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Abstract 

This thesis studies the cyclical aspect of job polarization in Europe. Contributions include 

offering a comparison to the findings of previous research on the United States, and extending 

the analysis by introducing labor market institutions. The analysis is done in two parts, first 

showing that the observed link between job polarization and jobless recoveries in the US is 

observed in Europe, but not across all countries and business cycles. In Scandinavia, the 

process of job polarization appears smoother than the spurts observed in the US. The second 

part involves regression analyses of the relationship between labor market institutions, the 

business cycle and occupational employment. The results indicate that stricter labor market 

institutions are less robustly associated with Routine employment than other occupational 

groups and that Routine employment is more sensitive to the business cycle than other types 

of employment. Further, rigid labor market institutions may prevent some of the Routine 

decline associated with economic downturns, while not necessarily affecting the long run 

employment. Limitations of the analysis regards rough estimates of the key variables, number 

of observations and the lack of identification associated with cross-country analyses.  
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1 Introduction  

The employment structure of labor markets in developed countries has undergone large scale 

transformations in the wake of globalization and technological change. Going back a few 

decades, employment has been increasing at both ends of the income distribution relative to 

the middle creating a phenomenon known as job polarization. The jobs that disappear are 

mostly located in the middle of the income distribution and characterized by the routine tasks 

that they involve which causes them to be automated at a higher rate than other types of jobs 

(Autor et al 2006). 

Jaimovich and Siu (2012) illustrates how the loss of routine jobs is not a gradual process but 

rather occurs in spurts in the US. They link job polarization to the phenomenon of jobless 

recoveries by showing that prior to job polarization, aggregate employment tended to bounce 

back during recoveries. Since the labor market started to polarize in the 1980’s, the jobs that 

are lost in the routine sector during recessions does not re-emerge during the following 

recovery, nor are they replaced by new jobs, resulting in a jobless recovery. 

Studying whether this observed link between the long run trend of job polarization and the 

cyclical aspect of jobless growth is present outside an American context is of importance 

since it will contribute to the understanding of these large transformations of labor markets. 

This goes back to the general big questions in economics and other social sciences regarding 

the nature of a phenomenon, and the extent to which said phenomenon is “natural” or a 

consequence of forces that may be influenced by policy makers. If something very similar is 

observed across institutional settings, that’s an indication that it is a general behavior and 

perhaps not easily changed by policy. If it on the other hand is only observed in some 

instances, and those can be showed to be related to policies, the outcome may not be 

inevitable and hence a candidate for policymaking.1  

1.1 Problem, aim and research questions 

The purpose of this thesis is to investigate the cyclical aspect of job polarization in Europe, 

following the research of Jaimovich and Siu (2012). The results may contribute to the external 

validity of their findings since my analysis will be performed in a different institutional 

setting. I will extend the analysis by including data on labor market institutions. The results 
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may contribute to the discussion of the role of labor market institutions since (1) they differ 

between Europe and the US (Nellas and Olivieri 2012) and (2) they are discussed as a 

potential variable of interest while no consensus has yet been formed (Calvo 2012). The main 

research questions are the following: 

(i) To what extent is routine job loss concentrated to economic downturns in Europe? 

(ii) Are jobless recoveries linked to job polarization in Europe? 

(iii) What is the role of labor market institutions in this process? 

1.2 Outline of the thesis 

The thesis proceeds as follows: section 2 presents the relevant theoretical framework, 3 the 

empirical framework, 4 describes the data and method of analysis, 5 features results and 

discussion and 6 concludes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                         
1 Noting that this thesis does not make any policy recommendations, but simply offers a first approximation of 

the phenomena across countries.   
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2 Theoretical framework 

2.1 Technology and employment 

The theoretical background on the subject of changes in employment related to technological 

change revolves around the canonical model of skill-biased technological change and the 

task-biased technological change model. Roughly speaking SBTC relates to technology 

increasing productivity for high-skilled individuals which in turn creates higher demand and 

accordingly higher wages for this group since supply is relatively inelastic (Tinbergen 1974; 

Katz and Murphy 1992; Acemoglu 2002). 

Task-biased technological change is a framework in which work-tasks are categorized along 

two dimensions: Routine vs. Non-Routine and Cognitive vs. Manual. Routine content of a 

jobs is measured by the extent to which it is repetitive. Cognitive task demand creativity and 

abstract thinking. Manual tasks are physical motions. Occupations may thus be classified 

based on the tasks they involve, and which category best fits that job.2 This combines 

occupations into one of four groups: Non-routine cognitive, Routine-cognitive, Routine-

Manual and Non-routine manual. For short, sometimes both routine groups are combined and 

the result is three distinct groups referred to as Manual, Routine and Cognitive.3 These 

corresponds to occupations with low, middle and high skills and wages. Automation primarily 

substitutes labor for capital in routine tasks, lowering demand for labor in routine jobs while 

raising the demand for manual and cognitive tasks, since these are complementarities. 

 The reason routine tasks are more likely to be automated is that they involve actions or 

motions that are in general repetitive and easy to describe. Because of this, these tasks are also 

fit to translate into code and have a computer or a machine do them automatically. Tasks that 

involve a diverse range of skill like creativity or flexibility, as well as social skills are not as 

easy to put into code. The same goes for tasks that may seem simple but includes a range of 

different motions. Consider a waiter that serves coffee, wipe tables, moves chairs when 

needed and is available for a variety of customer services. There is yet no machine that can do 

this range of tasks. Besides being flexible, humans have something called tacit knowledge 

which in short refers to the fact that we know more than we can express (Autor, 2014; 

Polanyi, 1966). The disappearance of middle-skill jobs is widely studied and sometimes 

                                                 
2 This is for simplicity when doing empirical work, in reality most occupations include a range of tasks. 
3 This will be the case in this thesis, see section 4. 
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referred to as the hollowing out of the middle class since the bulk of routine work that is 

subsequently performed by machines were jobs previously located in the middle of the 

income distribution (Autor et al 2006). This is the theoretical basis for the term job 

polarization. 

The TBTC framework was constructed to account for large scale structural changes of the 

American labor market that was not addressed by the canonical model of skill-biased 

technological change (Acemoglu and Autor 2011). It has since been widely used to study 

changes in the labor markets of many countries. TBTC is sometimes referred to as RBTC, 

routine-biased technological change. 4 

2.2 Business cycle and employment 

Business cycles refers to the short-run deviations from the long-run trends of macroeconomic 

indicators such as GDP and employment. The main schools of thought on these fluctuations 

pertain to the Classical and the Keynesian. While classical economics assumes a perfect 

competitive market that restores itself after shocks, Keynesian economics assumes that 

rigidities for example in wages, may lead to a persistent failing to coordinate supply and 

demand of labor resulting in prolonged unemployment.  

The real business cycle theory is an extension of the classical view (Kydland and Prescott 

1982). Assuming random fluctuations in technological change and dynamic preferences of 

individuals and their labor supply business cycles are seen as a change of the “natural” level 

of output and not a deviation from it. Hence the altering levels of output and employment are 

efficient independent of their level since they reflect the preferences of individuals. According 

to Andolfatto and MacDonald (2005), a jobless recovery is to be expected within neoclassical 

theory since technology has asymmetric impacts across sectors of the economy and labor 

market adjustments take time. The Keynesian school has also had newer adaptations, but a 

consensus on the source of business cycles has yet to be formed.   

2.3 Labor market institutions and employment 
 

Labor market institutions are the formal and informal institutions that regulate the 

employment markets in various ways. These may relate to taxes, minimum wages, 

                                                 
4 I will use the more general TBTC throughout this thesis. 
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unemployment benefits, collective bargaining and legislation surrounding employment. The 

focus of this thesis as it relates to labor market institutions is on EPL which is short for 

Employment Protection Legislation. 

 

While theoretical models on EPL suggests that tighter legislation does not necessarily impact 

the medium or long-term wage and employment levels, they do indicate a more stable 

employment level through the business cycle. Higher costs of firing will incentivize firms to 

keep employees in downturns but also dis-incentivize them from hiring in upturns. Hence 

employment patterns are expected to be smoother in labor markets with stringent EPL. 

