of the unemployment rate. 
 The viewpoint of the unemployment problem portrayed in Figure 4 is at 
odds with the conventional wisdom: the NRU does not account for the large 
increases in unemployment (3 percentage points in the early 1980s, and 5 
percentage points in the early 1990s). In particular, we find that the NRU 
explains only 33% of the unemployment variation,67 and so frictional growth 
accounts for the remaining 67%. We should note that these results are robust to 
the bandwidth value of the kernel density estimation (see Figure B1 in 
Appendix B). 
 
 
3.6 Conclusions 
 
 
Should the NRU dictate the decisions of policy makers? The theoretical and 
empirical models in this paper lead to a negative answer. 
 We first analysed a CRT model and showed that the unemployment rate 
does not gravitate towards the NRU. This is due to frictional growth, a 
phenomenon that encapsulates the interplay between lagged adjustment 
processes and growth in dynamic labour market systems. 
 We then chose Denmark as the focal point of our empirical analysis and 
found that the NRU is not the most important factor for explaining the 
movements of unemployment through time, because it can only explain one 
third of its variation. Our methodology differs from that of the conventional 
wisdom labour market models in two main respects: (i) we estimate a multi-
equation (as opposed to a single-equation) dynamic labour market model that 
allows growing exogenous variables to interact with the persistence mechanism 
of the system, and (ii) we estimate the kernel density function of each 
exogenous variable to disentangle its trend and business-cycle components (as 
opposed to filtering the variables to extract their trend). 
 Our findings indicate that the NRU of single-equation unemployment rate 
estimations provides a rather incomplete picture of what really matters for the 
evolution of unemployment. We thus argue that future work should estimate 
CRT models, and measure the unemployment contributions of the “usual 
suspects” (e.g. wage-push factors) along with those of growing exogenous 
variables (such as capital stock) for a better understanding of the 
unemployment problem. 

                                                 
67 This is the 2R  obtained by regressing the fitted values of our estimated model on the 

NRU. 
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Appendix A 
 
Misspecification and structural stability tests 
 
The estimated equations pass the standard misspecification tests for no serial 
correlation (SC), linearity (LIN), normality (NOR), heteroskedasticity (HET) and 
conditional heteroskedasticity (ARCH). The estimated parameters are 
structurally stable according to the CUSUM and CUSUM of squares (CUSUM 2 ) 
tests evaluated at the standard 5% critical value (Table A1). 
 
TABLE A1 Tests 
 
 Labour demand Wage setting Labour force 
 equation equation equation 
Misspecification tests: 

)]1([ 2χSC  0.60 [0.440] 1.88 [0.170]  0.03 [0.863] 

( )]1[ 2χLIN  0.60 [0.439]  0.12 [0.726]  0.03 [0.854] 

)]2([ 2χNOR  0.53 [0.766]  1.81 [0.405]  1.09 [0.580] 

)]1([ 2χHET  3.90 [0.048]  2.95 [0.086]  0.90 [0.343] 

)]1([ 2χARCH  0.00 [0.961]  0.00 [0.957]  1.61 [0.205] 
 
Structural stability tests (5% significance): 

CUSUM  Á  Á Á 

CUSUM2  Á Á Á 
Note: p-values in squared brackets. 
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Appendix B 
 
Kernel density analysis and robustness of the NRU estimation 
 
B.1. The Kernel density analysis 
 
A Kernel density function can be regarded as a sophisticated histogram. Both 
provide non-parametric density estimates of a distribution of a series, but the 
histogram is discrete while the Kernel density is continuous and requires some 
smoothing device of the histogram “boxes”. The kernel density estimate of a 
series X  at point x  is estimated by 
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where N  is the number of observations, ()K  is a kernel function that integrates 
to 1 and h  is the bandwidth (or smoothing parameter). The kernel function, K , 
is a weighting function that determines the shape of the bumps. We have used 

the Gaussian function so that ( ) v
K 2

1

2/1
−

= π , where v  is the argument of the 
Kernel function. Smoothing is done by putting less weight on observations that 
are further from the point being evaluated. The bandwidth, h , is what controls 
the smoothness of the density estimate so that the larger the bandwidth, the 
smoother the estimate. We use Silverman’s (1986) method of bandwidth 
selection. 
 
B.2. Robustness of the NRU estimation 
 
To investigate the sensitivity of the NRU estimates provided in Figure 4 to 
variations in the bandwidth, we bracket the bandwidth and compute the 
permanent components of the exogenous variables by choosing smoothing 
parameters h5.0  and h5.1  (i.e., 50% smaller and 50% larger than the optimal 
one, h , chosen using Silverman’s rule). 
 
TABLE B1 Smoothing parameters and long-run values 
 

Smoothing parameter Long-run values 
 h5.0  h  h5.1  h5.0  h  h5.1  
 

tkΔ  0.1100 0.2200 0.3299 3.61 3.57 3.52 

tg  0.2394 0.4788 0.7183 27.35 27.5 27.65 

tr  0.5873 1.1746 1.7620 3.61 3.34 4.16 

tz  0.5812 1.1623 1.7435 r1: 75.25 r1: 75.53 r1: 75.77 
    r2: 81.40 r2: 81.17 r2: 80.96 
Note: ‘r1’ stands for regime 1, and ‘r2’ stands for regime 2. 
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Table B.1 shows the specific values of the smoothing parameter and the 
corresponding long-run values of the exogenous variables. These are used to 
compute the NRUs for h  (as in Figure 4), for h5.0  and for h5.1 , which are 
depicted in Figure B1. 
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FIGURE B1 Robustness of the NRU estimates 

 
Up to mid-1980s, the NRU computed with the optimal smoothing parameter, h , 
evolves between the ones for h5.0  and h5.1 . Thereafter it falls underneath and 
remains between 0.3 and 0.4 percentage points below. The change that took 
place up to the mid-1980s in the relative values of the three NRUs estimated 
with different h s is due to the differences in (i) the magnitude of the permanent 
component of the interest rate, and (ii) the regime periods of the permanent 
components of the participation rate. 
 The above analysis and the similar trajectories for the NRU in Figure B1 
show that our estimation of the natural rate is quite robust to the bandwidth 
value. This is due to the relative robustness of the estimates of the permanent 
components. Changes in the smoothing parameter affect mainly the Kernel 
density estimates of the temporary components, and not that much the values 
of the datapoints with the highest densities (i.e. the regime means or permanent 
components of the series). 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
4 ESSAY 3: CAPITAL ACCUMULATION AND 

UNEMPLOYMENT: NEW INSIGHTS ON THE 
NORDIC EXPERIENCE68 

 
 
ABSTRACT. This paper takes a fresh look at the analysis of labour market 
dynamics and argues that capital accumulation plays a fundamental role in 
determining unemployment movements. This role has generally been examined 
by considering indirect transmission channels of the capital stock effects, i.e. 
using variables like interest rates or investment ratios in the NAIRU framework. 
Here we advocate a different approach. We directly estimate the effects of 
capital stock in the labour market by applying the chain reaction theory of 
unemployment, and we find that capital stock is a major determinant of 
unemployment in the Nordic countries. In particular, the different 
unemployment experiences of these economies derive from the temporary 
(albeit prolonged) negative shocks to capital stock growth in Denmark and 
Sweden, and the permanent downturn of capital stock growth in Finland. We 
are thus able to explain why the crisis of the early 1990s had a more acute 
impact in Finland than in its twin economy, Sweden. 
 
 
4.1 Introduction 
 
 
Interest in the capital-unemployment relationship has been revived in recent 
years.69 In this paper we examine the proposition that the slowdown in the 
growth rate of capital is responsible for the rise in the unemployment rate. We 
argue that capital stock is a determinant of unemployment, both in the short- 
                                                 
68 This paper was written with Marika Karanassou and Hector Sala and has been 

published in Cambridge Journal of Economics (2008), 32 (6), pp. 977-1001. We are 
grateful to Jaakko Pehkonen for his valuable comments on earlier versions of this 
paper. 

69 See, among others, Rowthorn (1999), Malley and Moutos (2001), Karanassou and 
Snower (2004), and Arestis, Baddeley and Sawyer (2007). We discuss this macro-
labour literature in Section 4.2. 
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and the long-run, and show that capital accumulation can explain the diverse 
unemployment experiences of the Nordic countries. 
 These economies are normally grouped together due to their well 
developed welfare state system, low levels of income inequality and successful 
performance vis-à-vis continental Europe. Nevertheless, the unemployment 
trajectories of the three countries in Figures 1a, 1c, and 1e display significant 
disparities which are usually overlooked. While Sweden and Finland came out 
of the oil crises with hardly any damage, Denmark witnessed a substantial 
increase in its unemployment over the late 1970s and early 1980s. In contrast, 
although the 1990s crisis first hit Denmark, it did so less intensively than in 
Sweden and Finland. We should also note the remarkable similarity in shape, 
and disparity in magnitude, of the unemployment paths in these two 
economies. 
 The contribution of our work is a country-specific analysis of the Nordic 
economies where the evolution of capital accumulation accounts for the above 
heterogeneities. A bird’s-eye view of the capital-unemployment relationship is 
depicted in Figures 1b, 1d, and 1f: the correlation between the rates of 
unemployment and capital stock growth is -0.67 in Denmark, -0.52 in Sweden, 
and -0.91 in Finland. 
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FIGURE 1 Unemployment and capital accumulation in the Nordic countries 

 
To explain the unemployment hikes of the 1970s and early 1980s in Denmark, 
Green-Pedersen (2001) and Green-Pedersen and Lindbom (2005) point to 
interest rates as one of the main driving forces under the deteriorated 
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international wage competitiveness and the decrease in the terms of trade that 
pushed unemployment upwards. 
 Fregert and Pehkonen (2009) provide a comparative review of some of the 
most influential studies analysing the Finnish and Swedish labour markets in 
the 1990s. Based on the combined evidence of the surveyed works and their 
own estimates they conclude that the main driving forces of the Finnish 
unemployment were the rise in interest rates, productivity shocks and tax 
changes. Productivity shocks and tax changes were also significant in Sweden, 
but with a smaller impact, while interest rates seem to have played no role.70 
 Honkapohja and Koskela (1999) attribute the unemployment problem in 
Finland to the financial crisis resulting from the pre-1992 overheating of the 
economy, the collapse of asset prices and the subsequent high indebtedness of 
firms and households, which were worsened with an interest rate rise to defend 
the exchange rate of the Markka. We believe that the Finnish financial crisis 
contributed to the permanent drop in the growth rate of capital stock that we 
identify in Section 4.4.71 The fact that Denmark did not suffer a similar banking 
crisis is attributed by Edey and Hviding (1995) to a more prudential supervision 
of Danish banks and tighter capital standards. 
 This paper measures the unemployment effects of capital accumulation in 
the Nordic countries by applying the chain reaction theory (CRT) of 
unemployment.72 The CRT uses a dynamic structural labour market model, 
with spillover effects, to evaluate the responses of unemployment to the 
realised changes in the exogenous variables. In this way, the CRT allows us to 
assess the role of capital stock on the evolution of unemployment via its 
influence on labour demand and wage setting. This is in stark contrast with the 
mainstream NAIRU approach, which does not accommodate any influence of 
capital accumulation on unemployment (see Layard, Nickell and Jackman, 
1991, reprinted in 2005, hereafter referred as LNJ). In particular, LNJ argue that, 
on one hand, any productivity gains arising from capital accumulation are 
absorbed by the workers’ bargaining power and, on the other, unemployment 
benefits block the possibility that efficiency gains are translated into 
employment ones. 
 There is a tendency in the literature to examine the influence of capital stock 
on unemployment by using single unemployment rate equations and proxy 
variables such as real interest rates, real balances or investment ratios. We believe 
there are two main problems with single-equation estimation of the 
unemployment rate. First, it is questionable as to whether the above proxies can 

                                                 
70 Kiander and Pehkonen (1999) point to the rise in interest rates (caused by the high 

European interest rates, the speculative attacks against the fixed exchange rate of the 
Finnish Markka and faster than expected disinflation) as the main factor behind the 
Finnish unemployment increase in the early 1990s. For Sweden, Holmlund (2006) 
argues that the relationship between real interest rates and unemployment is difficult 
to assess quantitatively and the empirical evidence not conclusive. 

71 Another factor responsible for this permanent drop is the phenomenon of ‘capital 
shedding’ (see Daveri and Silva, 2004). 

72 See, for example, Karanassou and Snower (1998), and Karanassou, Sala and Snower 
(2009). 
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capture the effects of capital accumulation net of other influences. Quite often the 
influence of capital stock is hidden behind non-controversial accounts of the 
unemployment upturns due to rises in interest rates or financial crises.73 Second, 
since the unemployment rate is a nontrended variable, single-equation models 
have to use exogenous variables that do not display a trend. This is not the case 
with multi-equation labour market models. As we show in Section 4.2, the only 
requirement is that each trended endogenous variable (e.g. employment, real 
wage, labour force) is balanced with the set of its explanatory variables. 
 In the context of our study of the “high unemployment” episodes in the 
Nordic countries, the benefit of the CRT modelling approach is that it enables us 
to evaluate the extent to which capital accumulation is responsible for their 
diverse unemployment upturns over the last decades. Specifically, we examine 
the rise in Danish unemployment in the aftermath of the oil price shocks and the 
substantial unemployment increases in the early 1990s in all three economies. To 
establish a link between these unemployment upturns and the evolution of 
capital stock, we first identify the downturns in the growth rate of capital stock 
using kernel density analysis, and then conduct dynamic simulations to measure 
the contributions of capital stock to unemployment movements. These 
contributions quantify the unemployment effects of capital accumulation. 
 In Denmark, we find that capital stock explains around 30% of the increase 
in unemployment in the aftermath of the oil price shocks and near 15% of the 
increase in the crisis of the early 1990s. In Sweden, capital accumulation 
contributes to 50% of the unemployment upsurge during the 1990s. Finally, the 
unemployment rate in Finland would have been 5 percentage points lower in 
the absence of the 1992 permanent drop in its capital stock growth rate. 
 The rest of the paper is structured as follows. Section 4.2 reviews and 
discusses the NAIRU, the aspirations gap and the CRT viewpoints on the 
capital-unemployment relationship. Section 4.3 presents the estimated 
equations for the Nordic economies. Section 4.4 associates the episodes of high 
unemployment in these countries with the slowdown in the growth rate of their 
capital stocks. Section 4.5 concludes. 
 
 
4.2 The capital-unemployment relationship 
 
 
The macro-labour literature in the 1990s was largely shaped by the NAIRU 
model and its focus on wage-push factors as main determinants of 
unemployment (see LNJ, 1991). Mainstream accounts have tended to deny the 
influence of capital formation on the European unemployment problem 
proposed by, among others, Drèze and Bean (1990). Nevertheless, the role of 
                                                 
73 For example, it is certainly true that a fall in interest rates (or a rise in real balances) 

may cause higher investment and, thereby, larger capital availability and new 
hirings, but it may also be capturing positive employment effects on account of the 
enhanced private consumption brought by this fall (rise). In this case it would be 
appropriate to include consumption as an explanatory variable in the estimation. 
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capital accumulation in the evolution of the unemployment rate has gradually 
regained the interest of macro-labour economists and the resulting literature is 
extensive and fast growing. 
 
4.2.1  The NAIRU model 
 
The finding that equilibrium unemployment is independent of capital stock is 
outlined in chapter 2 of LNJ (1991), where the microfoundations of the model 
are developed. It is a key result because it “helps to understand why, in the 
union context, unemployment is nontrended in the very long-run. If the 
production function is Cobb-Douglas (not a bad assumption) and benefit 
replacement rates are kept stable, then unemployment in the long run is 
independent of capital accumulation and technical progress” [p. 107]. 
 In turn, the macroeconomic framework for analysing unemployment is 
provided in chapter 8. Their model comprises the following equilibrium price 
( )P  and wage ( )W  setting equations (numbered 29 and 30 in p. 368): 
 
 ( )nkduaaWP −−−=− 10         (1) 
 ( ) ,10 xnkdubbPW +−+−=−        (2) 
 
where the a ‘s, the b ‘s and d  are all positive parameters, u  is the 
unemployment rate, k  denotes capital stock, n  is employment, and x  is a set of 
exogenous wage-push factors (all variables, except u , are in logs).74 Adding up 
equations (1) and (2) yields the NAIRU ( )∗u   
 

 .
11

00

ba
xbau

+
++=∗           (3) 

 
Note that this is independent of growth drivers such as the capital stock or trend 
productivity (i.e., nk −  ). Two assumptions affecting the role of k  and n  give rise 
to the above framework: (i) the production function is ( ) ε+−=− kndky  
(equation 17, in LNJ, p. 366), which restricts the elasticities of k  and n ;75 and (ii) 
( )nk −  has exactly the same impact on price and wage setting. Relaxing these 
assumptions implies that, instead of (1) and (2), we have 

nakauaaWP 3210 +−−=−  and xnbkbubbPW +−+−=− 3210 , which yield the 
following NAIRU: 
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74 When there is full utilisation of resources, employment equals the labour force, 

which in LNJ’s model is assumed to be constant. In that case, equations (1) and (2) 
may be expressed in terms of the ratio capital stock - (constant) labour force. This 
distinction is not significant for the purposes of our subsequent analysis. 

75 Note that this is a Cobb-Douglas production function (in logs): ( ) ε+−+= kddny 1 . 
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Observe that unless we impose some restrictions, growth drivers such as capital 
formation matter for the NAIRU. In particular, the restrictions needed to 
impose on equation (4) to obtain equation (3) are: (i) ( ) ( ) gabab =−=− 3322 , 
which implies that the NAIRU depends on the capital-employment ratio, 
instead of their individual levels; and (ii) 0=g , which means the NAIRU is 
independent of capital stock and employment. Karanassou and Snower (2004) 
call these restrictions the weak and strong unemployment invariance 
hypotheses, respectively, and reject them for the UK. 
 It is also important to note that, from the perspective of a labour demand 
equation, the capital-employment ratio can influence the NAIRU when the 
long-run elasticity of employment with respect to capital stock is unity. This of 
course indicates that the underlying production function is Cobb-Douglas (CD), 
which is one of the two central assumptions in the LNJ framework. (The other 
one is that unemployment benefits are set as a constant proportion of income 
and change in line with wages.) 
 In contrast to LNJ, Rowthorn (1999) uses a constant elasticity of 
substitution (CES) production function and shows that the capital-employment 
ratio affects unemployment when the elasticity of substitution between capital 
and employment is less than unity (he finds that this elasticity is typically 
between 0.6 and 0.8). More recently, Kapadia (2005) augments the standard CD 
production function by considering capacity constraints and shows that capital 
stock affects the equilibrium unemployment rate. This capital constrained 
function reduces to the standard CD when there is ‘spare capacity’. 
 Furthermore, both Rowthorn (1999) and Kapadia (2005) endogenise 
investment and provide mechanisms whereby the interest rate can also affect 
the NAIRU. Indeed, several authors have claimed this is the case. Blanchard 
(2005) substantiates the role played by interest rates and argues that capital 
accumulation has influenced the evolution of European unemployment over 
the past three decades. Modigliani (2000) shows there is a strong negative 
correlation between investment and unemployment rates, which is dubbed the 
“Modigliani puzzle” in Blanchard (2000, p. 140). Also, from the perspective of 
the Structuralist theory, interest rates and capital accumulation are important 
determinants of unemployment in the OECD countries. However, since 
unemployment is nontrended in the long run, the influence of capital has to be 
empirically assessed by considering its trendless transformations, such as the 
ratio of capital to labour in efficiency units (Phelps, 1994), or the ratio of 
investment over GDP (Smith and Zoega, 2007). 
 Within the standard LNJ framework, Gordon (1997) and Malley and 
Moutos (2001) have also challenged the idea that upward shifts in the time path 
of capital stock lead to countervailing shifts in the wage setting curve so as to 
restore unemployment to its original long-run equilibrium. Gordon (1997) 
argues that the unemployment-productivity tradeoff (UPT) schedule shifts with 
movements in capital relative to a fixed level of employment, and finds that 
countries with the largest increases in unemployment had the largest 
slowdowns in the growth rate of capital per potential labour hour [p. 459]. 
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However, the UPT schedule is flat in the long-run, implying no relationship 
between changes in productivity and changes in unemployment beyond the 
medium-term. In turn, Malley and Moutos (2001) augment the LNJ framework 
with a variant of the partial equilibrium models used in the strategic trade 
policy literature. In this context they show that, for twenty OECD countries, the 
unemployment rate is affected in the long-run when domestic and foreign 
capital stocks grow at unequal rates. 
 Finally, Stockhammer (2004) resorts to Keynesian arguments to augment 
the standard NAIRU model with capital accumulation, and finds that it is 
significantly related to the unemployment rate in the core European economies 
and the US. In contrast, he finds no robust support for the influence of wage-
push factors on unemployment. 
 
4.2.2 The ‘aspirations gap’ model 
 
It is common to refer to the price equation (1) as the ‘feasible real wage’, and to 
the wage equation (2) as the ‘target real wage’. This setup describes the 
conflicting claims of workers and firms, and is often called the ‘battle of the 
mark-ups’. Rowthorn (1977 and 1995), acknowledging the role of this conflict, 
develops an alternative model based on the concept of aspirations gap ( )A . 
 This aspirations gap emerges from four different claims on output: from 
the state (via taxes, T ), from foreign suppliers (via the import costs or the terms 
of trade, F ), from workers (via the labour share, Ŵ ) and from firms (via the 
profit share, Π̂ ). Ŵ  and Π̂  are target shares that workers and firms would 
receive if price expectations were realised. The extent to which these targets are 
accomplished depends on the aspirations gap, i.e., the relative strengths of 
workers and firms in this conflict. The main contribution of the aspirations gap 
model is the role played by capacity utilisation: “unemployment reduces the 
ability of workers to push up wages, while excess capacity limits the ability to 
firms to raise prices” (Rowthorn, 1995, p. 28). 
 The wage and profit shares depend also on taxes and import costs (or the 
terms of trade), so that ),,(ˆˆ

−−−
= FTUWW  and ),,(ˆˆ

−−+
Π=Π FTC , where U  denotes 

unemployment and C  is capacity utilisation. Symbols underneath the variables 
indicate the signs of the respective derivatives. In this context, the aspirations 
gap is defined as Π−≡ ˆŴA , and the NAIRU is the equilibrium rate of 
unemployment that closes the aspirations gap, i.e., 0=A . 
 In other words, the gap between workers’ and firms’ aspirations is 
reduced not only by unemployment (as in the LNJ model) but by capital 
accumulation as well. The mechanism whereby capital accumulation reduces 
the conflict over income distribution between workers and firms is twofold. 
First, since capital stock raises excess capacity, it squeezes the firms’ power to 
increase prices. Second, given that capital formation leads to a better trade 
performance, it increases the amount of resources available for domestic use. 
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 Rowthorn (1995) estimates the impact of capital formation on 
manufacturing and services employment in ten OECD countries, and finds 
significant cumulative effects in the aftermath of the 1973 oil price shock. In 
turn, Arestis and Biefang-Frisancho (2000) and Arestis Baddeley and Sawyer 
(2007) extend Rowthorn’s aspirations gap model, linearise Ŵ  and Π̂ , and 
estimate the impact of capital on the NAIRU using an equation as follows: 
 
 ,3210 termsotherFcTckccu +++−=∗       (5) 
 
where ‘other terms’ refer to union power, real benefits, long-term unemployed, 
and nominal price inertia in Arestis and Biefang-Frisancho (2000); and to union 
power, replacement rate, wage gap and long-term unemployment in Arestis 
Baddeley and Sawyer (2007).76 The first of these studies finds significant effects 
of capital accumulation on unemployment in Germany and the UK, while the 
latter, in turn, documents a robust negative relationship between capital 
accumulation and unemployment in nine EMU countries (including Germany). 
Note that both studies rely on integration/cointegration techniques and 
estimate error correction models. 
 
4.2.3 The chain reaction theory 
 
In line with Rowthorn’s aspirations gap model, the CRT supports the claim that 
capital accumulation matters for unemployment. Yet, the CRT goes beyond this 
effect and argues that all growth drivers, such as technical change, productivity 
or working-age population, can explain the performance of the labour market. 
 To reconcile the effects of trended variables with the trendless path of the 
unemployment rate, the CRT uses a multi-equation labour market model where 
each trended left-hand side variable (e.g. employment, real wage, labour force) 
is balanced with the set of the trended regressors in the relevant equation. For 
expositional simplicity, consider the following stylised labour market model (all 
variables, except the unemployment rate, are in logs and error terms are 
ignored for simplicity). 
 First, labour demand is given by 
 
  ,1111 tttnt wknn γβαα −++= −       (6) 
 
where tw  is the real wage, all parameters are positive, and 11 <α . Note that if 

( )11 1 αβ −= , i.e. the elasticity of substitution is one, the production function 
underlying (6) is the CD one assumed by LNJ. 

                                                 
76 Studies which, plausibly, treat unemployment as stationary need to have stationary 

exogenous variables on the right-hand side of the equation. However, studies which 
find it to be I(1) need to make sure that the I(1) exogenous variables are cointegrated 
with unemployment. As we show below, the CRT does not encounter this issue since 
it does not estimate single unemployment rate models but, instead, uses multi-
equation labour market systems to derive the dynamically stable reduced form 
unemployment equation. 
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 In the absence of dynamic adjustments, i.e. when the market is in its long-
run equilibrium, equation (6) can be interpreted as an inverted price equation 
along the lines of the LNJ model. This can be seen by defining wPW =− , 
normalising labour force so that nu −= 1 , and rewriting equation (1) in terms of 
n . We thus obtain wkn n 11 γβα −+= , where ( ) ( )daaan +−= 101 /α , ( )da += 111 /γβ , 
and ( )da += 11 /1γ . 
 Second, wage setting is 
 
 ( ),32212 tttttwt nkuxww −+−++= − γγβαα      (7) 
 
where all coefficients are positive, and the autoregressive parameter 12 <α . 
Note that (7) can be regarded as the dynamic version of the LNJ wage setting 
equation (2), where the real wage depends negatively on the unemployment 
rate, and positively on the wage-push factors ( )tx  and trend productivity 
( )tt nk − . Note that if ( )23 1 αγ −= , we have the LNJ restriction that real wages 
absorb any productivity gains. 
 Third, unlike the LNJ model, CRT models consider explicitly a labour 
supply equation. Without loss of generality, let the labour force depend only on 
demographic factors, such as working-age population ( )tz , and abstract from 
any dynamic adjustments and other influences: 
 
 .tt zl =            (8) 
 
We should note that the labour market equations (6)-(8) are compatible with 
standard microeconomic foundations (in addition to LNJ, 1991, see Karanassou, 
Sala, and Snower, 2007). Furthermore, the autoregressive components of the 
equations, which we call “lagged adjustment processes”, are well documented 
in the literature and refer, among others, to employment adjustments arising 
from labour turnover costs (hiring, training and firing costs), and real wage lags 
due to wage/price staggering. 
 Finally, since labour force and employment are in logs, the unemployment 
rate can be approximated by their difference: 
 
 ,ttt nlu −=            (9) 
 
In the context of the labour market model (6)-(9), we can make the following 
observations. First, if  01 =γ  , or 032 == γγ , changes in capital stock ( )tk  do not 
spillover in the labour market system, and so the unemployment effects of this 
variable can be adequately captured by the labour demand equation (6). In 
addition, if the wage elasticity of employment is zero ( )01 =γ , the wage-push 
factors ( )tx  do not feed through labour demand, and thus do not influence 
unemployment. Second, if unemployment does not put downward pressure on 
wages ( )02 =γ , there are no working-age population ( )tz  spillovers. In this case, 
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the labour supply equation (8) can sufficiently measure the unemployment 
responses to changes in working-age population. 
 To sum-up, when spillover effects are present, the individual labour 
demand and supply equations cannot provide adequate measures of the 
sensitivities of unemployment to the exogenous variables. Instead, these are 
given by the univariate representation of unemployment, derived below, as it 
incorporates all the feedback mechanisms in the labour market model. 
 To derive unemployment as a function of its own lags and the exogenous 
variables (univariate representation), let us rewrite the demand (6) and wage (7) 
equations as 
 
 ( )( ) ( ) ( ) ,1111 212121 ttt wBkBnBB αγαβαα −−−=−−     (10) 
 ( ) ( ),1 3222 ttttt nkuxwB −+−=− γγβα       (11) 
 
respectively, where B  is the backshift operator. Next, we substitute (11) into 
(10) to obtain the following labour demand: 
 
 ( )( )[ ] ( )[ ] ,111 212131213121 tttt uxkBnBB γγβγγγαβγγαα +−−−=−−−  (12) 
 
and rewrite the labour supply equation (8) as 
 
 ( )( )[ ] ( )( )[ ] .1111 31213121 tt zBBlBB γγααγγαα −−−=−−−    (13) 
 
Finally, we subtract (12) from (13) to derive the univariate representation of 
unemployment:77 
 

 

( )( ) ( ) ( )
( )( )

1 2 1 2 3 1 3 1 2

1 2 1 2 1 3

1 1 1

1 1
t t

t t

B B u B k

x B B z

α α γ γ γ γ γ β α

γ β α α γ γ

− − + − = − −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦
+ + − − −⎡ ⎤⎣ ⎦   (14) 

The above dynamic equation is also called the “reduced form” unemployment 
rate, since its parameters are not estimated directly, but are, instead, some 
nonlinear function of the parameters of the underlying labour market system 
(6)-(8). 
 Reparameterising (14), we have that: 
 
 ,2211110002211 −−−−− +−+++−−= t

z
t

z
t

k
t

z
t

x
t

k
ttt zzkzxkuuu θθθθθθφφ   (15) 

where ( ) ,321

21
11 γγγ

ααφ −+
+=  ( ) ,321

21
12 γγγ

ααφ −+=  ( )321

311
10 γγγ

γγβθ −+
−=k , ( )321

21
10 γγγ

βγθ −+=x , 

( ) ,
321

31
1

1
0 γγγ

γγθ −+
−=z ( )321

12
11 γγγ

βαθ −+=k , ( )321

21
11 γγγ

ααθ −+
+=z  and ( )321

21
12 γγγ

ααθ −+=z . 
 

                                                 
77 Note that (12), (13), and (14) are dynamically stable since (i) products of polynomials 

in B  which satisfy the stability conditions are stable, and (ii) linear combinations of 
dynamically stable polynomials in B  are also stable. 
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The CRT views macroeconomic activity as the result of the interplay between 
lagged adjustment processes and spillover effects (i.e. changes in the exogenous 
variables, like capital stock) feeding through the labour market system. The 
univariate representation of the unemployment rate (15) displays the following 
key elements of the CRT. First, the autoregressive coefficients 1φ  and 2φ  
represent the interactions of the employment adjustment ( )1α  and wage-price 
staggering ( )2α  processes. Second, the short-run coefficients ( )s'0θ  of the 
exogenous variables embody the feedback mechanisms built in the system, 
since they are a function of the short-run elasticities/slopes ( )s'β  of the 
individual equations (6)-(8) and the spillover effects (γ ‘s). Third, the interplay 
of the employment adjustment and wage-price staggering effects, on the one 
hand, and the spillover effects, on the other, gives rise to the lagged terms of the 
exogenous variables. Using time-series jargon, we can refer to these lags as the 
moving-average terms of (15). 
 Finally, capital stock, a trended variable, features as a driving force of the 
unemployment rate, a stationary variable. This is a controversial and hotly 
debated result that we can justify as follows. Capital stock enters the system as 
a determinant of employment, which is a trended variable. This gives a 
balanced labour demand equation (6), since it is dynamically stable ( )11 <α , i.e. 
the trended employment and capital stock move together. Similarly, the 
trended labour force is driven by working-age population (also a trended 
variable), and the labour supply (8) is itself a balanced equation. Also note that, 
since (12) is dynamically stable,78 labour demand remains balanced once the 
wage (7) has been substituted into (6). 
 Therefore, the “reduced” unemployment rate equation is itself balanced, 
since (by (9)) it is simply the difference between the dynamically stable labour 
supply and demand equations. Karanassou and Snower (2004) show that 
equilibrating mechanisms in the labour market and other markets jointly act to 
ensure that the unemployment rate is trendless in the long-run. These 
mechanisms can be expressed in the form of a restriction on the 
relationship between the long-run growth rates of capital stock and other 
growing exogenous variables,79 and allow us to evaluate the influence of the 
level (as opposed to the ratio or the difference) of capital stock to the evolution 
of the unemployment rate. 
 