(Bertola et al 1999) This is highly relevant for the focus of this thesis and the previous 

empirical findings related to these predictions are laid out in section 3.3. 

 

 The framework surrounding the effects of technological shocks on labor markets usually 

assumes a perfect competitive market. According to Nellas and Olivieri (2012) theirs is the 

first paper presenting a theoretical framework on the effects of technological shocks on a 

labor market not characterized by perfect competition, but by a strong union presence. They 

separate occupations by “sectors” along the task framework.5 In the model, the routine sector 

has a wage setting process that equals the one in a competitive market regardless of union 

presence. Since capital is such a close substitute for labor in this sector, setting a union wage 

target higher than the marginal productivity would make all routine workers unemployed.6  

The model’s main predictions for the effects of a technological shock are that: 

 

1. Both unionized and non-unionized labor markets will have increasing wages and 

employment shares at the top of the distribution because of rising demand for skills.  

 

2. Both unionized and non-unionized labor markets will have rising demand for low-skill 

workers in the service sector, partly from increased productivity (complementary 

tasks) and partly from the increased purchasing power for high income individuals. 

 

3.  In non-unionized labor markets, supply will meet demand and there will be an 

increase in both wages and employment for low-skilled jobs, while unionized labor 

                                                 
5 They split workers into Manual, Routine and Abstract, corresponding to low, middle and high income. 
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markets will have the rising demand translated into only higher wages for insiders 

(employed) at the cost of unemployment for low-skilled individuals. 

 

4. Unionized labor markets will have more upgrading than polarization of employment 

and some of the individuals that seek jobs in the low-skill sector will be unemployed.7 

Non-unionized labor markets will have polarization and less unemployment. 

Because of this, countries with rigid labor markets i.e. strong unions will have weaker job 

growth in low-skill employment than countries with more flexible labor markets in an era of 

TBTC and job polarization. 

                                                                                                                                                         
6 In this framework (standard) unions are utility maximizers, where wage and employment targets are parts of 

the unions utility function. 
7 Occupational upgrading refers to a general upward shift in the skill-content of jobs. 
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3 Empirical framework  

3.1 Job polarization and jobless recoveries in the United States 
 

Jaimovich and Siu (2012) studies the relationship between job polarization and jobless 

recoveries, both of which are phenomena that have appeared in the US labor market during 

the last few decades. Job polarization is illustrated by creating three categories of 

employment: manual, routine and cognitive. Since these jobs corresponds to low, middle and 

high wages a relative reduction in routine employment will create a U-shaped graph of 

employment when sorted according to mean wage. Routine jobs have been decreasing in 

relative employment over time, creating job polarization. This is also well documented in 

Autor (2006), Autor (2011) and Autor (2014). 

Jobless recoveries occur when the jobs lost during the recession are not reemerging, or being 

substituted for by new jobs. The last couples of recessions in the US have not seen 

employment catching up to aggregate output during the recoveries like it did in the past. 

There is no consensus on this phenomenon.  

Jaimovich and Siu (2012) details the employment changes for each recessionary period from 

the early 1970’s to 2012. They find that recoveries have been jobless ever since the labor 

market has been polarizing (late 1980’s), and that earlier recoveries were not jobless. 

Observing employment changes for occupations grouped according to the tasks framework 

allows for an illustration of how jobs with different tasks are impacted by the overall 

performance of the economy. This is the introduction of the potential link between the two 

phenomena of job polarization and jobless recoveries.  

Results show that routine jobs are primarily lost during recessions and while they used to 

bounce back during the recovery they have not during the last ones. In contrast, non-routine 

employment has either had no contraction or a mild contraction during these recessions and 

subsequently no jobless recoveries. This indicates that indeed the phenomenon of jobless 

recoveries may be related to the disappearance of these routine jobs and by extension, job 

polarization.  

The authors then estimate a counterfactual scenario, illustrating what aggregate employment 

would have been had the employment in the routine sector bounced back as it did prior to job 

polarization, which began in the 1980’s.  
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They do this for the last three recessions and conclude that without the jobless recoveries 

within routine occupations there would have been no aggregate jobless recoveries either. 

Robustness checks include disaggregating employment by sector and by education since both 

these are potential confounders in the sense that routine jobs could plausibly just be a 

synonym for a certain level of education (low/middle) or a certain sector 

(industry/manufacturing). Testing for these confirms the authors conclusion that it is indeed 

the routine element that is the correct level of analysis and that TBTC is the prime mover 

causing the joblessness of the recoveries. The authors then create a search and matching-

model that can account for the trend of routine-biased technological change and job 

polarization leading to the cyclical results of jobless recoveries (Jaimovich and Siu, 2012). 

3.2 Job polarization and jobless recoveries in Europe 
 

Like the US, Europe has generally also been experiencing a polarization of the labor market 

(Goos et al 2009). Studies of the polarization in specific countries have investigated the issue 

in depth for their country specific settings such as Adermon och Gustavsson (2014) and 

Gustavsson (2017) in Sweden. They verify the overall results of Goose et al (2009). There are 

to my knowledge only two papers contending with this view, however the divergence here is 

only about the growth of low-skilled jobs and not the decline of routine jobs which is my 

main focus on the subject of job polarization, or on the increase of employment for cognitive 

occupations (Oesch and Rodriguez Menes, 2010;  Nellas and Olivieri, 2012). Within the 

context of this thesis it’s fair to say that there is a consensus about TBTC causing routine jobs 

to be automated and the labor market to polarize as a result of it, both in the US and in 

Europe.  

As in the case of job polarization, jobless recoveries are not a strictly American phenomenon 

either. In fact, it was considered to be a European phenomenon up until the 1990’s. 

Paradoxically, different labor market institutions have been proposed as the explanations for 

the same outcome, in the European case the labor market has been thought of as being too 

rigid and therefor causing unemployment. In the US case a jobless recovery has been 

interpreted as a sign of a flexible labor market, allowing structural changes, restructuring of 

firms or the “cleansing effects” of recessions (Calvo 2012).  

While there are strong associations between recessions across countries, a business cycle can 
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also be confined to a specific country. American recessions easily spill over to Europe and 

vice versa and generally Europe and the US will have overlapping economic downturns (Artis 

et al 1997). While Artis et al (1997) shows asymmetric business cycles in terms of output, 

meaning that the decline is sharper than the subsequent increase, McKay and Reis (2006) 

argue that the asymmetry is more pronounced with regards to employment rather than output.  

The facts that (1) job polarization and jobless recoveries are observed in both the US and 

Europe and (2) the connection has been shown in the US but not Europe, warrants an 

exploration of the latter. 

3.3 Labor market institutions 

Empirical evidence lends supports to the theoretical implications of the impact of EPL on 

indicators of labor market performance described by Bertola et al (1999) and presented in 

section 2.3. Aggregate levels of employment are not largely different depending on strictness 

of EPL, however as predicted, they are more stable (Bertola et al 1999;  Scarpetta 1996). 

Bound by the institutional setting, firms may exploit other sources of flexibility (other than 

hiring and firing), such as overtime. Evidence show that this may be the case since aggregate 

employment fluctuations are rather stable in Europe while hours per worker are varying 

(Abraham and Houseman 1994). 

The business cycle induces more aggregate employment volatility in the United States than in 

continental Europe, while the volatility is similar across countries in terms of aggregate 

production (Bertola and Ichino 1995). Because of this, EPL is relevant to the evidence of 

larger fluctuations in the less regulated labor markets of the US than in Europe.  

 

Nellas and Olivieri (2012) show that low-skill jobs are fewer in countries with stricter EPL, 

and therefore those countries tend to have occupational upgrading while laxer EPL which 

proxies a competitive market produces job polarization to a higher degree. They also show 

that stricter EPL is associated with unemployment by presenting unemployment as an 

alternative to job polarization. No evidence of the relationship between EPL and routine 

employment is presented.  