                                                 
78 This is because the products of polynomials in B  which satisfy the stability 

conditions are also stable. 
79 Given the univariate representation (14) of the labour market model (6)-(9), it can be 

shown that the unemployment rate stabilises in the long-run if 
 ( )[ ] ( )( )[ ] ,111 2131213121 xzk ggg βγγγααγγαβ +−−−=−−  
 where kg , zg , and xg  denote the long-run growth rates of capital stock, working-

age population, and the wage-push factor, respectively. If tx  does not grow in the 
long-run, the above restriction simplifies to 
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4.2.4 Upshot 
 
Whereas the LNJ model (1)-(2) is ex-ante restricted so that capital stock does not 
influence unemployment (recall that the relevant restrictions are 22 ab =  and 

33 ab =  in equation (4)), the aspirations gap and chain reaction theory models do 
not postulate that the underlying production function is CD and real wages 
absorb productivity gains. Therefore, both the aspirations gap and CRT models 
can test and evaluate the unemployment effects of capital accumulation. In the 
aspirations gap model (5), the relevant test is that unemployment and capital 
stock are cointegrated. In the context of the univariate unemployment rate 
representation (14) of the CRT model (6)-(9), the relevant test is that the long-
run elasticity of unemployment with respect to capital stock ( )ku ,ε  is zero. This 
elasticity can be derived by setting the backshift operator equal to one in (14): 
 

 ( )
( )( ) ( ).

11
1

32121

2131
, γγγαα

αβγγε
−+−−

−−=ku  

 
Note that, capital accumulation does not affect unemployment when either of 
the following three restrictions apply: (i) ( )2131 1 αβγγ −= , or (ii) 01 =β  and 

01 =γ  or 03 =γ , or (iii) 12 =α  and 01 =γ  or 03 =γ . Clearly, if either (ii) or (iii) 
hold, then (i) holds as well. Also note that the counterpart of restriction (i) in the 
LNJ framework (equation (4)), is that ( ) ( ) 03322 ==−=− gabab . This is a very 
stringent condition which, as it will become clear in the next section, does not 
hold for any of the Nordic economies that we examine. 
 There are two main strands in the empirical NAIRU literature (see, among 
others, Stockhammer, 2004). The first one deals with the estimation of price and 
wage setting curves from which the NAIRU is derived (see chapter 9 in LNJ, 
1991). The second one involves the estimation of single-equation reduced form 
unemployment models using time-series data (as in several studies of the 
Phelps’ Structuralist perspective), or conducting cross-country analyses 
(Nickell, 1997, and Blanchard and Wolfers, 2000, among others). As explained 
above, a multi-equation system estimating the NAIRU embodies restrictions 
which prevent the influence of growing variables. On the other hand, since the 
unemployment rate is trendless, the regressors in the single-equation empirical 
NAIRU models are bound to be stationary and, thus, no role is assigned to the 
levels of growing variables such as capital stock. 
 With regard to the CRT viewpoint, empirical models have provided 
evidence for the important role of capital accumulation in the evolution of 
unemployment in Spain (Bande and Karanassou, 2009), in the UK (Henry, 
Karanassou and Snower, 2000), and in the EU (Karanassou, Sala and Snower, 
2003). Furthermore, it has been shown that the NAIRU restrictions do not hold 
in the UK (Karanassou and Snower, 2004), and that the natural rate has low 
power in explaining actual unemployment in the UK (Henry, Karanassou and 
Snower, 2000) and Denmark (Karanassou, Sala and Salvador, 2008). 
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 In a nutshell, the CRT labour market models differ from the conventional 
literature of the LNJ tradition in one main respect: they do not impose ex-ante 
restrictions on the capital-unemployment relationship. 
 
 
4.3 Econometric analysis 
 
 
The empirical models presented below are in line with the consensus view of 
the labour market, according to which (i) labour demand is negative along the 
real wage and shifts with changes in capital stock, (ii) rises in capital deepening 
(a proxy for productivity) increase real wages, and (iii) labour supply is positive 
along the real wage. In particular, the estimated labour market equations are 
extended versions of the stylised model (6)-(8). Although labour demand, wage 
setting, and labour supply share a common structure among the three countries 
in our dataset, they also have idiosyncratic terms that are identified by the 
general-to-specific element of our estimation procedure. 
 
4.3.1 Data and methodology 
 
The dataset is obtained from the OECD Economic Outlook and the sample 
period of our analysis is 1973-2005 for Denmark, 1976-2005 for Finland, and 
1966-2005 for Sweden. Table 1 gives the definitions of the variables included in 
the selected equations.80 
 
TABLE 1 Definitions of variables 
 
n  employment (log)     r  real long-term interest rate 
l  labour supply (log)    fd  exports-imports (% of GDP) 

w  real compensation per employee (log) dτ  direct tax rates (% of GDP) 
u  unemployment rate ( )nl −    iτ  indirect tax rates (% of GDP) 
k  real capital stock (log)    g  public expenditures (as % of GDP) 
nk  capital stock per employee ( )nk −   wτ  fiscal wedge81 
z  participation rate ( )population age-working

forcelabour   o  real oil prices (log)   

Source: OECD, Economic Outlook. 
 
                                                 
80 Note that we have experimented with a wider set of exogenous variables - social 

security benefits and contributions, measures of competitiveness, financial wealth, 
real money balances, and consumption - but these were found to have no 
explanatory power on the endogenous variables. For each equation we start from a 
common general specification, across countries, which after progressive filtering 
yields country-specific results. For example, in Denmark, the country with the largest 
share of public expenditures over GDP, we find that this variable has a strong effect. 
In turn, in Sweden and Finland, where tax reforms were implemented to stabilise 
government debt and reduce the budget deficit, tax variables are important. 

81 The fiscal wedge is the sum of direct, indirect and payroll taxes as a ratio of total 
compensation of employees. 
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The estimation strategy involves the Autoregressive Distributed Lagged 
(ARDL) approach developed by Pesaran and Shin (1999) and Pesaran, Shin and 
Smith (2001). The justification of this choice can be summarised as follows. It 
has been shown that the ARDL yields consistent estimates both in the short- 
and long-run, and can be reliably used in small samples for hypothesis testing 
irrespective of whether the regressors are I(1) or I(0). Therefore, the ARDL 
offers an alternative to the popular cointegration/error-correction methodology 
that avoids the pretesting problem implicit in the standard cointegration 
techniques - the Johansen maximum likelihood, and the Phillips-Hansen semi-
parametric, fully-modified OLS procedures. Furthermore, Pesaran and Shin 
(1999) argue that the Phillips-Hansen and ARDL approaches are directly 
comparable, and the estimator of the former is outperformed by the ARDL 
estimator, especially when the sample size is relatively small (as in our case). 
 Our dynamic labour market model comprises labour demand, wage 
setting, and labour supply equations:82 

 

 ,
2

0

2

1
0 titi

i
iti

i
t ε++= −

=
−

=
∑∑ xDyAyA        (16) 

 
where ty  is a ( )13×  vector of endogenous variables (employment, real wage, 
and labour force), tx  is a ( )19×  vector of exogenous variables, the iA ‘s and iD ‘s 
are ( )33×  and ( )99× , respectively, coefficient matrices, and tε  is a ( )13×  vector 
of strict white noise error terms. 
 Each equation of the labour market system (16) is estimated following the 
ARDL approach and the selected specifications pass a battery of diagnostic tests 
for serial correlation, linearity, normality, heteroskedasticity and autoregressive 
conditional heteroskedasticity, and structural stability. Finally, to account for 
potential endogeneity and cross equation correlation we estimate the labour 
market model for each country with 3SLS. These estimated equations, together 
with the definition (9), are then used to obtain the “reduced form” 
unemployment rate equation underlying the rest of our empirical analysis. 
 In what follows, we discuss our estimation results and provide an overall 
evaluation of the selected labour market models.83 
 
4.3.2 Labour demand 
 
Table 2 reports the 3SLS estimates of the employment equation for the three 
countries. 

                                                 
82 The dynamic system (16) is stable if, for given values of the exogenous variables, all 

the roots of the determinantal equation  
 02

210 =−− BB AAA  lie outside the unit circle. Note that the estimated equations 

given below satisfy this condition. 
83 Although Tables 2-4 only give the 3SLS results, the OLS estimates together with the 

results on the misspecification tests are available upon request. 
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 It is worth observing the different employment persistence across 
countries. Labour demand in Denmark displays the lowest persistence 
coefficient, 0.18, indicating a quick speed of adjustment to economic 
disturbances. This may reflect the high degree of flexibility which characterises 
the Danish labour market (the employment protection legislation is among the 
less strict in the OECD countries). In turn, the persistence coefficients in Sweden 
and Finland are substantially higher and amount to 0.66 and 0.64, respectively. 
Note that in Sweden the multiplicative dummies, 1

1
d
tn −  and 2

1
d
tn − , take into account 

the significant decrease in employment persistence over 1991-2005.84 
 
TABLE 2 Labour demand equations – Dependent variable: tn  
 
Denmark (1973-2005)  Sweden (1966-2005) Finland (1976-2005) 
const  11.6 [0.000] const  2.88 [0.046] const  2.95 [0.004] 

1−tn  0.18 [0.000] 1−tn  0.66 [0.000] 1−tn  0.64 [0.000] 

1−Δ tn  0.61 [0.000] 1
1
d
tn −  -0.001 [0.140] 1−Δ tn  0.19 [0.046] 

tw  -0.58 [0.000] 2
1
d
tn −  -0.003 [0.005] tw  0.71 [0.000] 

1−tw  -0.30 [0.052] tw  -0.78 [0.000] 1−tw  -0.95 [0.000] 

tk  0.48 [0.000] 1−tw  0.67 [0.000] tk  0.28 [0.001] 

tkΔ  1.78 [0.001] tk  0.22 [0.002] tkΔ  1.87 [0.001] 

1−Δ tk  1.14 [0.083] tkΔ  2.56 [0.000] tr  -0.34 [0.009] 

tg  1.02 [0.001] i
tτ  -1.08 [0.004] tfd  0.34 [0.007] 

tgΔ  -0.89 [0.012] 

1−Δ tg  0.95 [0.003] 
 

2R   0.981   0.935   0.971 
Note: Δ denotes the difference operator; p-values in square brackets. 
 
The effect of capital stock is significant in all three economies, with a long-run 
elasticity of 0.6 in Denmark (i.e. a 1% rise in k  boosts employment by 0.6%), 0.7 
in Sweden, and 0.8 in Finland. Note that all these values are in the range given 
by Rowthorn (1999). 
 Furthermore, employment in Denmark is very sensitive to wage 
variations; the long-run elasticity of almost negative unity comes as no surprise 
in such a flexible labour market. The long-run wage elasticities in Sweden and 

                                                 
84 We believe the decrease in persistence over that period is related to the boost in the 

active labour market programmes (ALMPs) - with increases in the volume of training 
programmes and expansion of subsidised employment and youth practice 
programmes - and the extension of the maximum permitted duration for 
probationary contracts from 6 to 12 months. Note that 11 −− ×= t

di
t ndin , for 2,1=i , 

where the dummy 1d  takes the value 1 over the period 1991-1994, zero otherwise, 
and the dummy 2d  takes the value 1 over the period 1995-2005, zero otherwise. 
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Finland are -0.3 and -0.7, respectively. The latter is in line with Kiander and 
Pehkonen (1999) who show that wages affect the Finnish labour demand with 
an elasticity between -0.3 and -0.8, depending on the sample period. 
 Further to the above common determinants, we have also identified 
idiosyncratic influences: government expenditures in Denmark, indirect taxes 
in Sweden, and real interest rates and foreign demand in Finland. 
 The strong influence of government expenditures on the Danish economy 
relates to the fact that its public sector is responsible for the production of the 
vast majority of services and accounts for almost a third of total employment.85 
The role of interest rates in the Finnish unemployment rate has been extensively 
studied by Kiander and Pehkonen (1999), Honkapohja and Koskela (1999) and 
Fregert and Pehkonen (2009). In turn, the presence of foreign demand captures 
the important export-led recovery of the Finnish economy during the last 
decades, a phenomenon that Kiander and Pehkonen (1999) found significant in 
explaining the unemployment trajectory. 
 
4.3.3 Wage setting 
 
Table 3 below presents the 3SLS estimates of the real wage equation for the 
three countries. 
 Similarly to the labour demand, wage setting exhibits different degrees of 
persistence across countries. As expected, the quickest adjustment takes place in 
Denmark, where the inertia coefficient is 0.32, with Sweden, 0.62, and Finland, 
0.80, displaying more sluggishness. 
 
TABLE 3 Wage setting equations – Dependent variable: tw  
 
Denmark (1973-2005)  Sweden (1966-2005) Finland (1976-2005) 
const  5.34 [0.000] const  3.24 [0.000] const  1.52 [0.037] 

1−tw  0.32 [0.000] 1−tw  0.62 [0.000] 1−tw  0.80 [0.000] 

1−Δ tw  0.44 [0.001] 1tw −Δ  0.21 [0.046] tu  -0.59 [0.000] 

tu  -0.60 [0.000] tu  -0.67 [0.004] n
tk  0.22 [0.039] 

n
tk  0.31 [0.000] n

tk  0.31 [0.000] w
tτ  0.27 [0.008] 

tr  0.38 [0.000] d
tτ  0.63 [0.004] to  0.02 [0.003] 

   1
d
tτ −  -046 [0.056] 

   i
tτ  -0.78 [0.003] 

 
2R   0.995   0.995   0.995 

Note: Δ denotes the difference operator; p-values in square brackets. 
 

                                                 
85 See Karanassou, Sala and Salvador (2008) for a detailed analysis of the Danish labour 

market. 
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Furthermore, wages in all three countries are influenced by unemployment and 
capital deepening with the expected negative and positive signs, respectively. It 
is important to note that capital deepening (defined as the log of capital stock 
per employee) is a standard proxy of (the log of) labour productivity and 
several studies document its significance in the Nordic economies - Hansen and 
Warne (2001) in Denmark, Hjelm (2006) in Sweden, and Kiander and Pehkonen 
(1999) in Finland. In particular, the latter find that capital deepening is the most 
important factor in wage setting with a long-run elasticity close to unity. In our 
estimations, the long-run “productivity” elasticity of wage is close to unity in 
Sweden and Finland (0.82 and 1.10, respectively), while in Denmark it is only 
0.46. 
 The absence of social security benefits and contributions from our 
estimations may appear striking, at first sight, given the important role usually 
assigned to these institutional variables. Note, however, that wage setting in 
Finland is influenced by the fiscal wedge, while wages in Sweden are affected 
by direct and indirect taxes. These results are consistent with other findings in 
the literature. Pehkonen (1999), and Kiander and Pehkonen (1999) outline the 
harmful employment effects of the steady growth in the fiscal wedge via the 
increasing wage pressure brought by the higher income and payroll taxes used 
to finance the Finnish pension and unemployment insurance systems. 
Regarding Sweden, the significance of taxes is also acknowledged by Forslund 
(1995), and Fregert and Pehkonen (2009), among others. We can thus argue that 
taxes and fiscal wedge capture the effect of wage push factors, such as benefits 
and contributions, in wage setting. 
 In Denmark, real interest rates contribute positively to real wages due to 
their downward pressure on prices.86 Finally, the sensitivity of wages to oil 
prices, in Finland, signifies the exposure of this labour market to external 
shocks (see also Honkapohja and Koskela, 1999). 
 
4.3.4 Labour supply 
 
Table 4 below gives the 3SLS estimates of the labour force equation for the three 
countries. 
 In contrast with labour demand and wage setting, labour supply in 
Denmark features the highest persistence among the three economies. Note also 
that, while in Sweden and Finland stickiness in labour supply decisions does 
not differ substantially from that of labour demand and wage setting, in 
Denmark labour market flexibility is attained via quick labour demand and 
wage adjustments. 
 The role of wages and unemployment in labour supply decisions of the 
three countries is as expected. Wages exert an overall positive influence, while 
unemployment has a negative effect (in Denmark and Finland via a 
discouraged workers effect, in Sweden through the level of unemployment). 

                                                 
86 Note that the effect of interest rates on unemployment is the expected negative one, 

since wages enter negatively in labour demand. 
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TABLE 4 Labour supply equations – Dependent variable: tl  
 
Denmark (1973-2005)  Sweden (1966-2005) Finland (1976-2005) 
const  1.24 [0.000] const  4.55 [0.000] const  3.76 [0.000] 

1−tl  0.90 [0.000] 1−tl  0.64 [0.000] 1−tl  0.70 [0.000] 

1−Δ tl  0.76 [0.000] 2tl −Δ  -0.33 [0.000] 1−Δ tl  1.33 [0.000] 

tuΔ  -0.04 [0.032] tu  -0.32 [0.000] 2tl −Δ  0.03 [0.053] 

1−Δ tu  -0.04 [0.035] tw  0.08 [0.000] tuΔ  -0.08 [0.000] 

tw  0.02 [0.004] tz  0.32 [0.000] 1−Δ tu  -0.01 [0.444] 

twΔ  -0.03 [0.035]   tw  0.05 [0.000] 

tz  0.18 [0.000]   twΔ  -0.03 [0.027] 

tzΔ  1.09 [0.000]   tz  0.42 [0.000] 

1−Δ tz  -1.04 [0.000]   tzΔ  0.85 [0.000] 

     1−Δ tz  -1.86 [0.000] 
 

2R   0.999   0.995   0.999 
Note: Δ denotes the difference operator; p-values in square brackets. 
 
Finally, it is through the participation rate instead of the working-age 
population that we can capture demographic influences on the labour supply 
movements. We explain this finding by recognising that the participation rate 
reflects both cultural - the society’s attitude towards the labour market - and 
institutional features that have led the Nordic countries to have the highest 
(female and youth) participation rates in the OECD. 
 In particular, Denmark is the sole country where participation rates have 
stayed above 80% - the highest in the OECD countries - since the mid-1980s 
after the economy had recovered from the oil price crises. This is due to the 
system of Active Labour Market Policies characterising the Danish labour 
market that dates back to 1979. Its main objective is to promote labour market 
participation, thus avoiding labour shortages and ensuring the sustainability of 
public finances (see Andersen, 2006, and Plougmann and Madsen, 2005). 
 
4.3.5 Evaluation of the models 
 
We further evaluate our empirical models with two auxiliary diagnostics. First, 
we test whether the long-run relationships implied by our estimations (second 
column of Table 5) comprise cointegrating vectors within the Johansen 
framework. Once the maximal eigenvalue and trace statistics confirm that the 
variables involved in each equation are cointegrated, the Johansen’s 
cointegrating vectors (third column of Table 5) are restricted to take the 
corresponding long-run values of our estimated equations. The last column of 
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Table 5 displays the LR tests following a ( )⋅2χ  distribution.87 Observe that the 
restrictions cannot be rejected at conventional sizes of the test, indicating that 
the estimation methodology we followed conforms with the Johansen 
procedure. 
 
TABLE 5 Testing the long-run relationships in the Johansen framework 
 

  ARDL Johansen  LR test 
Labour demand equations ( )kwn  ( )kwn  

Denmark   (1  1.20  -0.59)  (1 0.61 -0.38) 2χ (2)=0.93[0.628] 

Sweden   (1  0.32  -0.65)  (1  -0.26  -0.08) 2χ (2)=4.34[0.114] 

Finland   (1  0.67  -0.78)  (1  1.72  -1.97) 2χ (2)=5.71[0.058] 
 
Wage setting equations  ( )nkw  ( )nkw  

Denmark   (1  -0.46)  (1  -0.44) 2χ (2)=2.25[0.324] 

Sweden   (1  -0.82)  (1  -0.75) 2χ (2)=5.89[0.053] 

Finland   (1  -1.10)  (1  -1.13) 2χ (2)=5.71[0.058] 
 
Labour force equations  ( )wl  ( )wl  

Denmark   (1  -0.20) (1  -0.19) 2χ (1)=0.52[0.471] 

Sweden   (1  -0.22)  (1  -0.20) 2χ (1)=1.28[0.258] 

Finland   (1  -0.17)  (1  -0.16) 2χ (1)=2.46[0.117] 
    
Note: p-values in square brackets; 5% critical values: 2χ (1) = 3.84; 2χ (2) = 5.99. 
 
Second, we check the model’s ability to replicate the actual facts. As Figure 2 
shows, the estimated labour market models track actual unemployment very 
closely in all three countries - the only exception is the early part of the sample 
for Sweden. However, we do not find this discrepancy unsettling, since it is 
probably due to shocks affecting the foreign sector of the Swedish economy 
(e.g. devaluations) that dissipated by the late 1970s. In addition, the 1990s 
slump, which is the central focus of our analysis, is tracked very precisely. 
 

                                                 
87 It should be noted that the VAR model underlying the Johansen procedure contains 

all the variables in our labour market model, both the I(0) and I(1) variables. 
Naturally, the cointegration tests, only consider the I(1) variables in our models: tn , 

tw , tl , and tk  (recall that tt
n
t nkk −= ). This implies that we test two restrictions in 

the labour demand and wage setting equations and one in the labour supply 
equation. To conserve space, we do not report the results of the underlying unit root 
and cointegration tests. These are available upon request. 
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FIGURE 2 Unemployment rate: actual and fitted values 

 
 
4.4 Contributions of capital accumulation to unemployment 
 
 
The Nordic countries are generally treated as a relatively homogenous area 
which is compared with other groups such as the Continental European or the 
Anglo-Saxon economies. However, the plots in Figure 2 evidence the significant 
disparities in the unemployment trajectories of the three countries. 
 In the last decades Denmark has experienced two periods of rising 
unemployment, the first one in the aftermath of the oil price shocks with a rise 
of 8 percentage points (from 0.8% in 1973 to 8.8% in 1983), and the second one 
in the late 1980s and early 1990s with the unemployment rate doubling from 
5.1% in 1987 to 10.0% in 1993. 
 In contrast, the Finnish and Swedish experiences are characterised by a 
long period of low unemployment lasting until the end of the 1980s, which was 
abruptly terminated in the early 1990s. For this, and other reasons, these two 
countries are sometimes referred to as the “twin economies,” even though their 
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unemployment trajectories display clear differences in terms of magnitudes. For 
example, the rate of unemployment in Sweden was on average 2.5-3 percentage 
points lower than that in Finland during the “full-employment” period. In the 
recession of the early 1990s, the Swedish unemployment rate never exceeded 
8.6%, while the Finnish unemployment rate was pushed to a high of 18.2%. 
Finally, in the subsequent recovery, the difference between the two 
unemployment rates remained above 5 percentage points until 2003. 
 In what follows we argue that the evolution of capital stock accumulation 
can account for the disparities in the unemployment trajectories of the Nordic 
economies. In particular, we show that, feeding through the labour market 
system, the investment downturns give rise to the unemployment rate upturns 
and drive their intensity and longevity. 
 
4.4.1 Identification of capital stock downturns 
 
We identify the investment downturns by estimating the kernel density 
function of the capital stock growth rate.88 This allows us to distinguish 
between the permanent and transitory components of the variable. Obviously, 
the term “permanent component” is not a universal concept - it only applies to 
our sample period. We should note that the kernel density analysis provides a 
simple and transparent way of determining the number and duration of 
investment slowdowns. 
 A stationary time series with different regimes is characterised by a 
multimodal density of its frequency distribution, the number of modes 
corresponding to the number of regimes. In particular, a unimodal kernel 
density indicates that a unique regime exists with mean equal to the value of 
the mode. On the other hand, a variable with two regimes displays a bimodal 
kernel density with a “valley point” dividing the observations in the sample. 
The data points are grouped in the two regimes depending on whether they lie 
to the left or to the right of the “valley point.” The kernel density analysis of the 
two-regime case can easily be extended to account for three or more regimes. 
 Naturally, when the variable is characterised by one regime, this is taken 
to be permanent. For multimodal kernel densities we distinguish between 
permanent and temporary regimes and identify them as follows. The variable 
starts in one regime (say, A) in the beginning of the sample, and then moves to 
another regime (say, B) at some later point in time. If the variable reverses to 
regime A before the end of the sample, then regime B is temporary and regime 
A is permanent. On the other hand, if the variable stays in regime B by the end 
of the sample then both regimes are permanent ones. 
 The plots of the kernel density functions in the first column of Figure 3 
reveal the number of regimes for the capital stock growth rates of the Nordic 

                                                 
88 Bianchi and Zoega (1998) use kernel density functions to examine the regime-mean 

shifts of unemployment in 15 OECD countries. Raurich, Sala and Sorolla (2006) apply 
the kernel density analysis to compare the relationship of unemployment and capital 
accumulation in the EU and the US. 



 

 

105

economies. The plots in the second column of Figure 3 display the actual series 
(solid lines) and the mean values of their permanent regimes (dotted lines). 
 According to Figure 3a, the growth rate of capital stock in Denmark 
displays a single regime with mean 3.6%. Figure 3b shows that Denmark 
experienced two downturns in investment over the 1978-1985 and 1989-1997 
periods with the growth rate of capital stock reaching a low of 2.0% in 1981 and 
2.6% in 1993. 
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FIGURE 3 Capital accumulation in the Nordic countries 

 
Figure 3c shows that the growth rate of capital stock in Sweden is also 
characterised by one regime with mean 3.3%. A temporary but prolonged 
downturn took place from 1991 to 1997 (see Figure 3d). In 1990 capital 
accumulation declined sharply from 3.9% to 1.0% in 1993; it slowly recovered 
afterwards to reach its structural level by 1998. 
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 In contrast to Denmark and Sweden, capital accumulation in Finland 
displays two regimes (see Figure 3e-f). While the growth rate of capital stock 
fluctuates around 2.9% until 1991, it hovers around 0.8% 1992 onwards.89 The 
slowdown in investment that persists after the 1992 structural break 
accompanies, strikingly well, the high unemployment era in Finland with rates 
between 9% and 18%. Thus, the kernel density analysis helps us to understand 
the extremely high negative correlation between the unemployment and capital 
stock growth rates documented in Figure 1f. 
 The permanent nature of the capital stock downturn in Finland is 
documented in the literature. Honkapohja and Koskela (1999) and Daveri and 
Silva (2004) distinguish a ‘socialist period’, lasting until 1990, characterised by 
strong regulation and inefficient usage of capital. Unlike any other OECD 
economy, this prompted a phenomenon of ‘capital-shedding’ like in most East 
and Central European Economies (recall that Finland, in contrast with Sweden 
and Denmark, had had strong links with the Soviet Union). This period was 
followed, after the early 1990s crisis, by an accelerated process of adoption of 
more efficient methods of production. Accelerated depreciation and 
substitution of obsolete capital characterise this process according to 
Böckerman and Maliranta (2007), using micro data, and Daveri and Silva (2004), 
using macro data. Moreover, Daveri and Silva (2004) explain how the well-
known Finnish rise in labour productivity since mid-1990s was achieved 
despite the slowdown in capital accumulation. In particular, their “results show 
a clear link between information technology and Finland’s outstanding 
productivity growth since 1995. But productivity growth accelerated in few 
industries. Indeed, productivity growth gains outside the Nokia industry and 
few IT-related service industries have been small, temporary or non-existent.” 
(p. 122). 
 To evaluate the unemployment contributions of the above identified 
downturns in capital accumulation we simulate the estimated labour market 
model with a capital stock series that we construct by using the permanent 
component of capital accumulation (dotted line in Figures 3b, 3d, 3f), instead of 
the actual series (solid line in Figures 3b, 3d, 3f). 
 

                                                 
89 We check the robustness of this result in two ways. First, we estimate a well-specified 

ARMA (2,1) that fits the data well: 
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 where 92d  is 1 1992-2005, 0 otherwise. Note that both the additive and multiplicative 
dummies are significant, confirming the two identified regimes. Second, we exclude 
the dummies from the above ARMA model and conduct the Chow breakpoint test 
and reject the null hypothesis of no structural breaks. 
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4.4.2 Denmark: the ‘Anglo-Saxon’ Nordic economy 
 
In Denmark, we measure the unemployment effects of capital accumulation as 
follows. First, we simulate the Danish labour market model over the period of 
the first slowdown in the growth rate of capital stock, 1978-1985, using a capital 
stock series constructed by the 1978-1985 segment of the dotted line in Figure 
3b. As shown Figure 4a, the persistent shock of the second half of the 1970s and 
first half of the 1980s accounts for a substantial part of the increase in Danish 
unemployment during this period. The unemployment rate would have been, 
on average, 2 percentage points lower: 5.0% instead of 7.0%. Therefore, almost 
30% of unemployment in the 1978-1985 period can be explained by the decline 
in capital formation. 
 Second, we run an analogous simulation for the labour market model over 
the 1989-1997 capital accumulation slowdown. Figure 4b shows that, had the 
growth rate of capital stock remained at its structural path (dotted line in Figure 
3b), unemployment would have been relatively stable (around 7%) in the early 
1990s, reaching a maximum in 1993 of 7.5% instead of its actual 10% peak. In 
addition, the average rate of unemployment during the 1989-1997 period would 
have been 6.6%, one percentage point lower than its actual value. 
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FIGURE 4 Unemployment effects of capital accumulation in Denmark 
 
According to Honkapohja and Koskela (1999), and Koskela and Uusitalo (2006), 
among others, the second upturn in unemployment was prompted by the 
international recession and the 1989 German unification which raised interest 
rates all around Europe. Hence, real interest rates were a major contributor to 
the onset of this crisis. This meshes well with our own analysis since it is 
plausible to argue that the rise in interest rates is manifested in the investment 
slowdown after 1989. 
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4.4.3 The ‘twin economies’ and the 1990s slump 
 
The message conveyed by the plots in Figure 1 is that the unemployment rate 
time paths of Sweden and Finland are rescaled versions of one another. Hence 
the reference to the two countries as the ‘twin economies’. Below we argue that 
the much higher unemployment rates experienced by Finland after 1992 are 
due to the permanent decline in the growth rate of its capital stock occurring in 
1992 (see Figures 3e-f). By contrast, in Sweden, the substantial slowdown in 
capital accumulation in 1991 has been reversed by 1997 (see Figures 3c-d). 
 In other words, the capital accumulation downturn in Sweden is 
transitory and we measure its effects on unemployment similarly to Denmark. 
We simulate the Swedish labour market model over the 1991-1997 period of the 
slowdown in investment, using a capital stock series constructed by the 1991-
1997 segment of the dotted line in Figure 3d. Therefore, the dotted line in Figure 
5a gives the time path that the unemployment rate would have followed had 
capital stock continued to grow at 3.2% from 1991 to 1997. Note that while 
actual unemployment sharply rises to a maximum of 8.6% in 1993 and then 
stabilises at values above 8%, the simulated series reaches its peak of 6.3% in 
1998. Furthermore, the average unemployment rate would have been of 3.6% 
instead of 7.2%, and so the capital accumulation downturn accounts for 50% of 
the unemployment problem over the 1991-1997 period. 
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FIGURE 5 Unemployment effects of capital accumulation in Sweden and Finland 

 
The kernel density analysis in Figures 3e-f shows that the 1992 structural break 
pushed the growth rate of capital stock in Finland from a high regime with 
mean 2.9% to a low regime with mean 0.8%. We evaluate the impact of the 
permanent decrease in capital accumulation after 1992 as follows. 
 We simulate the steady state of the Finnish labour market model under 
two scenarios 1992 onwards: (i) a capital stock growing at 2.9%, and (ii) a 
capital stock growing at 0.8%. The reason for simulating the steady-state of the 
model is that we want to measure the effect of the permanent shift in the 
growth rate of the capital stock net of the lagged adjustments present in the 
labour market. The difference between the two simulated time paths of the 
unemployment rate is around 5 percentage points and is our measure of the 
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unemployment contribution of the permanent decline in capital accumulation 
after 1992. We subtract this contribution from the actual unemployment rate 
and plot the resulting series in Figure 5b (dotted line). 
 Figure 5b shows that had capital growth remained at its high regime 
mean, unemployment would have peaked at 13.4% in 1994 instead of the actual 
18.2%. In turn, the actual subsequent fall to around 9% in 2005 would have 
ended up near 4.0%. This result has two important implications. First, the 
magnitudes of the Finnish unemployment trajectory would have been much 
closer to the Swedish ones. We have thus identified a crucial factor explaining 
the disparity in the intensity of the early 1990s crisis in the so-called twin 
economies. Second, in the absence of the permanent slowdown in investment 
after 1992, Finland would have recovered the full-employment levels that had 
historically characterised its labour market. Our analysis is consistent with the 
view of Honkapohja and Koskela (1999) that external shocks (the collapse of 
trade with the Soviet Union, the western recession and the rise in German 
interest rates) are not the main driving forces of the unemployment rate in 
Finland. 
 