If the routine sector operates as if there was no union regardless of the union presence, there 

should be a similar effect on wages and employment in this sector across countries given the 
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same exposure to technological shocks. Routine wages and employment should therefore be 

flexible in all countries, independent of labor market institutions. Since EPL and occupational 

employment (grouped by the tasks-framework) varies between the US and Europe as well as 

within Europe, the relationship between the two can be studied. 
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4 Data and Method 

4.1 Data description 

The dataset consists of the following variables: Occupational data, Population data, EPL-

index, R&D as share of GDP, GDP per capita and business cycle indicators. These are briefly 

explained in Table 1, and summary statistics is presented in Table 2. Table 3 presents the 

period for each country where occupational data is available, and how many troughs there are 

for each country during that period. Section 4.2 explains the use of the variables in the 

analysis. 

 

EPL-indexes are created in a couple of versions with different weights of employment 

legislation indicators. The one used in this thesis is named EPR_v1, and is an index for 

regular contracts including additional provision for collective dismissals. Version 1 of the 

index provides the most data points. The scale is 0-6 and the observed variation is presented 

in table 2. EPL serves as a proxy for rigidity of the labor market institutions and is used as the 

independent variable in regression analyses. 

 

The regressions will also include control variables, consisting of GDP per capita, and share of 

GDP devoted to Research and Development. Labor market institutions may be related to the 

overall institutional settings in countries which are related to the prosperity of nations, and 

since technology is a driver of occupational employment changes it is reasonable to include 

some metric of technological investments in the analysis.8 

 

 

 

 

 

 

 

 

                                                 
8 ICT-investment is another relevant metric, more data was available for R&D though so ICT-data is omitted in 

this analysis. 
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Table 1. Data description 

Variable Source Use 

Occupational data 

International Standard 

Classification of Occupations. 

Measures the number of employed 

individuals by country and year in 

each occupational group (the 

groups can be seen in table 4 and 

5). Measured in thousands. 

 

International Labour 

Organization  

 

Main dependent variable of 

interest 

Population data  

Total number of residents 

(regardless of legal status or 

citizenship) by country and year. 

Estimated midyear. 

 

Worldbank 

 

Used to calculate per capita 

employment 

EPL-index  

Employment Protection Legislation 

Index. Measures the strength of the 

employment protection legislation 

by country and year.  

 

OECD 

 

Main independent variable 

of interest in the 

regressions. Used as a 

proxy for rigidity of labor 

markets. 

R&D   

Share of GDP invested in Research 

and Development by country and 

year. 

 

OECD 

 

Control variable for 

regressions 

GDP per capita 

Gross domestic product divided by 

population. Data is in current USD. 

 

Worldbank 

 

Control variable for 

regressions 

Business cycle dating 

Data on when peaks and troughs 

occur in all countries. 

 

Retrieved from multiple 

sources, see 

“References”. When 

multiple estimates of 

number of troughs are 

available, I consistently 

use the lowest number. 

 

Used for graphic 

illustrations as well as 

independent variable in 

regressions.  
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Table 2. Summary statistics 

Variable Obs Mean Median SD Min Max 

       EPL-index 614 2.32 2.34 .84 .26 5 

Aggregate employment 944 11872.77 3778.5 25211.28 137 146047 

Routine employment 944 4796.866 1483.505 9810.572 41 52593 

Manual employment 944 2483.531 559.6464 6717.471 18.31619 41373 

Cognitive employment 944 3960.932 1157.804 8338.506 42.1042 54711 

Population 1504 2.36e+07 8093840 4.80e+07 204438 3.23e+08 

R&D/GDP 747 1.564763 1.53291 .8047186 .1476774 3.913822 

GDP per capita 1256 21121.26 14979.45 19282.93 828.4217 119225.4 

 

Table 3. Period available for analysis by country 

Country From To Troughs 

Austria 1984 2017 5 

Belgium 1983 2016 7 

Bulgaria 2000 2017 2 

Croatia 1996 2016 2 

Cyprus 2000 2017 2 

Czech Republic 1993 2016 3 

Denmark 1981 2017 7 

Estonia 1989 2017 3 

Finland 1977 2017 4 

France 1992 2017 6 

Germany 1992 2017 3 

Greece 1981 2017 5 

Hungary 1995 2017 2 

Iceland 1991 2016 3 

Ireland 1983 2017 5 

Italy 1992 2017 3 

Latvia 1996 2017 2 

Lithuania 1997 2017 2 

Luxembourg 1992 2017 7 

Malta 2000 2017 4 

Netherlands 1977 2017 9 

Norway 1972 2017 4 

Poland 1995 2016 5 

Portugal 1974 2017 7 

Romania 1994 2016 3 

Slovakia 1994 2017 5 

Slovenia 1993 2017 2 

Spain 1976 2017 5 

Sweden 1970 2017 5 

Switzerland 1991 2017 3 

United Kingdom 1992 2017 4 

United States 1970 2013 6 
Table 3 presents years of available occupational data by country and number of troughs during that period. 
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4.2 Method 

I use panel data on occupational employment9 and population in European countries for all 

years available10 to analyze and illustrate the employment changes relating to the business 

cycle. Employment is measured in per capita levels and logged for parts of the analysis. This 

is the first part of the analysis which aims to establish if the observed phenomena from 

Jaimovich and Siu (2012) are present in Europe. I begin by illustrating data for the complete 

data set which includes all member states of the EU, plus the United States, Norway and 

Switzerland. I then analyze the entire Eurozone as one economy before illustrating the 

developments in Sweden in more detail. From there I lay out an overview of specific 

countries with longer times series. This analysis is performed by various graphic illustrations 

that are suitably explained throughout, and the analysis consists of visually interpreting 

figures and tables of descriptive data as well as comparing some estimates presented in 

Jaimovich and Siu (2012). 

 

 I also regress a business cycle indicator for trough years, to estimate the impacts of 

recessions on occupational employment. Here I transform the outcome variable into growth 

rates, estimating a version of first differences11. I do the same for GDP per capita. The 

transformations are calculated using the following equations: 

 
 

 

 
 

The Trough indicator will estimate how on average, the growth rate of occupational groups is 

impacted by recessions. This is estimated by the following equation: 

 

 
 

Since growth rates likely vary a lot less between countries than absolute levels of 

employment, fixed country effects are omitted. This regression is performed varying the 

occupational groups. These regressions combined with the graphic illustrations mentioned 

above aims at answering the first two research questions proposed in section 1.1.  

                                                 
9 The classifications of occupations into groups is explained in section 4.3. 
10 See Table 3. 
11 Not a strict first difference model since all variables are not growth rates.  
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The second part of the analysis is relating occupational employment and the business cycle 

with labor market institutions. This is done by regression analyses and the aim is to answer 

the third and final research question in section 1.1. 

The model proposed in Nellas and Olivieri (2012) accounts for weak low-skill job growth in 

European countries during the era of job polarization by introducing unions into the 

modelling of TBTC and the effect on labor markets. The focus of this thesis is on the changes 

in middle-skill routine employment. I want to see if labor market institutions are related to 

any of the observed phenomena. In the model proposed, the routine “sector” behaves as if 

there were no unions when it comes to employment and wages based on the competitive 

nature of this sector and the assumption that capital is a perfect substitute for routine labor.  

The theories and evidence presented in Bertola et al (1999) suggest that employment is less 

volatile in countries with stricter employment protection. Considering strong unions and strict 

employment protection legislation are considered aspects of an all in all rigid labor market, 

these two predictions seem to be in conflict. I intend to investigate this by regressing EPL on 

occupational employment to see if there is a difference in per capita employment that is 

related to labor market institutions, and whether this varies between occupational groups. To 

my knowledge there is no empirical data on the relationship between EPL and Routine 

employment. This fact, if true, may somewhat make up for the simplicity of such an 

estimation. Based on the scope of the research question and the data available for this thesis, 

estimations will by necessity be limited and not necessarily suited for causal interpretation.  

 

For this part of the analysis I use the Employment Protection Legislation (EPL) Index used in 

Nellas and Olivieri (2012) as a proxy for strong union presence. I use it as a proxy for an 

overall rigid labor market. This index was created by the OECD and is available for most 

countries for several, and in some cases, many years. I regress EPL on occupational and 

aggregate employment by estimating the following equation: 

 

 
 

The dependent variable of main focus is per capita Routine employment and variations 

involve Cognitive, Manual and Aggregate per capita employment. The coefficient of interest 

is  which approximates the relationship between strictness of labor market institutions and 

employment in Routine occupations.  indicates yearly fixed effects to control for 
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unobserved time varying factors and  country fixed effects to control for unobserved cross-

country variations that may affect employment. The regressions will involve alternative 

specifications including fixed country and year effects as well as controlling for variables that 

may relate to both labor market institutions and occupational employment in order to mediate 

confounding factors. These are GDP per capita (logged) and share of GDP that consists of 

R&D.  

 

A Variation of EPL consists of creating a dummy variable for values over 2.34 (median). This 

indicator will estimate the difference in employment between countries with high EPL (strict 

labor market institutions) and those with low EPL (more flexible institutions). Above the 

median being the cutoff for defining strict labor market institutions. The EPL dummy is 

referred to as “High-EPL” in the regression tables, when labeled “EPL” the index is used as a 

continuous variable. When dummies are used for strict institutions (High-EPL), likely there 

will be less variation within countries, therefore fixed country effects may not be suited. Since 

it provides simpler interpretations using the variable this way, this will be the main focus and 

using it as a continuous variable may provide robustness. 

 

I also interact EPL with business cycle indicators to estimate how institutions may affect the 

growth rate of occupational employment groups during the business cycle. This is estimated 

by the following equation: 

 

 

4.3 Classification of occupations 

The data from ILO comes in three classifications ISCO-68, ISCO-88 and ISCO-08 which has 

to be harmonized and then attributed tasks as similarly as possible to the categories in 

Jaimovich and Siu (2012). 12Their classification scheme can be seen in the Appendix, table A. 

Harmonizing ISCO-88 and ISCO-08 is fairly straight forward since they are very similar. For 

example, the group Managers in ISCO-08 included legislators and senior officials in the 

earlier version, ISCO-88. This is not a problem here since these occupations are clearly in the 

top bracket (Non-routine cognitive in table 6) either way. As seen in table 4, the differences in 

                                                 
12 Countries differ in when they switch from one ISCO to another, so I code each country and year separately. 
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the aggregate are few to none.  

Table 4. ISCO-88 and -08 

ISCO-88 ISCO-08 
1. Legislators, senior officials and managers  1. Managers  

2. Professionals  2. Professionals  

3. Technicians and associate professionals  3. Technicians and associate professionals  

4. Clerks  4. Clerical support workers  

5. Service workers and shop and market sales 

workers  5. Service and sales workers  

6. Skilled agricultural and fishery workers  

6. Skilled agricultural, forestry and fishery 

workers  

7. Craft and related trades workers  7. Craft and related trades workers  

8. Plant and machine operators and assemblers  

8. Plant and machine operators, and 

assemblers  

9. Elementary occupations  9. Elementary occupations  

0. Armed forces  0. Armed forces occupations  

X. Not elsewhere classified  X. Not elsewhere classified  

 

The translation of ISCO-68 into ISCO-88 is not as straight forward since there are larger 

differences between ISCO-68 and the other two, than between the other two, as seen in table 5 

below. 

Table 5. ISCO-68 and -88 

ISCO-68    ISCO-88 
1. Professional, technical and related 

workers 

1. Legislators, senior officials and managers 

2. Administrative and managerial workers 2. Professionals 

3. Clerical and related workers 3. Technicians and associate professionals 

4. Sales workers 4. Clerks 

5. Service workers 5. Service workers and shop and market 

sales workers 

6. Agriculture, animal husbandry and 

forestry workers, fishermen and hunters  

6. Skilled agricultural and fishery workers 

7/8/9. Production and related workers, 

transport equipment operators and labourers 

7. Craft and related trades workers 

X. Not elsewhere classified 8. Plant and machine operators and 

assemblers 

 9. Elementary occupations 

 0. Armed forces 

 X. Not elsewhere classified 

 

The difference of interest here is the combination of Sales and Service workers from ISCO-68 

to ISCO-88.  This ultimately only matters if they are classified into different tasks along the 

routine-dimension. Then we would expect a jump in employment at the time of 
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reclassification which will be a measurement error. As shown in the figure 1, this appears to 

be the case. Without disaggregated data there is no way of separating these two once ISCO-88 

and ISCO-08 are used. Jaimovich and Siu (2012) classifies Service as non-routine and Sales 

as routine. Table 6 presents the classifications used in this thesis. They are meant to be as 

similar to that of Jaimovich and Siu (2012) as possible. Both their scheme and mine is based 

on the work of Autor and Dorn (2012) investigating the task-content of occupations. An 

alternative classification would code Sales in ISCO-68 as Non-Routine manual, the extent to 

which this might change the results of relevance can be seen in appendix figure A and B.  13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
13 This alternative approach would not be in line with the previous literature of categorizing occupations, but it 

would reduce the jumps and make the ISCO-shifts less relevant.  
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Table 6. Occupational classifications used in this thesis 

Classification of ISCO-68  

 

Non-routine cognitive 

1. Professional, technical and related workers 

2. Administrative and managerial workers 

 

Routine cognitive 

3. Clerical and related workers 

4. Sales workers 

 

Routine Manual 

7/8/9. Production and related workers, transport 

equipment operators and labourers 

 

Non-routine manual 

5. Service workers 

 

Not included 

6. Agriculture, animal husbandry and forestry workers, 

fishermen and hunters 

X. Not elsewhere classified 

 

 

 

 

Classification of ISCO-88 and ISCO-88  

 

Non-routine cognitive 

1. Managers 

2. Professionals 

3. Technicians and associate professionals 

  

Routine cognitive 

4. Clerical support workers 

 

Routine Manual 

7. Craft and related trades workers 

8. Plant and machine operators, and assemblers 

9. Elementary occupations 

 

Non-routine manual 

5. Service and sales workers 

 

Not included 

6. Skilled agricultural, forestry and fishery workers 

0. Armed forces occupations 

X. Not elsewhere classified 

 

 

 

 

 

Routine-cognitive and Routine-manual are combined into one group of occupations. This 

leaves us with three distinct groups, Non-routine cognitive, Routine and Non-routine manual. 

I will refer to these as Cognitive, Routine and Manual. For parts of the analysis, Cognitive 

and Manual are combined so as to only delineate between Routine and Non-Routine. 
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4.3.1 Accounting for measurement errors 

 

In Figure 1 I illustrate the aggregate changes in employment for these occupational groups in 

Sweden and the US. As is seen, there is indeed a jump when both countries go from using 

ISCO-68 to ISCO-88, which for Sweden is 1997 and for the US is 2003.14 Employment is 

measured in thousands. 

Figure 1. Jumps in the data across ISCO-shifts 

 
 

These jumps appear in all countries more or less symmetrically.15 Since these abnormalities 

are very large they will have to be dealt with. An analysis that regards these jumps as any 

other employment shifts will obviously involve huge measurement error since the jumps are 

anything but random, they indeed always appear at the reclassification of the data and hence 

show to some extent a statistical artifact, not a true employment change. They cannot safely 

be eliminated either (meaning treating the entire shift as false and therefor adjusting the data 

so as to be exactly the same as the year before/after) since this would also remove any real 

employment changes. Here there are some options in handling the reclassifications which are 

limited by the fact that the data is aggregated and I have no access to disaggregated data. 

Keep in mind that these specific years (every reclassification) will hold less analytical value 

than all the years without breaks in data. Jaimovich and Siu (2012) adjusts their data prior to 

the reclassification they face, this is not explained in detail however. I will use their adjusted 

data to validate my adjustments. 

 

 I adjust the data previous to the reclassifications by using simulated levels prior to the ISCO-

shift based on the mean, maximum and minimum growth rates of each country and 

                                                 
14 And to a lesser extent in 2011 for Sweden when goes from ISCO-88 to ISCO-08 



 

21 

 

occupational group excluding all the years of reclassification. I adjust the previous period 

accordingly. For example, if routine employment in the United States has an observed 

decrease of 50 percent at the reclassification, but the largest decrease of employment in 

routine occupations in the US excluding the years of reclassification is 10 per cent, I adjust 

the upper bound to a level which corresponds to a decrease of 10 per cent at the ISCO-shifts. I 

do the same thing for the minimum and the mean growth rates. This is illustrated below. 