 
4.5 Conclusions 
 
 
In this paper we showed that capital accumulation plays a significant role in 
explaining the diverse unemployment experiences of the Nordic countries. 
 Following the chain reaction theory (CRT) of unemployment, we 
estimated a dynamic labour market model with spillover effects that allows the 
interplay of the movements in capital stock and lagged adjustment processes to 
feed through to the unemployment rate. Using kernel density analysis, we 
identified the temporary and permanent slowdowns in capital accumulation 
and, focusing on the relatively high unemployment periods, we performed 
dynamic simulations and showed that the downturns in capital accumulation 
drive the intensity and longevity of the upturns in unemployment. 
 In particular, the unemployment swings in Denmark resemble those of the 
US, with peaks in the early 1980s and 1990s, hence the reference to it as the 
‘Anglo-Saxon’ Nordic economy. We found that the persistent capital stock 
shocks of 1978-1985 and 1989-1997 account for approximately 30% and 15% of 
the rise in unemployment during these periods, respectively. 
 Finland and Sweden are labelled the ‘twin economies’ due to the 
similarity in their unemployment trajectories: they came out of the oil price 
shocks with no serious damage and faced unprecedented unemployment 
increases in the early 1990s. Nevertheless, the gap in the unemployment rates of 
the two countries in the aftermath of the 1990s crisis was substantial, reaching 
almost 10 percentage points. In Sweden, we found that the 1991-1997 slowdown 
in capital accumulation contributes to 50% of the unemployment increase 
during this period. Finland, unlike Denmark and Sweden, is characterised by a 
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permanent drop in capital accumulation since 1992. Had capital accumulation 
remained at its high-regime mean, unemployment would have been 5 
percentage points lower and the unemployment gap in the twin economies 
would have been substantially reduced 1992 onwards. 
 Our results shift the emphasis in the determinants of unemployment from 
wage-push factors to capital accumulation. Instead of following the 
conventional policy recipe attempting to reduce unemployment by suppressing 
wage-push factors (such as unemployment benefits, firing restrictions, 
minimum wages, union power, taxes), our analysis offers a way of explaining 
the unemployment problem by recognising the interaction of growth and 
dynamics in the labour market. The significant unemployment contributions of 
capital accumulation imply that policies related to R&D activities, policies 
promoting innovations and productivity growth, or policies directly fostering 
investment and capital accumulation, can enhance the performance of the 
labour market. 
 Given the relevance of the interactions between growth and labour market 
dynamics, the issue of capital stock endogeneity in a labour market system 
should be addressed in future work. 
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5 ESSAY 4: THE NORDIC EXPERIENCE REVISITED: 

EXPLAINING LABOUR MARKET BOOMS AND 
SLUMPS SINCE THE 1980s90 

 
 
 
ABSTRACT. This paper provides an account of the unemployment 
performance of Denmark, Finland, and Sweden during their recent labour 
market booms and slumps. Our analysis yields three main findings. First, 
capital stock was the most important determinant of the unemployment 
trajectory in the three countries. This result appears in all periods considered: in 
the aftermath of the oil price shocks, in the slump of the early nineties and the 
boom of the late nineties, as well as in the stabilisation period of the early 2000s. 
Second, the role of the external sector on the unemployment trajectory was 
significant in Finland, its quantitative impact being one third of that of capital 
stock in the second and fourth periods, and half in the first and third periods. 
Third, temporary shocks to capital stock had a greater initial impact and were 
far more persistent in Finland. Nevertheless, the impact and persistence of the 
shocks were also significant in Denmark and Sweden. Our results illustrate the 
importance of non-standard labour market variables in examining 
unemployment trajectories. The findings call for a wider than usual perspective 
in trying to solve the unemployment problem. 
 
5.1 Introduction 
 
This paper analyses the unemployment trajectory in three Nordic countries - 
Denmark, Finland, and Sweden – since the 1980s. The analysis of the labour 
market of these countries is tempting, since these countries are usually grouped 
because of their well-developed welfare states, low levels of income inequality 
and successful performance as opposed to continental Europe. Nevertheless, 
the unemployment trajectories of the three countries display significant 

                                                 
90 Hector Sala has contributed on an earlier version of this paper. We are grateful to 

Jaakko Pehkonen for his valuable comments. 
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disparities. Finland and Sweden came out of the oil crises of the 1970s with 
hardly any damage, while Denmark witnessed large unemployment increases 
over the late 1970s and early 1980s. In contrast, the 1990s crisis hit Denmark less 
intensively than in Sweden and Finland. The unemployment trajectories of 
these two countries are of a special appeal since they were similar in the timing 
of the rise in unemployment from the trough in 1990 to the peak in 1994, but 
they differed in the size of the rise and in the unemployment evolution after the 
peak. In particular, Finnish unemployment steadily decreased after the peak in 
1994, while Swedish unemployment remained constant between 1994 and 1997. 
 The purpose of this study is straightforward: to provide an account of the 
driving forces shaping unemployment in Denmark, Finland and Sweden over 
the last decades. We do this by utilising the empirical models of Karanassou, 
Sala and Salvador (2008b) to conduct new simulation exercises and further 
explore the determinants of unemployment. The analysis differs from theirs in 
three respects. First, we examine the unemployment effects of the whole set of 
explanatory variables, not only of changes in capital stock, on the Danish, 
Finnish, and Swedish unemployment trajectories. Second, we evaluate the 
impact of these exogenous variables in four different periods since 1980, instead 
of just focusing on the episodes of high unemployment. Third, we examine the 
process of adjustment of the unemployment rate to a temporary shock to capital 
stock. 
 The rest of the paper is structured as follows. Section 5.2 addresses 
methodological issues and explains the theoretical framework that encompasses 
our empirical analysis. Section 5.3 presents empirical labour market models for 
Denmark, Finland, and Sweden. Section 5.4 explains how the simulation 
exercise is performed and provides the accounts of unemployment 
performance. The analysis suggests that capital stock had an important role in 
the unemployment trajectory of the three countries, especially during the 
Finnish unemployment upturn in the 1990s. Fiscal policy also played an 
important role in Denmark and Sweden in the mid-1980s and in Finland during 
the first part of the 1990s, but its role was modest in the rest of the periods 
analysed. The external sector significantly influenced the Finnish 
unemployment trajectory. Finally, variations in participation rates also had an 
impact on Danish, Finnish, and Swedish labour markets. Section 5.5 examines 
the process of adjustment of the unemployment rate to a temporary shock to 
capital stock. The analysis shows that it takes several years before the shock is 
completely absorbed by the labour market. In particular, Finland experienced 
the greatest initial impact of the shock and the shock was far more persistent. 
Nevertheless, the impact and persistence of the shock were also significant in 
Denmark and Sweden. Section 5.6 concludes. 
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5.2 The chain reaction theory 
 
 
The empirical analysis we undertake in the next sections follows the Chain 
Reaction Theory (CRT), or prolonged adjustment view, of unemployment.91 
 The terms “prolonged adjustment” refer to the existence of lags in labour 
market representations. These lags interact with one another and prolong the 
unemployment effects of a shock. In other words, current labour market activity 
depends on the past, and the process of adjustment may take a long time to 
work itself out. The dependence comes from the adjustment costs existing in the 
labour market: (i) employment adjustments arising from labour turnover costs 
(hiring, training and firing costs); (ii) wage and price staggering; (iii) insider 
membership effects; (iv) long-term unemployment effects; and (v) labour force 
adjustments, among others.92 
 The CRT provides structural representations of the labour market and 
estimates dynamic multi-equation systems with spillover effects. Spillover 
effects arise when shocks to a specific equation feed through the labour market 
system and “shocks” refer to changes in the exogenous variables. In this way, 
the CRT allows us to estimate individual labour demand, labour supply and 
wage setting curves to assess the role of different exogenous variables on the 
time path of unemployment. Exogenous variables also include growth drivers – 
e.g., capital stock, technical change, productivity or working-age population - 
because, according to the CRT, they help to explain the labour market 
performance (see Karanassou, Sala and Salvador, 2008b).93 
 In short, the CRT aims at identifying the economic factors responsible for 
the trajectory of unemployment. That is, it focuses on the contributions of each 
exogenous variable in shaping unemployment. 
 The CRT stresses the important role of the interplay between lagged 
adjustment processes and growth in driving the unemployment rate. On the 
one hand, the CRT identifies the various lagged adjustment processes to explore 
their interactions and quantifies the potential complementarities or 
substitutabilities among them. For example, if the prolonged adjustments, or 
lags, are complementary with one another in propagating temporary and 
permanent labour market shocks, the joint influence of all the existing lags is 
greater than the sum of their individual influences. In this case, it will take 
unemployment much longer to recover in the aftermath of a recession than the 
period spanned by any particular lag.94 On the other hand, the CRT does not 
restrict explanatory variables to be stationary. Instead, the only requirement is 
                                                 
91 See, among others, Karanassou and Snower (1996). 
92 These adjustment costs are well documented in the literature. See, for example, 

Nickell (1978), Sargent (1978), Taylor (1979), Lindbeck and Snower (1987), Layard 
and Bean (1989), and more recently Masso and Heshmati (2003), Heshmati and 
Bhandari (2005), and Piekkola (2006). 

93 The CRT allows us to assess the role of capital stock on the evolution of 
unemployment via its influence on labour demand and wage setting. 

94 For an analytical development of lags complementarities, see Karanassou and 
Snower (1998, p. 836-837). 
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that each trended endogenous variable (for example, employment, real wage, 
and labour force) is balanced with the set of its explanatory variables. This is 
possible because the CRT relies on multi-equation labour market models. This 
interplay between the lagged adjustment processes and the growing exogenous 
variables causes “frictional growth.” 
 As shown in Karanassou, Sala and Salvador (2008a, pp. 379-380), the 
presence of frictional growth in CRT models has the following implication: 
unemployment may substantially deviate from the natural rate of 
unemployment (NRU), even in the long-run. The CRT views unemployment in 
the long-run as two components: 
 
 long - run unemployment rate = NRU + frictional growth,  
 
The long-run value towards which the unemployment rate converges reduces 
to the NRU only when frictional growth is zero. This occurs when: (i) the 
exogenous variables have zero growth rates in the long-run, or (ii) the labour 
demand and supply equations have identical dynamic structures. Therefore, 
frictional growth implies that the NRU may not be an attractor of the moving 
unemployment. For example, Karanassou, Sala and Salvador (2008a) find that 
the NRU only explains one third of the unemployment variation in Denmark, 
while frictional growth accounts for the remaining two thirds. Henry, 
Karanassou and Snower (2000) find similar results. The NRU in the UK was 
reasonably stable over the 1964-1997 period and the major variations were 
because of frictional growth. 
 For a formal representation of the CRT refer to Karanassou, Sala and 
Salvador (2008a). 
 
 
5.3 Multi-equation models 
 
 
We now turn our attention to the estimated labour market models for Denmark, 
Finland and Sweden. In this section, we show the 3SLS estimates and the fitted 
values.95 We should note, however, that all equations pass a series of 
misspecification tests (autocorrelation, heteroskedasticity, conditional 
heteroskedasticity, linearity and normality) and structural stability tests (cusum 
and cusum²). Besides, the long-run relationship between the I(1) variables in 
each equation represents cointegrating vectors, which conforms with the 
Johansen procedure. Finally, the economic theory supports the signs of the 
variables. For an extended discussion on these issues, refer to Karanassou, Sala 
and Salvador (2008b). 

                                                 
95 To account for potential endogeneity and cross equation correlation, we estimated 

each labour market model with 3SLS. The OLS results do not differ substantially 
from the 3SLS ones. 
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5.3.1 Data 
 
Our dataset is annual and the OECD Economic Outlook is our main source. 
Table 1 defines the variables effectively used.96 
 
TABLE 1 Definitions of variables 
 
n  employment (log)     r  real long-term interest rate 
l  labour supply (log)    fd  exports-imports (% of GDP) 

w  real compensation per employee (log) dτ  direct tax rates (% of GDP) 
u  unemployment rate ( )nl −    iτ  indirect tax rates (% of GDP) 
k  real capital stock (log)    g  public expenditures (as % of GDP) 
nk  capital stock per employee ( )nk −   wτ  fiscal wedge97 
z  participation rate ( )population age-working

forcelabour   o  real oil prices (log)   

Source: OECD, Economic Outlook. 
 
5.3.2 The Danish model 
 
The Danish model runs from 1973 to 2005. According to our estimates, 
employment depends on capital stock, real wages, and public expenditures (see 
Table 2). Employment is much more sensitive to wage variations than to 
changes in capital stock. In particular, the long-run elasticity with respect to 
wages is close to unity and shows that a 1% rise in wages would reduce 
employment in a similar proportion. While the long-run elasticity with respect 
to capital stock is 0.6: a 1% rise in k would boost employment by 0.6%. Labour 
demand is also significantly strengthened by rises in public expenditures: a 1-
percentage point increase in the ratio of public expenditures to GDP would 
boost employment by 1.2%, in the long-run.98 Phelps (1994, chapter 17) 
popularised the use of public expenditures in single-equation unemployment 
rate models, and its strong influence on the Danish economy comes as no 
surprise. The public sector produces most services, accounts for almost one 
third of total employment, and public consumption represents around 40% of 
total public expenditure (see Madsen, 1999). 
 

                                                 
96 We tried a wider set of supply-side and demand-side variables for all countries. 

What we present is the successful outcome of our full-analysis. More information is 
given in Karanassou, Sala and Salvador (2008b). 

97 The fiscal wedge is the sum of direct, indirect and payroll taxes as a ratio of total 
compensation of employees. 

98 The coefficients on variables defined as logs and variables defined as ratios cannot be 
compared. The former are interpreted in terms of elasticities and the latter in terms of 
semi-elasticities. 
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TABLE 2 Denmark, 3SLS, 1973-2005 
 
Dependent variable: tn   Dependent variable: tw   Dependent variable: tl  
 Coefficient p-values Coefficient p-values  Coefficient p-values 
const  11.6 [0.000] const  5.34 [0.000] const  1.24 [0.000] 

1−tn  0.18 [0.000] 1−tw  0.32 [0.000] 1−tl  0.90 [0.000] 

1−Δ tn  0.61 [0.000] 1−Δ tw  0.44 [0.001] 1−Δ tl  0.76 [0.000] 

tw  -0.58 [0.000] tu  -0.60 [0.000] tuΔ  -0.04 [0.032] 

1−tw  -0.30 [0.052] n
tk  0.31 [0.000] 1−Δ tu  -0.04 [0.035] 

tk  0.48 [0.000] tr  0.38 [0.000] tw  0.02 [0.004] 

tkΔ  1.78 [0.001]   twΔ  -0.03 [0.035] 

1−Δ tk  1.14 [0.083]   tz  0.18 [0.000] 

tg  1.02 [0.001]   tzΔ  1.09 [0.000] 

tgΔ  -0.89 [0.012]   1−Δ tz  -1.04 [0.000] 

1−Δ tg  0.95 [0.003] 
 

..es   0.010   0.009   0.001 
Note: Δ is the difference operator; ..es  is the standard error of the regression. 
 