Figure 2. Original and adjusted data 

 
 

The yellow line is the original data, blue and red are the adjusted bounds and green is the 

mean-estimated version. After 2003 (in the US) there are no adjustments, hence the lines 

converge. This is because I assume that the latest classification available is the most precise 

and therefore I adjust the previous series. Since all European countries use ISCO-08 from 

2011, the European estimations will all converge in 2011 instead. 

 

4.3.2 Validating estimations 

This section compares the adjusted data to that of Jaimovich and Siu (2012). All figures (3-8) 

are measuring log value of per capita employment in the US. Shaded area represents 

recessionary periods, peak to trough.  

                                                                                                                                                         
15 Meaning all countries that use ISCO-68 at some point, some countries does not. The shift that every country is 

impacted by is from ISCO-88 to ISCO-08 which takes place in 2011 for all countries but the US which never 
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Figure 3. Validating adjusted data against previous research –Routine. 

 

Figure 4. From Jaimovich and Siu (2012) 

 

                                                                                                                                                         
uses ISCO-08. This shift is however a lot smaller than the previous one. 
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Figure 5. Validating adjusted data against previous research –Manual. 

 

Figure 6. From Jaimovich and Siu (2012) 
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Figure 7. Validating adjusted data against previous research –Cognitive. 

 

Figure 8. From Jaimovich and Siu (2012) 
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The pattern of main focus in Jaimovich and Siu (2012) appears in both graphs, namely that 

routine employment is lost during recessions and for the three first observed recessions, they 

come back during the recovery while for the last three recessions, they do not. The pattern is 

similar but the level of employment is different, this is likely unavoidable since we are 

working with different data. Since the focus here is mainly on changes rather than levels, and 

the changes are similar, this is a good indication that we are measuring approximately the 

same thing here.  The patterns for Cognitive and Manual appears fairly similar as well. 

From this point on, when I refer to either occupational group, I refer to the mean-adjusted 

version of the data for that group. This is for simplicity and the bounds may illustrate the 

extent of potential measurement errors of the “true” levels. It appears reasonable that all 

versions of the adjustments are more probable than the unadjusted original data.  
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5 Results and discussion   
 

In this section I show the overall pattern for all countries, then analyze the Eurozone followed 

by a detailed study of specific countries with far reaching time series, followed by regression 

estimates for the full sample. 

5.1 Overview 
 

First, note that the general trend of declining employment in Routine and increasing 

employment in Cognitive and Manual is observed in general trough out Europe with a few 

exceptions. The United States, which is at the bottom of all three figures below (9-11), does 

not appear to be an outlier in this sense. 

 

Figure 9. Routine employment for all countries and years 
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Figure 10. Cognitive employment for all countries and years 

 
 

 

Figure 11. Manual employment for all countries and years 
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Jaimovich and Siu (2012) reports a 29 log point decline in routine per capita employment in 

the US from 1990 to 2012. Furthermore, out of this decline, 88 % occurs wihtin a 12 month 

window of a trough. Table 7 compares those number with estimates for European countries. 

To make comparisons as valid as possible, only countries with data available from 1990-2012 

is presented. I use a 24 month window, one year before and one year after the trough, since I 

work with annual data. If there is a trough in 1990 or 2012, I use a 12 month window. Hence I 

calculate the total log point drop from 1990-2012 and then I add up the changes in log points 

that occur around the troughs, and finaly I divide the latter with the former.  

 

 
 

 
 

 

Table 7. Routine per capita employment 1990-2012 

 

Log difference 

1990-2012 

 

Share of change around 

troughs 

Denmark -0.42 89% 

Sweden -0.42 56% 

Finland -0.34 78% 

Belgium -0.33 102% 

Norway -0.30 34% 

United States -0.28 73% 

Greece -0.26 24% 

Spain -0.21 130% 

Portugal -0.17 141% 

Ireland -0.05 399% 

Netherlands -0.05 221% 

 

 

Firstly, one may note that there is only a 1 log point difference between the estimate from 

Jaimovich and Siu (2012) and the numbers presented above in table 7. The share of the 

decline that occurs around the trough differs more, while they estimate 88 % using monthly 

data I estimate 73 % using yearly data and a wider window. Looking at the large variation 

across countries, these differences appears small.  
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Secondly, The US is not an outlier here either with several countries above and below it in 

either of these two metrics. Countries with small drops over the entire period exhibits shares 

of drop around troughs exceeding well over 100 per cent (up to 399 per cent), indicating large 

volatility. 

 

Estimations of the recessionary effect on employment growth rates can be seen below in table 

8. These estimations approximate how on average, the employment growth rates are impacted 

by recessions by regressing an indicator for trough-years on the growth rates of each 

occupational group, and aggregate employment, controlling for GDP per capita growth rate 

and share of GDP consisting of R&D, as well as including year fixed effects. 

 

Table 8. Recessionary effects on occupational employment groups 

 (1) (2) (3) (4) (5) 

VARIABLES Routine Routine Manual Cognitive Aggregate 

      

Trough -0.0145*** -0.0168*** 0.00692 -0.00250 -0.00445* 

 (0.00461) (0.00532) (0.00668) (0.00582) (0.00254) 

GDP per capita  0.152*** 0.119*** 0.0907*** 0.119*** 

  (0.0317) (0.0399) (0.0348) (0.0153) 

R&D as share of GDP  -0.00111 -0.00423 -0.000296 0.00165 

  (0.00218) (0.00275) (0.00239) (0.00122) 

Constant -0.0202 -0.00111 0.0211 0.0298 0.00396 

 (0.0304) (0.0194) (0.0244) (0.0213) (0.00929) 

 

Country fixed effect No No No No No 

Year fixed effect Yes Yes Yes Yes Yes 

Observations 879 640 640 640 640 

Number of Country 32 26 26 26 26 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

On average a trough-year is associated with a 1.5 per cent decrease in the growth rate for 

Routine employment, this estimate is statistically significant at the 1 per cent level. Removing 

the control variables does not alter the estimates in any significant way. Estimates for Manual, 

Cognitive and Aggregate employment are very small and not statistically significant.  

 

 



 

30 

 

5.2 Eurozone 

 

In this section I investigate the changes in occupational employment and the relationship to 

the business cycle in the Eurozone. The Eurozone consists of 19 EU-member states that share 

a common currency, the Euro. I combine the data for all 19 countries in an effort to compare 

and contrast the phenomena and relationship of job polarization and jobless recoveries in 

Europe with the results for the US laid out in Jaimovich and Siu (2012). Since the monetary 

union has its own business cycle dating, it is reasonable to treat the entire zone as one 

economy for the purposes of this analysis. The data available for the whole Eurozone is 2000-

2016. For this period there are two recessions, 2008-2009 and 2011-2013. 

5.2.1 Job polarization 

 

I illustrate the polarization of employment in the Eurozone by showing the changes in 

employment share of the three occupational groups. As seen in the figure 12, there is a 

tendency for the labor market to polarize during the observed period. One may note that job 

growth is substantially weaker at the lower end of the income distribution, here represented 

by manual jobs, than for the high-skill cognitive jobs. This is expected according to the 

framework in Nellas and Olivieri (2012), who makes the case that weak growth in low-skilled 

employment is a European phenomenon and that it is related to labor market institutions.  

                Figure 12. Job polarization in the Eurozone 

                            
Changes in employment shares. 
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It is standard in the literature to show employment changes by decade, therefore I have 

divided the period into 2000-2010 and 2011-2016. These exclude the ISCO-shift (2010-2011) 

while the numbers for the whole period does not. Over the observed 16-year period Cognitive 

and Manual increases its employment shares from 37 to 41 per cent and from 16 to 17 per 

cent respectively. Routine decreases from 44 to 39 per cent. Average yearly growth rates of 

the employment shares the first period was Manual (0.3 %), Routine (-1 %) and Cognitive 

(1.5 %), the second period it was Manual (-0.1 %), Routine (-0.4 %) and Cognitive (0.7 %). 

5.2.2 Employment during the business cycle 

 

Business cycle snapshots are presented in table 13 and 14  by “zooming” in on each recession 

and using time periods of 2 years around the trough, following the research of Jaimovich and 

Siu (2012). Recessions are referred to by their trough date.  

Figure 13. Eurozone business cycle snapshots for aggregate employment 

 

Shaded area represents the recession (peak to trough), x-axis shows time from trough (0) and y-axis shows per 

cent deviation from the trough (0). Graph shows aggregate per capita employment around each recession. 

As seen in figure 13, the two recessions differ in terms of employment during the recoveries 

following each downturn. While both exhibit drops in employment during the recession, the 

recovery following the 2009 recession was jobless while the recovery following the 2013 

recession was not.  
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Figure 14. Eurozone business cycle snapshots for occupational employment 

 
Shaded area represents the recession (peak to trough), x-axis shows time from trough (0) and y-axis shows per 

cent deviation from the trough (0). Graph shows Routine and Non-Routine employment around each recession. 

Non-Routine consists of the combination of Cognitive and Manual employment. 

 

There is also a difference in occupational employment changes across the two recessions, 

seen above in table 14. While the recovery following the 2009 recession is jobless for Routine 

occupations, the recovery following the 2013 recession is not. Both recoveries show job 

growth in Non-Routine employment. 

Figure 15 illustrates occupational employment for the whole period. Routine job loss seems to 

be to a large extent concentrated during recessionary periods, and while the recovery 

following the 2013 recession was not jobless for Routine jobs, the overall job growth during 

the observed recoveries has been weak. This can be contrasted against Cognitive employment, 

which shows only a slight leveling off during recessions, and has had job growth following 

each recession. Manual occupations suffer a moderate drop in employment each recession but 

has job growth each recovery. In general, this figure resembles the findings for the US, which 

can be seen figures 3-8. 
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Figure 15. Occupational employment in the Eurozone 

 

Recessions are shaded, peak to trough. Figure shows log value of per capita employment in each occupational 

group for the period 2000-2016. 
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One problem of analysing the Eurozone as one economy is the heterogeneity that can be seen 

below in figure 16.  While combining all Euro countries for a single analysis is practical, 

many details will be missed. I display Germany and Greece since it is well known that they 

differ in terms of relevant background charasteristics. Not only is routine employment at 

vastly different levels, but the developments are largely different as well.  

Figure 16. Routine employment in Germany and Greece 

Routine employment in Germany (left) and Greece (right). Eurozone recessions (not country specific) shaded 

peak to trough.  

In summary, the results for the Eurozone differ across the two observed recessions. 2009 

shows the same pattern as in the US with a jobless recovery in the aggregate and for Routine 

jobs, but not for Non-Routine jobs. 2013 shows a stronger recovery in all sense, with job 

growth across categories. Routine job loss is concentrated to economic downturns and job 

polarization occurs through the whole period with weaker growth in low-skill Manual jobs 

than in high-skill Cognitive jobs. This analysis is limited by the short available time series for 

the entire Eurozone, and by the heterogeneity that is hidden within the aggregate numbers. 

Next section lays out country specific data for longer time periods. This allows for more 

comparisons between recessions and countries, and it will cover the timespan analyzed in 

Jaimovich and Siu (2012). 
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5.3 European countries with extended time series 
 

Within the dataset there are six countries (Sweden, Norway, Finland, Spain, Netherlands and 

Portugal) where occupational employment data is available back to the 1970’s.16 In this 

section I compare employment across these countries in relation to their country-specific 

business cycles. I illustrate data on Sweden in more detail and then show examples of 

different patterns before moving on to the regressions in section 5.3.  

5.3.1 Sweden 

 

Non-routine employment growth has dominated routine growth through each recovery. Every 

recovery has been jobless for routine jobs while there has been growth in non-routine 

employment, although this has slowed noticeable during the two most recent recoveries. Here 

we may note a clear difference from the results of Jaimovich and Siu (2012): Every recovery 

is jobless regarding routine jobs in Sweden, in the US this fact was not true until the 90’s. If 

anything, earlier recoveries were tougher for routine employment in Sweden then the more 

recent ones. That is, as recoveries go, however the recessionary impact on routine 

employment in the aggregate was much more noticeable in the later recessions as seen in 

figure 18. This is the case in both Sweden and the US. 

 

 

 

 

 

 

 

 

 

                                                 
16 Excluding the United States which is the reference point. 
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Figure 17. Business cycle snapshots of occupational employment in Sweden 

 

 

 

Shaded area represents the recession (peak to trough), x-axis shows time from trough (0) and y-axis shows per 

cent deviation from the trough (0). Graph shows Routine and Non-Routine employment around each recession. 

Non-Routine consists of the combination of Cognitive and Manual employment. 
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Figure 18. Routine employment in Sweden 

    
 Routine employment per capita in Sweden. Recessions shaded peak to trough. 

While Routine employment is decreasing in all recessions, there is a steady fall during non-

recessionary periods since at least the 1990’s as well. This decline of Routine employment is 

thus a lot smoother in Sweden than in the US or in the Eurozone. 
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Figure 19. Job polarization in Sweden 

 Changes in employment shares by occupational group and decade. 

Over the whole period, Sweden shows a tendency to polarize with some variation in low-skill 

manual job growth. This differs by decade, for example there is clear polarization in the 70’s, 

90’s and 2000’s while the pattern for the 80’s is more of an upgrading and the 2010’s is more 

ambiguous with drops in Maunal and Routine. Cognitive employment is clearly increasing 

through each decade. 

In summary routine employment has lowered its share of total employment each decade 

except the 80’s where it was stagnant. Every recovery has been jobless for routine 

employment. Some recoveries have been jobless in the aggregate while others have not 

without the clear pattern of pre- and post- “job polarization era” as in Jaimovich and Siu 

(2012). 17   

 

                                                 
17 According to Gustavsson (2017), job polarization has been taking place in Sweden since at least the 1950’s 

and even though every recovery observed here is jobless for Routine, they are not all jobless in the aggregate, see 

table 5. 
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5.3.2 Overview of other countries 

Figure 20. Routine employment in Norway and Finland. 

 
Norway to the left, Finland to the right. Log value of Routine employment per capita, recessions shaded. 

Comparing with Norway and Finland shows both similar and different aspects of changes in 

routine employment. Norway clearly shows a steady drop since the late 80’s, where routine 

jobloss is not concentrated to economic downturns. However the timing for the start of this 

decline is similar to both the US and Sweden. Routine job loss in Finland is large for the 

recession in 1991 but also during and after the recession in 2008. The pattern of Routine job 

loss and business cycles seem to vary between Scandinavia and the US and the Eurozone. For 

example, Finland had strong routine job growth during the 90’s after the recession earlier that 

decade, this is not seen in any of the other countries. At the same time, each country has been 

experiencing large drops in routine employment overall and during recessions to a varying 

degree. Regarding job polarization, all countries experience drops in the share of routine jobs 

and increases in the share of cognitive, with some variation for manual jobs although in 

general an upward trend.18 The process of Routine decline appears smoother in Scandinavia 

than the Eurozone or the US.19 

 

Table 9 shows the percentage change between the trough year and 2 years later for all 

recoveries in the countries were data was available back to the 1970’s.20 This allows for 

comparisons within countries over time as well as between countries. Recessions are referred 

to by their trough date. 