Our estimated wage setting equation shows that unemployment, capital 
deepening, and interest rates influence Danish wages. As expected, 
unemployment exerts downward pressure on the real wage. If the 
unemployment rate goes up by 1 percentage point, wages fall by 0.9% in the 
long-run. The effect of capital deepening on wages is captured by a long-run 
coefficient of 0.46.99 Hansen and Warne (2001), document how significant this 
proxy is in the Danish economy. Holden and Nymoen (2002) and Nymoen and 
Rφ dseth (2003) also find a significant impact of productivity on Danish wage 
formation. The impact of the interest rate on wages is positive (0.56 in the long-
run).100 Nevertheless, since wages enter negatively in the labour demand, the 
relation between the interest rate and unemployment has the expected negative 
sign. 
 Notice that neither tax variables nor social security benefits influence the 
wage equation. This may be because of the emphasis of the Danish system on 
active labour market policies (ALMPs) - Denmark is the country with the 
highest GDP percentage of ALMPs expenditures. When this is coupled with 
loose employment protection legislation (EPL), standard labour market 
institutions (i.e., taxes and benefits) become less relevant to wage setting. 

                                                 
99 Capital deepening is regarded as a good proxy for labour productivity. The 

advantage of using capital deepening instead of productivity in our model is that we 
avoid dealing with an additional endogenous variable in our estimation. 

100 We regard the positive association of the real wage with the interest rate as a result of 
the procyclicality of the two variables. In booming times, a tight labour market puts 
upward pressure on wages, and the monetary authorities raise interest rates to 
control for inflation. 
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 Besides, the employment and wage equations display low persistence (the 
autoregressive coefficients are 0.18 and 0.32, respectively) suggesting a quick 
speed of adjustment to economic disturbances. This reflects the high degree of 
flexibility that characterises the Danish labour market (EPL is among the less 
strict in the OECD countries). 
 In contrast to labour demand and wage setting, inertia in labour supply 
decisions is large (the coefficient of persistence is 0.90). Labour supply is driven 
by the unemployment rate, real wage and participation rate. In particular, it is 
the change rather than the level of unemployment that enters the labour force 
equation. This is commonly referred to as the discouraged workers’ effect, here 
with a long-run coefficient of -0.8.101 The wage incentive activates labour supply 
with a long-run elasticity of 0.2. Finally, we capture demographic influences on 
the labour supply movements through the participation rate instead of the 
working-age population.102 We explain this by recognising that the 
participation rate reflects both cultural - the society’s attitude towards the 
labour market - and institutional features that have led the Nordic countries to 
have the highest (female and youth) participation rates in the OECD. In 
particular, Denmark is the sole country where participation rates have stayed 
above 80% since the mid-1980s when the economy recovered from the oil price 
crises. This is because of the system of ALMPs characterising the Danish labour 
market that dates from 1979. Its main objective is to promote labour market 
participation, thus avoiding labour shortages and ensuring the sustainability of 
public finances (see Andersen, 2006, and Plougmann and Madsen, 2005). 
 
5.3.3 The Finnish model 
 
The sample period of the Finnish model starts in 1976 because of lack of data on 
capital stock. As shown in Table 3, employment depends on capital stock, real 
wages, real interest rates and foreign demand. The long-run impacts of capital 
stock and real wages are, respectively, 0.8 and -0.7. Kiander and Pehkonen 
(1999) find that wages affect the Finnish labour demand with elasticities 
between -0.3 and -0.8, depending on the sample period. Notice, that Finnish 
employment is more sensitive to changes in capital stock than Danish 
employment, but it is much less sensitive to variations in wages.103 Real interest 
rates exert a significant negative influence on the labour demand (in Denmark 
this influence is indirect, through wages), while foreign demand pushes it 
upwards. Both variables affect Finnish employment with a unit long-run 
elasticity. The role of interest rates in the Finnish unemployment trajectory has 

                                                 
101 The negative association between the unemployment rate and the labour supply 

could be explained by higher reservation wages and search costs when the 
unemployment rate rises (see, for example, Piekkola, 2006). However, according to 
Haurin and Sridhar (2003), evidence on this relationship is mixed and scarce. 

102 We expected working-age population to have a positive influence on the labour 
supply, but it was not significant in any of our models. 

103 The lower wage elasticity in Finland may be reflecting the fact that part of the wage 
increases is explained by the upgrade of skill level and this upgrading process has 
been much more intense in Finland (see Piekkola, 2006). 
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been extensively studied by Kiander and Pehkonen (1999), Honkapohja and 
Koskela (1999) and Fregert and Pehkonen (2009). The latter study considers 
interest rates as one of the main driving forces of Finnish unemployment. The 
presence of foreign demand in Finland’s employment equation captures the 
important export-led recovery of the Finnish economy during the last decades, 
a phenomenon that Kiander and Pehkonen (1999) find significant in explaining 
the unemployment trajectory.104 
 
TABLE 3 Finland, 3SLS, 1976-2005 
 
Dependent variable: tn   Dependent variable: tw   Dependent variable: tl  
 Coefficient p-values Coefficient p-values  Coefficient p-values 
const  2.95 [0.004] const  1.52 [0.037] const  3.76 [0.000] 

1−tn  0.64 [0.000] 1−tw  0.80 [0.000] 1−tl  0.70 [0.000] 

1−Δ tn  0.19 [0.046] tu  -0.59 [0.000] 1−Δ tl  1.33 [0.000] 

tw  0.71 [0.000] n
tk  0.22 [0.039] 2tl −Δ  0.03 [0.053] 

1−tw  -0.95 [0.000] w
tτ  0.27 [0.008] tuΔ  -0.08 [0.000] 

tk  0.28 [0.001] to  0.02 [0.003] 1−Δ tu  -0.01 [0.444] 

tkΔ  1.87 [0.001]   tw  0.05 [0.000] 

tr  -0.34 [0.009]    twΔ  -0.03 [0.027] 

tfd  0.34 [0.007]    tz  0.42 [0.000] 

      tzΔ  0.85 [0.000] 

      1−Δ tz  -1.86 [0.000] 
      

..es   0.011   0.012   0.001 
Note: Δ is the difference operator; ..es  is the standard error of the regression. 
 
Our wage setting equation shows that unemployment and capital deepening 
influence Finnish wages with the expected negative and positive signs, 
respectively. The long-run influence is much more intensive than in Denmark. 
In particular, the long-run elasticity of wages with respect to capital deepening 
is close to unity, while in Denmark is only 0.46. Kiander and Pehkonen (1999) 
find that capital deepening is the most important factor in Finnish wage setting 
with a long-run elasticity close to unity. This result is in accordance with 
Holden and Nymoen (2002) and Nymoen and Rφ dseth (2003). Wages in 
Finland are also sensitive to oil prices, which confirm this country as the most 
exposed to external shocks. This is consistent with Honkapohja and Koskela 
(1999) who stress that despite not being the main story, external shocks played a 
role in this economy. In addition, Kiander and Pehkonen (1999) find a 
significant impact of the terms of trade on Finnish unemployment. 

                                                 
104 Bergvall (2004) also shows the importance of demand shocks in Finland and Sweden, 

while terms of trade shocks are more important in Denmark. 
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 Like in Denmark, the absence of social security benefits and contributions 
may appear striking given the important role usually assigned to these 
institutional variables. Note, however, that wage setting in Finland is 
influenced by the fiscal wedge. This result is consistent with other findings in 
the literature. Pehkonen (1999) and Kiander and Pehkonen (1999) outline the 
harmful employment effects of the steady growth in the fiscal wedge via the 
increasing wage pressure brought by the higher income and payroll taxes used 
to finance the Finnish pension and unemployment insurance systems. 
According to Kiander (2004), institutional reforms (or the absence of them) have 
played only a minor role in the upturn of Finnish unemployment in the early 
1990s and in the Finnish employment revival in the late 1990s. Holden and 
Nymoen (2002) and Nymoen and Rφ dseth (2003) also show that Finnish wage 
setting behaviour is not much influenced by institutional or wage-pressure 
factors. Further, there is much more employment and wage sluggishness than 
in Denmark (inertia coefficients of 0.64 and 0.80, respectively). 
 Labour supply adjustment, reflected by a persistence coefficient of 0.70, is 
quicker than in Denmark. The structure of this equation is similar to the Danish 
one. There is a similar discouraged-worker’s effect, however, less intensive than 
in Denmark (-0.3 vs. -0.8). Piekkola (2006) finds that the unemployment rate 
affects Finnish labour supply with an elasticity of -0.7. Real wages influence 
labour supply with a long-run coefficient of 0.17. Finally, in this country it is 
also through the participation rate that we capture demographic influences on 
the labour supply movements. Participation rates exert a weaker positive 
influence on the labour supply with a long-run elasticity of 0.13. 
 
5.3.4 The Swedish model 
 
In Sweden the sample period runs from 1966 to 2005 (see Table 4). The labour 
demand was not easy to estimate. The multiplicative dummies, 1

1
d
tn −  and 2

1
d
tn − , 

take into account the significant decrease in employment persistence over 1991-
2005.105 
 Swedish labour demand displays a coefficient of persistence of 0.66. 
Employment persistence is similar in Sweden and Finland and higher than in 
Denmark, which implies that the speed of adjustment to economic disturbances 
is much slower in the former two countries. Like in Finland and Denmark, our 
results show that Sweden’s employment depends on capital stock and real 

                                                 
105 We believe that the decrease in persistence over that period is related to the boost in 

the ALMPs - with increases in the volume of training programmes and expansion of 
subsidised employment and youth practice programmes - and the extension of the 
maximum permitted duration for probationary contracts from 6 to 12 months. Note 
that 11 −− ×= t

di
t ndin , for 2,1=i , where the dummy 1d  takes the value 1 over the 

period 1991-1994, zero otherwise, and the dummy 2d  takes the value 1 over the 
period 1995-2005, zero otherwise. Is worth noting that we also considered these 
dummies in Finland - taking the value 1 over the periods 1992-1994 and 1995-2005, 
respectively - but they were not significant. 
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wages and on some country-specific variable: indirect taxes. The long-run 
elasticity of employment with respect to capital stock is 0.7: a 1% rise in k would 
boost employment by 0.7%. Notice that Swedish employment is as sensitive as 
Danish employment about the influence of capital stock. However, with a long-
run impact of -0.3, Swedish employment is the least sensitive, of the three 
countries, to wage variations. 
 
TABLE 4 Sweden, 3SLS, 1966-2005 
 
Dependent variable: tn   Dependent variable: tw   Dependent variable: tl  
 Coefficient p-values Coefficient p-values  Coefficient p-values 
const  2.88 [0.046] const  3.24 [0.000] const  4.55 [0.000] 

1−tn  0.66 [0.000] 1−tw  0.62 [0.000] 1−tl  0.64 [0.000] 
1
1
d
tn −  -0.001 [0.140] 1tw −Δ  0.21 [0.046] 2tl −Δ  -0.33 [0.000] 

2
1
d
tn −  -0.003 [0.005] tu  -0.67 [0.004] tu  -0.32 [0.000] 

tw  -0.78 [0.000] n
tk  0.31 [0.000] tw  0.08 [0.000] 

1−tw  0.67 [0.000] d
tτ  0.63 [0.004] tz  0.32 [0.000] 

tk  0.22 [0.002] 1
d
tτ −  -046 [0.056] 

tkΔ  2.56 [0.000] i
tτ  -0.78 [0.003] 

i
tτ  -1.08 [0.004] 

      
..es   0.016   0.016   0.005 

Note: Δ is the difference operator; ..es  is the standard error of the regression. 
 
Our estimated wage setting equation also depends on unemployment and 
capital deepening, both significant and with the expected negative and positive 
sign, respectively. The long-run influence of wages with respect to capital 
deepening is close to unity. Hjelm (2006) finds also a similar result. According 
to Holden and Nymoen (2002) and Nymoen and Rφ dseth (2003), labour 
productivity has played an important role on Sweden’s wage formation. 
Finally, fiscal policy is also important in Sweden’s wage determination, with 
both direct and indirect taxes exerting an important influence. Forslund (1995) 
and Fregert and Pehkonen (2009), among others, recognise the significant role 
of taxes in Swedish wages. Thus, we can argue that taxes in Sweden - as well as 
the fiscal wedge in Finland - capture the effect of wage push factors, such as 
social security benefits and contributions, in wage setting. Further, the wage 
setting adjustments, 0.62, are quicker than in Finland though much slower than 
in Denmark. 
 Inertia in labour supply decisions is the same as in labour demand and 
wage setting decisions. Our labour supply is driven by the unemployment rate, 
real wage and participation rate. In contrast to Denmark and Finland where 
exists a significant discouraged-workers’ effect, in Sweden is the level of 
unemployment what exerts the expected negative influence with a unit long-
run elasticity. Labour supply in Sweden is as sensitive as its neighbouring 
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countries’ labour supply, on real wages. The long-run elasticity is 0.2. Finally, 
Swedish labour supply is much more sensitive to variations in participation 
rates than Finland’s labour supply, but less sensitive than Danish labour supply 
in the long-run. 
 
5.3.5 Fitted values 
 
We use the estimated equations to show how our labour market models 
reproduce the unemployment trajectory (see Figure 1). 
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FIGURE 1 Unemployment rate: actual and fitted values 

 
Our estimated models track unemployment well in Denmark and Finland. In 
Sweden there are some overestimation (at the end of the 1960s) and 
underestimation (in the 1970s) problems. However, the model tracks Swedish 
unemployment well since 1980 and onwards. We believe these problems are 
because of shocks (devaluations) affecting the foreign sector that spread by the 
late 1970s. It is important to remark that our models track the 1980s and early 
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1990s downturn in Denmark and the 1990s slump in Finland and Sweden 
accurately. 
 
 
5.4 The Nordic experience revisited 
 
 
We use the estimated systems to perform a dynamic accounting exercise and 
examine how much of the unemployment variation in Denmark, Finland, and 
Sweden is attributable to the explanatory variables. The empirical results of 
Tables 2, 3, and 4 imply that in the case of Denmark we can evaluate the impact 
of capital stock, the real interest rate, public expenditures, and the participation 
rate. In Finland, we can evaluate the impact of capital stock, the real interest 
rate, the fiscal wedge, the participation rate, foreign demand and oil prices. For 
Sweden, the influence of capital stock, indirect and direct tax rates, and the 
participation rate in shaping the unemployment trajectory will be evaluated 
(see Appendix A). 
 Four periods that coincide with turning points in unemployment are 
considered: (i) the aftermath of the oil price shocks, (ii) the early nineties slump, 
(iii) the roaring nineties, and (iv) the end of the wild ride. 
 To provide a quantitative account of how each variable affects the 
unemployment rate we proceed as follows. First, we set all the explanatory 
variables simultaneously at a certain date to create a new (virtual) path of 
unemployment over a specific period. We then contrast the actual and 
simulated unemployment series, the difference between them being the 
dynamic contribution of all the exogenous variables. Next, we assess the impact 
of the exogenous variables individually by fixing one exogenous variable at a 
time and create a virtual path of unemployment for that particular variable.  
 This exercise provides insights of how the unemployment trajectory 
would have changed had a particular variable followed a different path and 
how much of the unemployment variation is attributable to each sector of the 
economy. 
 
5.4.1 The aftermath of the oil price shocks 
 
As explained above, we anchor the simulation periods to each country’s 
unemployment turning points. Thus, the first turning point after the two oil 
shocks in Finland is 1980, when Finnish unemployment started a rising pattern 
that lasted until 1986. In the late 1980s, the Finnish economy recovered from the 
recession and unemployment rates declined to pre-crisis levels. This 
unemployment behaviour marks the second simulated period, which runs from 
1986 to 1990. These two periods frame what we have called the aftermath of the 
oil price shocks. 
 Looking at the other two countries, their unemployment trajectories after 
the oil crises, and before the early 1990s slump, may be also split up in two 
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periods. The first one coincides with a rising trajectory of unemployment that 
runs from 1979 to 1983 in Denmark and from 1980 to 1983 in Sweden. The 
second one, running respectively from 1983 to 1987 and from 1983 to 1989, 
coincides with a declining pattern of unemployment. 
 We now turn our attention to the dynamic accounting exercises. Denmark, 
Finland and Sweden enjoyed a favourable macroeconomic environment during 
the 1960s and mid-1970s. Unemployment did not exceed 2%. However, this 
situation ended with the two oil crises of the 1970s. Between the mid-1970s and 
early 1980s, unemployment rates went up, mostly in Denmark. As shown in 
Table 5 (first row) and Figure 2, Danish unemployment rate increased by 3.9 
percentage points between 1979 and 1983. Had the macroeconomic conditions 
remained at their 1979 situation, unemployment would have placed 1.5 
percentage points below in 1983 (third column of Table 5). In Sweden, 
unemployment rose 1.6 percentage points between 1980 and 1983; however, 
Swedish unemployment would have been 2.1 percentage points lower in 1983 
had the macroeconomic conditions remained at their 1980 situation. In Finland, 
there was a mild increase of unemployment between 1980 and 1986 (0.7 
percentage points). Nevertheless, there might have been a 4 percentage points 
drop in unemployment in 1986 if the macroeconomic conditions would have 
remained unchanged at the 1980 situation. 
 
TABLE 5 Simulated unemployment changes attributable to each variable during 

the aftermath of the oil price shocks 
 

  uΔ  simuΔ  kuΔ  ruΔ  $ufd�o  fpuΔ  $uz  
Denmark, 1979-1983 3.9 -1.5 -2.2 1.0 - 0.7 -0.9 
Finland, 1980-1986 0.7 -4.0 -0.3 -2.4 -1.4 0.5 -0.4 
Sweden, 1980-1983 1.6 -2.1 -1.2 - - -0.8 -0.1 
 
Denmark, 1983-1987 -3.7 2.2 4.7 0.6 - -2.4 -0.8 
Finland, 1986-1990 -2.3 0.1 5.1 -1.4 -2.4 0.1 -1.1 
Sweden, 1983-1989 -2.1 2.6 5.0 - - -1.9 -0.4 
 

Note: uΔ =  actual unemployment change; simu =Δ  simulated unemployment change with 
all the exogenous variables fixed; fp =  fiscal policy refers to public expenditures in 
Denmark, the fiscal wedge in Finland, and to direct and indirect taxes in Sweden. 
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FIGURE 2 Simulated unemployment trajectories during the aftermath of the oil price 
  shocks 
 
What has caused this evolution of unemployment according to our results? In 
Denmark and Sweden, the role exerted by capital stock (with decelerating 
growth) was crucial. Had this variable remained at their original values, 
unemployment would have been lower: 6.6% and 2.4% respectively in 
Denmark and Sweden in 1983.106 In Finland, interest rates (increasing several 

                                                 
106 These values appear from subtracting the -2.2 and -1.2 percentage points in the 

fourth column of Table 5 to the actual unemployment rates: 8.8% and 3.6% in 
Denmark and Sweden, respectively. For Denmark and Sweden, the actual rate 
corresponds to 1983. 
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percentage points) had a more important role. Had they remained unchanged, 
Finnish unemployment would have been 3.2% in 1986. In other words, the 
rising trajectory of unemployment during these years was mainly driven by the 
behaviour of capital accumulation and real interest rates. 
 Fiscal policy in Finland played a minor role compared to the role exerted 
by monetary policy (proxied by interest rates). Reforms in payroll, indirect and 
direct taxes hardly had an impact. In Denmark, increases in public expenditures 
helped to reduce Danish unemployment by almost 1 percentage point. Direct 
taxes remained unchanged in Sweden in the early 1980s, but indirect taxes 
increased by 2 percentage points, leading to almost 1 percentage point rise in 
unemployment. 
 Finally, variations in participation rates did not affect the Nordic labour 
markets notably along this period, although Danish unemployment rate would 
have been 1 percentage point lower in 1983, had the original values remained 
unchanged. 
 Our findings are in line with those of, for example, Kiander and Pehkonen 
(1999) and Honkapohja and Koskela (1999) who see in the raise of real interest 
rates the main driving force of Finnish and Swedish unemployment. Fiscal 
policy also had a role according to Blomqvist (1987) and Pehkonen (1989) - in 
particular, the rise in payroll, income, and consumption taxes. To explain the 
unemployment hikes of the 1970s and early 1980s in Denmark, Green-Pedersen 
(2001) and Green-Pedersen and Lindbom (2005) point to interest rates as one of 
the main driving forces under the deteriorated international wage 
competitiveness and the decrease in the terms of trade that pushed 
unemployment upwards. 
 After the economic downturn of the early 1980s, these economies started 
to recover in the second half of the decade. Danish unemployment dropped by 
3.7 percentage points between 1983 and 1987. If the macroeconomic conditions 
had remained unchanged at the 1983 situation, unemployment would have 
been 2.2 percentage points higher in 1987. Swedish unemployment would have 
placed 2.6 percentage points above in 1989 instead of the decline of 2.1 
percentage points. Finland’s unemployment rate would have remained 
unchanged, instead of decreasing 2.3 percentage points, between 1986 and 1990 
if the 1986 macroeconomic condition would have prevailed. 
 Like the rising trajectory of unemployment in the early 1980s, we explain 
the unemployment decline attained by these countries in the latter part of this 
decade as mainly an outcome of capital accumulation. Had this variable 
remained at its original values, unemployment would have doubled in 
Denmark (10%) and more than doubled in Finland and Sweden (8.3% and 6.5%, 
respectively). Monetary policy also had an impact on Finnish unemployment. 
 Fiscal policy was much more influential, at least in Denmark and Sweden, 
and was the counterpart of the positive influence exerted by capital 
accumulation. The decrease in government expenditures in Denmark implied a 
rise in its unemployment rate of 2.4 percentage points while tax reforms in 
Sweden harmed its labour market by pushing unemployment up 1.9 percentage 
points. 
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 Participation rates increased several points in Denmark and Sweden. Had 
this variable remained unchanged, unemployment in Denmark would have 
placed 1 percentage point below in 1987; however, their rises were innocuous to 
the Swedish labour market. It is worth mentioning the relevant influence of the 
external sector (foreign demand and oil prices) in Finland. Had international 
trade remained unchanged, unemployment would have been 2.4 percentage 
points lower in 1990. 
 Christensen and Topp (1997) and Andersen and Svarer (2007) recognise 
the important role exerted by monetary policy in Denmark. The former study 
also points to the significant tightening of fiscal policy in the early 1980s that 
helped interest rates to fall rapidly, leading to a sharp pick-up in domestic 
demand, declining unemployment and improving government finances.107 
 The mid-1980s economic upturn of the Finnish and Swedish economies 
has received much attention in the literature. Thus, we can mention the work of 
Jonung, Schuknecht, and Tujula (2006) according to which the boom in these 
economies between 1985 and 1989 was strongly driven by a financial 
liberalisation and the design of pro-cyclical monetary policies.108 However, the 
boom overvalued their currencies leading to a weakened export performance 
and worsening their current accounts. Alexius and Holmlund (2008) point to an 
international upswing and expansionary domestic policies leading to an 
employment expansion in Sweden that lasted throughout the decade. 
 
5.4.2 The early nineties slump 
 
The boom experienced by Denmark in the mid-1980s, and by Finland and 
Sweden in the second part of the decade, ended in the early 1990s. 
Unemployment went up 15 percentage points in Finland between 1990 and 
1994. In Sweden and Denmark unemployment rose, respectively, 7.1 and 4.9 
percentage points between the late 1980s and 1993. As shown in Table 6, had 
the good macroeconomic conditions remained at the late 1980s situation, 
unemployment would have been 7.3 percentage points lower in Finland, 8.2 in 
Sweden, and 4.6 in Denmark (see also Figure 3). 
 
 
 
 

                                                 
107 In words of Christensen and Topp (1997, p.8), “the Danish experience has been seen 

as a documentation of the possibility that a fiscal tightening can prove to be 
expansionary even in the short run.” 

108 See also Kiander (2004) and Holmlund (2006). 
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TABLE 6 Simulated unemployment changes attributable to each variable during 
 the early nineties slump 
 

  uΔ  simuΔ  kuΔ  ruΔ  $ufd�o  fpuΔ  $uz  
Denmark, 1987-1993 4.9 -4.6 -3.0 -0.7 - -1.0 0.1 
Finland, 1990-1994 15.0 -7.3 -19.9 0.5 5.3 3.3 3.5 
Sweden, 1989-1993 7.1 -8.2 -8.4 - - -0.6 0.8 
 

Note: uΔ =  actual unemployment change; simu =Δ  simulated unemployment change with 
all the exogenous variables fixed; fp =  fiscal policy refers to public expenditures in 
Denmark, the fiscal wedge in Finland, and to direct and indirect taxes in Sweden. 
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FIGURE 3 Simulated unemployment trajectories during the early nineties slump 

 
Our results show, once again, that capital stock played a central role on the 
Nordic labour markets. The impact was more acute in Finland. The 2 
percentage points decrease in capital accumulation likely accounted for the 
different unemployment experience of this economy in the early 1990s 
downturn.109 Finnish external sector was the counterpart to the negative 
                                                 
109 The different trajectory of the Finnish capital stock could be attributed, among other 

things, to a more severe financial crisis in Finland; a strong regulation and inefficient 
usage of capital; a more rapid internationalisation of Finnish firms since the mid-
1990s; foreign investment concentrating in less capital-intensive sectors; and a lower 
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influence exerted by capital accumulation. When the government allowed the 
currency to float in 1992 it depreciated immediately, strengthening 
competitiveness and triggering exports. Monetary policy had a modest impact 
on unemployment in Finland and Denmark. 
 Cuts in Danish public expenditures and a more tighten fiscal policy in 
Sweden played a role in their labour markets though minor. However, had the 
fiscal wedge remained at its original level in Finland, unemployment would 
have been 3.3 percentage points higher in 1994. Variations in participation rates 
also had a significant impact on the Finnish labour market, whereas they had 
only a minor and non-existent role in Sweden and Denmark, respectively. 
 Our results coincide with those of Kiander (2004) and Honkapohja et al. 
(2009) who remark that macroeconomic factors such as changes in monetary 
policy and exchange rates, and pro-cyclical fiscal policy led to the Finnish 
unemployment upturn. Honkapohja and Koskela (1999) also document that 
interest rate rises jointly with the collapse of asset prices and high indebtedness 
of firms and households led Finnish unemployment to soar. Turner et al. (2001) 
point to the various shocks experienced by Finland in the early 1990s (the burst 
of an asset price bubble, a sharp terms-of-trade fall, and the collapse of trade 
with the ex-Soviet Union) as responsible for the unemployment upturn (see also 
Conesa, Kehoe and Ruhl, 2007).110 
 Koskela and Uusitalo (2006) and Holmlund (2006) address the central role 
of interest rates in the Finnish and Swedish crises.111 According to Fregert and 
Pehkonen (2009) own estimates and evidence coming from their surveyed 
works, the main driving forces of Finnish and Swedish unemployment were the 
rise in interest rates, productivity shocks and tax changes. However, they had a 
smaller impact in Sweden. Alexius and Holmlund (2008) show that Swedish 
unemployment rose because of two main policy failures - a too lax fiscal policy 
to combat rising inflation between 1985 and 1989, and a less than optimal time 
for financial deregulation and tax reform. Berg and Gröttheim (1997) find in the 
international recession of the early 1990s, the reformed tax system, and 
abolished investment allowances the main driving forces of the Swedish 
unemployment increase. Although Denmark experienced similar 
macroeconomic developments, it did not suffer a similar banking crisis, which 
Edey and Hviding (1995) attribute to a more prudential supervision of Danish 
banks and tighter capital standards. 
 

                                                                                                                                               
share of ICT industries in the market - with ICT investments in Finland concentrating 
on communication equipment, while in Denmark and Sweden ICT investments 
growing quite rapidly in all sectors. See, among others, Honkapohja and Koskela 
(1999); Jalava (2002); Daveri and Silva (2004); Dahlman, Routti and Ylä-Anttila (2006); 
Sauramo (2008); and Honkaphoja et al. (2009). 

110 Piekkola and Haaparanta (2006) argue that tight monetary policy and high interest 
rates imposed financial constraints on firms and this contributed to explain between 
one third and half of the unemployment during the early 1990s (see also Honkapohja 
et al., 2009). 

111 See, among others, Kiander and Pehkonen (1999). 
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5.4.3 The roaring nineties 
 
After the deep recession of the early 1990s, all Nordic countries experienced a 
strong recovery. The growth rates of output, productivity, and employment 
were faster in Finland. This prompted a steady decline in unemployment: from 
its pick in the early 1990s, it experienced a fast lessening up to 2001. Finnish 
unemployment fell by 8.6 percentage points, from 18.2% in 1994 to 9.6% in 2001. 
Swedish unemployment went down by 4.5 percentage points, from 8.6% in 
1993 to 4.1% in 2001. Danish unemployment fell almost 6 percentage points, 
from 10.0% in 1993 to 4.3% in 2001. The quasi-halving of these rates is the 
central expression of the roaring nineties in the Nordic countries. 
 Unemployment in Denmark would have been 2.9 percentage points 
higher in 2001 had the macroeconomic conditions remained at their 1993 
situation (see Table 7 and Figure 4). Under the same assumptions, the analysis 
for Finland reveals a simulated unemployment rate 11.2 percentage points 
higher than the value achieved in 2001 (around 21% instead of near 10%). In 
Sweden, the unemployment path would have been upwards and gained 10.2 
more percentage points than the actual 4% had the economic context remained 
as it was in 1993. 
 