                                                 
18 Trends for all 32 countries and occupational groups are presented in figures 9-11 
19 This is mostly true for Sweden and Norway, Finland and Denmark (table 7) are more mixed and of course 

Finland is also part of the Eurozone and not technically in Scandinavia while Denmark has a currency pegged to 

the Euro.  
20 All these countries have occupational data back to at least 1979 (cutoff to allow for analysis of all recessions 

from the 1980’s and forward). 
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Table 9. Employment data for recovery periods 

Country Recession Routine 

Non-

Routine 

Aggregate 

Employment 

Finland 1986 -1% 7% -1% 

Finland 1991 -16% -11% -14% 

Finland 2001 2% 0% -1% 

Finland 2008 -10% -1% -4% 

Netherlands 1979 -2% 9% 2% 

Netherlands 1983 0% 4% 2% 

Netherlands 1987 5% 7% 4% 

Netherlands 1991 -16% 5% 0% 

Netherlands 1997 5% 6% 4% 

Netherlands 2001 -2% 4% 0% 

Netherlands 2009 -4% 3% 1% 

Norway 1982 -2% 6% 1% 

Norway 1989 -7% 4% -3% 

Norway 2001 -4% 0% -2% 

Norway 2009 -4% 1% -1% 

Portugal 1975 -1% -2% -3% 

Portugal 1979 6% 3% -1% 

Portugal 1985 4% 7% 3% 

Portugal 1988 7% 20% 5% 

Portugal 1992 -3% -6% -2% 

Portugal 2009 0% 2% -5% 

Spain 1977 -5% 0% -5% 

Spain 1993 -4% 10% 0% 

Spain 2000 5% 10% 6% 

Spain 2009 -5% 3% -4% 

Sweden 1971 -2% 4% 0% 

Sweden 1977 -3% 7% 1% 

Sweden 1981 -2% 3% 0% 

Sweden 1993 -2% 0% -1% 

Sweden 2009 -2% 1% 1% 
 Table 9 shows year of trough and percentage deviation 2 years after the trough for per capita employment in 

Routine, Non-Routine and in the aggregate. Negative growth rates are marked red and positive are marked green. 

A few troughs have been left out because of overlapping business cycles, since they were to close in time to 

analyze in this setting. 

 

From table 9 we can observe that the pattern from Jaimovich and Siu (2012) is not general. 

Recall that their study of the US shows that recoveries had job growth in each of these 

categories up until the recession of 1991, since then the recoveries have been jobless in 

Routine and in the Aggregate but not in Non-routine. Instead the results for this sample of 
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European countries are mixed. As illustrated in Figure 17 as well as in Table 9, Sweden has 

had jobless recoveries in Routine through the whole period while the recoveries for Aggregate 

employment has been fairly steady between -1 % and 1 %. Remember that this measure is 

only for the recovery period, and hence does not take into account the major drop that may 

have occurred during the recession. Norwegian recoveries have been jobless in routine 

throughout, and in the aggregate for all but one recovery. To contrast, Portugal has had 

routine job growth in a majority of their recessions. Portugal and Finland are the only 

countries with multiple jobless recoveries in Non-Routine. Most of the recoveries in the table 

have been jobless in Routine, including several in the period were recoveries in the US had 

job growth in Routine. The clear pattern is that Non-Routine employment has generally had 

higher growth than Routine. In fact, there are only two instances where a recovery had higher 

growth in Routine than Non-Routine, both in Portugal (1975 and 1992) and none of which 

had positive growth in any category. 

5.4 Regression analyses 
 

This section presents the regression results on the association between labor market 

institutions, the business cycle and occupational employment. Occupational groups are either 

measured as the log value of per capita employment in that group, or the growth rate of that 

group. The equations are presented in section 4.2. 

 

While country fixed effects remove all time-invariant country specific variables including 

those that are confounders, it also removes the time-invariant part of the institutions. The 

fixed effect versions of the model use institutional variation over time in each country. Since 

there may be path dependency and therefor time consistency regarding institutions, there is a 

risk that the fixed effects remove some of the variation that is of interest. Also, when EPL is 

measured as a dummy variable fixed country effects may not be optimal since variance is 

lower. Since there is reason to expect time varying unobserved factors impacting 

employment, including year fixed effects is reasonable. 

 

Therefor I focus on the estimates including year fixed, but not country fixed effects. I include 

the control variables to reduce confounding elements. I focus on the dummy-indicator version 

of the dependent variable since it provides simpler interpretations. The results are presented in 
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table 10. All alternative versions of the regressions, including varying the fixed effects and 

removing controls are presented in Appendix tables B-E.  

 

Table 10. Main regression estimates of EPL on occupational employment 

 (1) (2) (3) (4) 

VARIABLES Routine Manual Cognitive Aggregate 

     

High-EPL 0.0288* -0.0522** 0.0495** 0.0408*** 

 (0.0153) (0.0225) (0.0199) (0.0107) 

Ln(GDP per capita) 0.193*** 0.225*** 0.232*** 0.170*** 

 (0.0210) (0.0319) (0.0266) (0.0147) 

R&D as share of GDP -0.0422*** 0.0267 0.00176 -0.0293*** 

 (0.0132) (0.0197) (0.0170) (0.00924) 

Constant -3.323*** -4.954*** -6.650*** -2.414*** 

 (0.190) (0.290) (0.240) (0.133) 

Country fixed effect No No No No 

Year fixed effect Yes Yes Yes Yes 

Observations 507 507 507 507 

Number of Country 25 25 25 25 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

The results in table 10 indicate that strict labor market institutions are associated with larger 

employment for all categories including aggregate employment, except Manual where 

employment is lower. From the theoretical framework in Nellas and Olivieri (2012), we 

would expect Manual to indeed be lower if EPL is strict (high), while the expectations for 

Routine and Cognitive may be a zero-effect given the assumption of the competitive nature of 

those “sectors”. Given Routine is only statistically significant at 10 the per cent level and the 

estimate is small compared to the others, one might interpret that EPL indeed appears to have 

little to no effect on Routine employment. Since the estimate is very not very precise 

however, we can’t confidently say a lot about the effect size. The estimate for Cognitive is 

fairly large at 5 per cent.  

More research is needed to establish what specifications provide the most accurate 

estimations in this setting. The fact that some groups vary a lot between fixed effect 

specifications and even changing signs between treating EPL as a dummy or a continuous 

variable may indicate that the models are not very robust. Estimates for Manual are the most 

consistent across specifications, these are always negative and statistically significant.  
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Table 11. Results for the interaction between labor market institutions and the business cycle. 

 (1) (2) (3) (4) 

VARIABLES Routine Manual Cognitive Aggregate 

     

High-EPL 0.000553 -0.00411 -0.00174 -0.00142 

 (0.00474) (0.00608) (0.00548) (0.00207) 

Trough -0.0314*** -0.00377 -0.00852 -0.00766** 

 (0.00746) (0.00957) (0.00863) (0.00326) 

Recovery 0.00933 6.10e-05 0.00569 -0.00262 

 (0.00765) (0.00981) (0.00884) (0.00334) 

High-EPL*Trough 0.0213** 0.0147 0.0149 0.00251 

 (0.0107) (0.0137) (0.0123) (0.00465) 

High-EPL*Recovery -0.0124 -0.00260 -0.00685 0.000192 

 (0.0106) (0.0136) (0.0123) (0.00464) 

R&D as share of GDP -0.000434 -0.00102 -0.00118 0.00159 

 (0.00248) (0.00318) (0.00287) (0.00108) 

GDP per capita 0.199*** 0.154*** 0.119*** 0.140*** 

 (0.0378) (0.0484) (0.0437) (0.0165) 

Constant 0.00249 -0.0457** 0.0170 -0.00332 

 (0.0157) (0.0201) (0.0181) (0.00683) 

 

Country fixed effect No No No No 

Year fixed effect Yes Yes Yes Yes 

Observations 495 495 495 495 

Number of Country 25 25 25 25 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

The interaction results in table 11 indicate that High-EPL labor markets can limit the decline 

in Routine employment that typically occurs during the recessions. The estimate for the 

interaction term High-EPL*Trough is statistically significant at 5 per cent and the estimate is 

2 per cent for both versions of this regression.21 This means that on average, given a 

recession, Routine growth rate will be 2 per cent higher in strict EPL settings than baseline 

which is lax (low) EPL. No large or statistically significant effect is found for any other 

occupational group or for the recovery interaction. The point estimates for troughs are 

consistent with the results shown in table 8, indicating that recessions negatively affect 

Routine employment the most.  