TABLE 7 Simulated unemployment changes attributable to each variable during 
 the roaring nineties 
 

  uΔ  simuΔ  kuΔ  ruΔ  $ufd�o  fpuΔ  $uz  
Denmark, 1993-2001 -5.7 2.9 2.6 1.6 - -1.3 -0.1 
Finland, 1994-2001 -8.6 11.2 6.8 2.4 3.8 1.2 -3.0 
Sweden, 1993-2001 -4.5 10.2 9.4 - - 0.6 0.3 
 

Note: uΔ =  actual unemployment change; simu =Δ  simulated unemployment change with 
all the exogenous variables fixed; fp =  fiscal policy refers to public expenditures in 
Denmark, the fiscal wedge in Finland, and to direct and indirect taxes in Sweden. 
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FIGURE 4 Simulated unemployment trajectories during the roaring nineties 

 
According to our analysis, the main feature of these years in all countries was 
the positive influence exerted by capital stock (with growth speeding up) and 
interest rates (falling several percentage points). Had these variables remained 
at their original values, Danish unemployment in 2001 would have placed at 
6.9% and 5.9%, respectively. In Finland, these rates would have been 16.4% and 
12.0%, respectively. Had capital stock remained unchanged in Sweden, its 
unemployment rate would have increased to 13.4% in 2001. The sharp fall of 
Finnish unemployment was also an outcome of the continued improvement of 
the international trade that started in 1990 and prevented Finnish 
unemployment from going up 3.8 percentage points in 2001. 
 Public intervention did also influence the labour market performance, but 
mildly in response to, sometimes, large changes. The drop in government 
expenditures in Denmark harmed its labour market by increasing its 
unemployment rate 1.3 percentage points. Finnish government cut the fiscal 
wedge by several percentage points. Nevertheless, had it remained unchanged, 
unemployment would have been 1.2 percentage points higher in 2001. Changes 
in direct and indirect taxes in Sweden hardly had a positive impact on 
unemployment. 
 Our results are in line with other empirical evidence. For example, Fregert 
and Pehkonen (2009) evaluate the influence of institutional changes affecting 
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the replacement rate, ALMPs, EPL and wage bargaining, but also the tax 
wedge. They do not find large effects on the Finnish and Swedish 
unemployment trajectories during these years but, on the contrary, claim that 
interest rates and the closing output gap contributed to reduce Finnish 
unemployment. This closing is likely to be related to the acceleration in capital 
that took place those years. 
 Kiander (2004), points out that the revival in Finnish employment towards 
the end of the 1990s took place without any deep labour market reforms. In 
turn, the breakthrough of information and communication technologies (ICT) 
improving competitiveness and increasing exports rapidly, and macroeconomic 
factors (changes in monetary policy and pro-cyclical fiscal policy) accounted for 
most of the Finnish unemployment decrease.112 Honkaphoja et al. (2009) 
attribute the successful recovery to better economic policies, success in the 
information technology revolution, and successful internationalisation of the 
Finnish society. However, had this recovery been more labour-intensive 
instead, Finnish unemployment would have decreased more and faster (see 
Kiander, 2004). 
 According to Holmlund (2006), restrictive monetary and fiscal policies in 
Sweden in the mid-1990s contributed to the weak employment performance, 
leading unemployment to remain high until 1997. However, they allowed for 
the fiscal consolidation and credible low inflation achieved in the late 1990s. 
When the government met these goals, tax and expenditure policies became 
more expansionary and monetary policy supported the expansion with which 
unemployment rates declined. Berg and Gröttheim (1997) also show that high 
unemployment in Sweden up to 1997 was mainly the outcome of tight 
monetary policy between 1994 and 1995. However, the ease of monetary policy 
during 1996 helped to reduce unemployment. 
 Finally, changes in participation rates in response to economic activity 
were slow. In Sweden and Denmark participation rates started to increase again 
only at the end of the 1990s, but their rises were innocuous to the labour 
market. On the contrary, in Finland they started to move up as soon as in 1994 
and had a significant impact. Without their rise of 3 percentage points, 
unemployment would have been 3.0 percentage points lower in 2001. This was, 
therefore, a relevant counterpart of the positive influence exerted by the rapid 
capital stock growth, lower interest rates, and strengthened international trade. 
 
5.4.4 The end of the wild ride 
 
The strong expansionary period experienced by the Nordic economies in the 
second half of the 1990s ended in 2001. Since then, economic and capital stock 
growth decelerated and unemployment stopped its falling path: it increased in 
Denmark and Sweden and gradually stabilised in Finland. In 2005, these rates 
were close to, respectively, 5%, 6% and 9%. 

                                                 
112 See also Koski and Ylä-Anttila (2006). 
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 According to our analysis, the end of the wild ride would have occurred 
anyway in Denmark, but not in Finland and Sweden. In the first case, 
unemployment would have gone from 4.3% to 3.5%; that is 1.5 percentage 
points below the actual 5%. On the contrary, the other two countries still had 
room for further improvement. Had the conditions of 2001 remained, Finnish 
unemployment would have gone further down by 4.8 percentage points 
(instead of the 0.6 points decrease) gaining a rate of 4.2% in 2005, a similar value 
than before the early 1990s slump. In Sweden, the decline would have achieved 
3.2 percentage points, instead of the 1.7 percentage points increase. This would 
have driven unemployment rate to its full employment level of the early 1990s 
slump (see Table 8 and Figure 5). 
 
TABLE 8 Simulated unemployment changes attributable to each variable during 
 the end of the wild ride 
 

  uΔ  simuΔ  kuΔ  ruΔ  $ufd�o  fpuΔ  $uz  
Denmark, 2001-2005 0.7 -1.5 -2.0 0.5 - 0.1 -0.1 
Finland, 2001-2005 -0.6 -4.8 -5.4 -0.3 1.4 -0.3 -0.3 
Sweden, 2001-2005 1.7 -3.2 -2.9 - - -0.5 0.1 
 

Note: uΔ =  actual unemployment change; simu =Δ  simulated unemployment change with 
all the exogenous variables fixed; fp =  fiscal policy refers to public expenditures in 
Denmark, the fiscal wedge in Finland, and to direct and indirect taxes in Sweden. 
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FIGURE 5 Simulated unemployment trajectories during the end of the wild ride 

 
Our results indicate that the effects of capital accumulation have driven most of 
these changes. Had capital stock remained unchanged at its 2001 situation, 
Finnish unemployment would have placed at 3.6% in 2005, 5.4 percentage 
points below the actual figure of 9%. In Sweden and Denmark, the fall would 
have been 2.9 and 2.0 percentage points, respectively. 
 Fiscal policy and variations in participation rates did not affect much the 
Nordic labour markets in this period. Public expenditures in Denmark, the 
fiscal wedge in Finland, and direct and indirect taxes in Sweden did not change 
notably. Had these variables remained at their original values, unemployment 
would have changed less than half percentage point in all three countries. 
 Monetary policy in Finland and Denmark hardly had an impact in the 
early 2000s. Finally, the external sector influenced Finnish unemployment 
positively. Had foreign demand and oil prices remained unchanged, Finnish 
unemployment would have increased 1.4 percentage points in 2005. 
 Many works attribute the early 2000s’ slump to the slowdown in the 
world economy that took place in 2001. Zhou (2007) and Andersen and Svarer 
(2007) point out that not only the international crisis, but also a more tightened 
fiscal policy to avoid overheating in the late 1990s worsened the Danish labour 
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market. The latter study also points to labour force shortages.113 According to 
Kiander (2004) and Honkaphoja et al. (2009), growth in Finland and Sweden 
slowed down after the burst of the ICT bubble in 2001, leading employment to 
remain almost constant. However, Finnish unemployment did not increase 
because exports and imports growth revived after the sluggish development 
between 2001 and 2003 (see Kiander, Romppanen and Kröger, 2006). Giavazzi 
and Mishkin (2006) also point to tighten monetary policy in Sweden –- interest 
rates rose twice in the spring of 2002 – as responsible for part of the 
unemployment increase. 
 
 
5.5 Unemployment effects of temporary shocks to capital stock 
 
 
According to Section 5.4 results, capital stock has played the most important 
role on the unemployment trajectories of Denmark, Finland, and Sweden since 
the 1980s. In addition, Karanassou, Sala and Salvador (2008b) show that the 
evolution of capital stock has accounted for the disparities in the 
unemployment trajectories of the three countries. In particular, temporary 
slowdowns in capital accumulation in Denmark and Sweden and permanent 
slowdowns in capital accumulation in Finland have driven the intensity and 
longevity of the upturns in unemployment. 
 In what follows, we further evaluate the role of capital stock on the 
unemployment trajectory of the Nordic countries by examining the responses 
through time of the unemployment rate to a unit one-period shock to capital 
stock. That is, we examine the process of adjustment of the unemployment rate 
to that temporary shock.114 
 Recall the presumption underlying CRT models: current labour market 
activity depends on the past, and the process of adjustment may take a long 
time to work itself out. That is, movements of unemployment are viewed as the 
outcome of the interplay between the dynamic properties of the shocks and the 
lagged adjustment processes. These shocks, temporaries or permanents, affect a 
specific equation and then feed through the labour market system. The 
existence of lags, interacting with one another, prolongs the unemployment 
effects of the shock. In other words, these shocks are not absorbed instantly and 
their effects are felt through time.115 

                                                 
113 See also Danmarks Nationalbank’s Monetary Report (2002). 
114 Given that the purpose of this exercise is to show how this process may take a long 

time, we only illustrate it by considering the impact of a temporary shock to capital 
stock. Nevertheless, this exercise could also be performed by supposing a temporary 
or permanent shock to any of the exogenous variables contained in the three 
estimated systems. The analysis of permanent shocks on the unemployment 
trajectory is beyond the scope of this paper. 

115 For an illustration of the unemployment dynamics, see Karanassou, Sala and Snower 
(2007, p. 169-178). 



 

 

138 

 The concept that captures the after-effects of temporary labour market 
shocks is “unemployment persistence.”116 The impulse response function (IRF) 
of unemployment describes the responses of unemployment through time to a 
specific temporary shock (impulse). To define unemployment persistence 
suppose a one-off temporary shock in an exogenous variable occurring at 
period t . Unemployment persistence, σ , is the sum of its responses for all 

periods t j+  in the aftermath of the shock 1j ≥  : 
1

t j
j
Rσ

∞

+
=

≡∑ , where the series 

t jR + , 0j ≥  is the IRF of unemployment.117 If the unemployment model (i) is 
static, then the shock is absorbed instantly and so 0σ = , (ii) is dynamically 
stable, like CRT models, then the effects of the shock gradually die out and 
persistence is a finite quantity, and (iii) displays hysteresis, then the temporary 
shock has a permanent effect and thus σ = ∞ . 
 Given that the temporary shock represents the change in a specific 
exogenous variable, then: (i) the immediate response, tR , is the short-run 
elasticity of the unemployment rate with respect to that explanatory variable, 
and (ii) the sum of the immediate response, tR , and persistence, σ , gives the 
long-run elasticity of the unemployment rate with respect to that explanatory 
variable. Thus, the long-run elasticity of the variable is: 
 

{ {
0

σ .t t j
j

R R
∞

+
=

+ = ∑
14243persistenceshort-run elasticity

long-run elasticity

 

 
Next, we use the estimated labour market models of Section 5.3 to show how 
temporary shocks to capital stock may have prolonged after-effects. Suppose 
that the shock occurs at period 0t = , and lasts just a year. Figure 6 shows the 
responses through time of the unemployment rate to the temporary shock to 
capital stock in Denmark, Finland, and Sweden. The generated IRFs have been 
normalised so the immediate impact of the shock is unity. 
 

                                                 
116 When the shock is permanent, the concept of relevance is “imperfect unemployment 

responsiveness.” The two measures, unemployment persistence and imperfect 
unemployment responsiveness, provide insights into the way unemployment moves 
through time (see Karanassou and Snower, 1996, 1998). 

117 See Karanassou and Snower (1996, 1998), Pivetta and Reis (2004), and Bande and 
Karanassou (2009). 
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FIGURE 6 Impulse response function of unemployment to a temporary sock to capital 

stock 
 
As shown in Figure 6, the unemployment effects of a temporary shock to capital 
stock start decreasing once the shock has been initiated. When unemployment 
falls below the level before the shock it then oscillates around this level in 
Denmark and Finland, and moves towards this level without oscillating in 
Sweden.118 Our results also show that it takes several years before the one-
period shocks are completely absorbed by the labour market. In particular, 20% 
of the initial impact of the shock is still felt by the market after 8 years in 
Denmark and Finland. 
 Henry, Karanassou, and Snower (2000) find similar results for the UK. 
According to this study, 10% of the initial unemployment effect to temporary 
shocks in the labour demand, wage setting, and labour force equations is still 
felt after 4, 12 and 10 years, respectively. Karanassou, Sala and Snower (2004) 
examine unemployment persistence in response to different temporary shocks 
for a panel of EU countries. In particular, they evaluate the impact of temporary 
shocks to competitiveness, social security benefits, and real interest rates. In all 
three cases, it takes several years – roughly 20 - before the one-period shocks are 
completely absorbed by the labour market. Bande and Karanassou (2009) 
                                                 
118 Given that the unemployment models are dynamically stable, the effects of the shock 

gradually die out and persistence is a finite quantity. 
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analyse the responses through time of the unemployment rate to a unit one-
period labour demand, wage setting and labour supply shocks in two Spanish 
regions. They show that 20% of the initial impact of the shock is still felt by the 
market after 2, 5 and 3 years, respectively. 
 Let us now examine unemployment persistence from a quantitative 
perspective. Recall that the temporary shock represents the change in a specific 
exogenous variable - capital stock in our case. Unemployment persistence, σ , is 
the sum of all the after-effects of the shock. The total effect, τ , of the shock on 
unemployment is the sum of: (i) the initial unemployment response, 0R , or 
short-run elasticity of unemployment with respect to capital stock, and (ii) the 

persistence measure:  0
0

t
t
R Rτ σ

∞

=

≡ = +∑ . 

Note that the initial response captures both the direct and indirect effects of the 
shock on unemployment. The direct effect is the size of the shock, whereas the 
indirect effects are due to spillovers. In other words, when there are no spillover 
effects in the labour market system, the initial unemployment response is equal 
to the size of the shock, 0 1R = . 
 According to our results, the initial impact of the shock is greater in 
Finland than in Denmark and Sweden (see first row of Table 9). In the latter two 
countries, the short-run elasticity is of a similar size. In addition, the shock is far 
more persistent in Finland, followed by Denmark and finally Sweden. After the 
initial impact, the overall future decrease in Finnish unemployment is 2.75 
percentage points. While the unemployment decrease in Denmark and Sweden 
is, respectively, 1.70 and 1.50. As a result, the total effect of the shock on 
unemployment is similar for Denmark and Finland and lower than in Sweden. 
 
TABLE 9 Persistence of shocks 
 

  Denmark  Sweden  Finland 

short-run elasticity  R0   1.73  1.63 2.76 
(initial response) 
 
persistence σ   -1.70 -1.50 -2.75 
(sum of future responses) 
 
long-run elasticity  τ   0.03 0.13 0.01 
(short-run elasticity + persistence) 
    
 
Karanassou and Snower (2000) examine the persistence of shocks in Germany, 
the UK, and the US from a quantitative perspective. The study focuses on 
unemployment persistence associated to temporary shocks in the labour 
demand equation. The results yield quite different inter-country comparisons 
due to the different labour market lag structures of the three countries. 
Karanassou, Sala and Snower (2004) and Bande and Karanassou (2009) calculate 
measures of persistence associated to temporary shocks. These measures 
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depend on the specific equation on which the shocks impact and from where 
they then feed through the labour market system. 
 The analysis in Figure 6 and Table 9 provides insights of how temporary 
labour market shocks - more precisely a temporary shock to capital stock - may 
have prolonged effects on unemployment, after they have worked their way 
through the network of interacting lagged adjustment processes. 
 
 
5.6 Conclusions 
 
 
In this paper we conducted dynamic simulations to provide an account of the 
labour market performance of three Nordic countries since the 1980s. In 
particular, we examined how much of the Danish, Finnish, and Swedish 
unemployment variation was attributable to different explanatory variables in 
four periods of interest. 
 Our results illustrate the importance of non-standard labour market 
variables in examining unemployment trajectories. According to our simulation 
results, capital stock was the most important determinant of the unemployment 
trajectory. It impeded a fall in unemployment in Denmark and Sweden of 2.2 
and 1.2 percentage points, respectively, in the early 1980s; and avoided a rise in 
unemployment of roughly 5 percentage points in the three countries in the late 
1980s. In the early 1990s, it contributed significantly to the 4.9, 15, and 7.1 
percentage points increase in the Danish, Finnish, and Swedish unemployment 
rates, respectively. It avoided a rise in unemployment in Denmark, Finland, and 
Sweden of 2.6, 6.8, and 9.4 percentage points, respectively, in the late 1990s. In 
the early 2000s, it impeded a 2, 5.4, and 2.9 percentage points fall in the Danish, 
Finnish, and Swedish unemployment rates, respectively. The other main 
determinant of Finland’s unemployment was the external sector, its 
quantitative impact varying from one third to a half of that of capital stock, 
depending on the period analysed. Fiscal policy and participation rates also had 
a significant role, particularly in Finland. Their impact, approximately 20% of 
that of capital stock, was strongest in the early 1990s. We further evaluated the 
major role of capital stock in the unemployment trajectories of Denmark, 
Finland, and Sweden by examining the process of adjustment of the 
unemployment rate to a temporary shock to capital stock. This exercise reveals 
that Finland experienced the greatest initial impact of the shock and the shock 
was far more persistent. Nevertheless, the impact and persistence of the shock 
were also significant in Denmark and Sweden. 
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FIGURE A1 Actual and simulated values of the exogenous variables in Denmark 
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FIGURE A2 Actual and simulated values of the exogenous variables in Finland 
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FIGURE A3 Actual and simulated values of the exogenous variables in Sweden 
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