In summary High-EPL is associated with higher employment in for all groups but Manual 

where it is consistently lower. The estimates for Routine are the smallest in size and least 

statistically significant. During the depths of recessions (trough-years) Routine however is 

consistently higher when EPL is high. Combined, this indicates that strict labor market 

                                                 
21 Alternative specification can be seen in Appendix table J. 
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institutions may primarily hinder Routine job loss during economic downturns, while not 

really affecting the employment in the long run.  

This fits somewhat with the observed smoothness of the Routine decline in Scandinavia, 

presented in section 5.3. We know labor market institutions are stricter in Scandinavia than in 

the US, and while the long run results are similar, we do not observe the same spurts of 

Routine decline in Scandinavia as in the US. One possible hypothesis regarding this is that in 

Scandinavia, strict EPL restricts companies from firing in downturns. At the same time, there 

are technological factors pushing in the direction of lowering employment. This could result 

in fewer hirings in economic upturns, and the long-term decline may be driven by retirements 

that are not replaced by new workers. One may interpret some of the results in this thesis as 

supporting this hypothesis but clearly more in-depth studies are needed. 
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6 Conclusions 

The link between job polarization and jobless recoveries observed in the US, while observed 

in some instances, does not appear to be a general pattern across Europe. The first part of the 

analysis in this thesis is a comparison to the findings of Jaimovich and Siu (2012) and shows 

somewhat ambiguous results. While routine employment is decreasing over time in Europe, 

the decline differs across countries and does not match the recessionary period of the business 

cycle in all countries to the extent it does in the US. The US is not an outlier in any of the 

metrics used for the analysis though. The results for the Eurozone appears similar to the US, 

while Scandinavia has a smoother decline in Routine employment. Since the time period for 

the Eurozone is limited, conclusions by necessity will be to.    

The second part of the analysis was performed using regressions of the association between 

labor market institutions, the business cycle and occupational employment. The estimates of 

the relationship between strict labor market institutions and occupational employment indicate 

that EPL is less robustly associated with Routine employment than other occupational groups. 

Regressions of strictness of labor market institutions consistently produce statistically 

significant and negative estimates for Manual employment across specifications, this is line 

with the theory presented in Nellas and Olivieri (2012) where strict labor market institutions 

are predicted to hinder low-skill employment via unions.    

Recessions display larger drops in Routine than other employment, and these estimates are 

statistically significant at the 1 % level across specifications. This indicates that Routine 

employment is the employment group that is the most sensitive to the business cycle. 

Interacting High-EPL and business cycle indicators indicate that High-EPL labor markets 

may reduce the sharp decline in Routine that is observed in recessions.  

Key limiting factors of this study is the lack of detailed data and the somewhat rough 

estimates of occupational employment, the business cycles, labor market institutions as well 

as the limited number of observations. By the nature of cross country comparisons, 

“treatment” is by no means randomized and therefore may not be suited for causal 

interpretation. Controlling for observable characteristics as well as introducing fixed effects in 

the model may therefore be necessary in an attempt to diminish some of the confounding 

factors. This of course has its own problems as discussed previously. 
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The contributions of this thesis relate to the broadening of the previous literature by showing 

how the process and timing of job polarization differs across countries. The different results 

for the Eurozone and Scandinavia opens up for many interesting questions of alternative 

means of measuring institutions. Further, by showing that labor market institutions may 

influence the process of job polarization, light is shed on the opportunity for more direct 

policy research within the subject. Since country specific results vary a lot, while the 

combined Eurozone produces results similar to the US, albeit for a short period, 

disaggregating US data to investigate heterogeneity between states would be very interesting. 

Further research should focus on detailed data and solid identification strategies in order to 

provide more precise estimates of the relationship between job polarization, jobless recoveries 

and labor market institutions as well as explore changes in labor markets previously not 

studied such as in the developing world.  
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Appendix  
 

 

Table A. Classifications used in Jaimovich and Siu (2012) 

 

Classifications for 1983-2013 

Non-routine cognitive 

Management, business and financial operations 

occupations 

Professional and related occupations 

Routine cognitive 

Sales and related occupations 

Office and administrative support occupations 

Routine manual 

Construction and extraction occupations 

Installation, maintenance and repair occupations 

Production occupations 

Transportation and material moving occupations 

Non-routine manual 

Service occupations 

Not included 

Farming, fishing and forestry occupations 

 

 

Jaimovich and Siu (2012) uses occupational data for the years 1967 to 1982 from issues of 

Employment and Earnings, Bureau of Labor Statistics, and from the FRED Database, Federal 

Reserve Bank of St. Louis for the years 1983 to 2013. 

 

Classifications for 1967-1982 

Non-routine cognitive 

Professional and technical 

Managers, officials, and proprietors 

Routine cognitive 

Clerical workers 

Sales workers 

Routine manual 

Craftsmen and foremen 

Operatives 

Nonfarm labourers 

Non-routine manual 

Service workers 

Not included 

Farmworkers 
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Figure A and B presents the differences between the classifications and adjustments used for 

the analysis (Mean adjusted) , with an alternative classification that codes Sales as Non-

routine manual for ISCO-68 (Alternative classification). I display log value of per capita 

employment in Routine since it’s the main focus of the analysis. In Sweden the two different 

approaches produces a fairly steady level difference while the changes related to the business 

cycle appears very similar. In the US, the level difference is not as steadily different and 

hence there is more variation over time. The changes related to the business cycle appears 

very similar though. The stated decline of 29 log points in the US 1990-2012 in Jaimovich 

and Siu (2012) deviates with 1 point for the data used in this thesis and 2,5 points for the 

alternative classification. 

Figure A. Comparing classifications for Sweden. 
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Figure B. Comparing classifications for the US. 

 
 

Tables B-E shows regressions on employment groups with EPL as a dummy variable that 

equals 1 if the EPL-index score is above the median and 0 otherwise. Tables F-I shows the 

same estimations using EPL as a continuous variable. 

Table B. Regressions of High-EPL on Manual employment 

 (1) (2) (3) (4) (5) 

VARIABLES Manual Manual Manual Manual Manual 

      

High-EPL -0.176*** -0.0525** -0.0559** -0.0522** -0.0555** 

 (0.0313) (0.0235) (0.0241) (0.0225) (0.0231) 

Ln(GDP per capita)  0.245*** 0.249*** 0.225*** 0.238*** 

  (0.0138) (0.0139) (0.0319) (0.0359) 

R&D as share of GDP  0.0736*** 0.0715*** 0.0267 0.0230 

  (0.0188) (0.0194) (0.0197) (0.0211) 

Constant -2.596*** -5.247*** -5.272*** -4.954*** -5.046*** 

 (0.0483) (0.135) (0.127) (0.290) (0.328) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.570  0.651 

Number of Country 28 25 25 25 25 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table C. Regressions of High-EPL on Cognitive employment 

 (1) (2) (3) (4) (5) 

VARIABLES Cognitive Cognitive Cognitive Cognitive Cognitive 

      

High-EPL -0.0904*** 0.0511** 0.0552** 0.0495** 0.0532*** 

 (0.0332) (0.0208) (0.0214) (0.0199) (0.0205) 

Ln(GDP per capita)  0.309*** 0.312*** 0.232*** 0.224*** 

  (0.0122) (0.0123) (0.0266) (0.0318) 

R&D as share of GDP  0.0462*** 0.0432** 0.00176 -0.0181 

  (0.0167) (0.0172) (0.0170) (0.0187) 

Constant -4.112*** -7.381*** -7.454*** -6.650*** -6.593*** 

 (0.0547) (0.120) (0.113) (0.240) (0.290) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.681  0.741 

Number of Country 28 25 25 25 25 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

 Table D. Regressions of High-EPL on Aggregate employment  

 (1) (2) (3) (4) (5) 

VARIABLES Aggregate Aggregate Aggregate Aggregate Aggregate 

      

High-EPL 0.00947 0.0373*** 0.0359*** 0.0408*** 0.0424*** 

 (0.0131) (0.0112) (0.0115) (0.0107) (0.0110) 

Ln(GDP per capita)  0.113*** 0.116*** 0.170*** 0.196*** 

  (0.00657) (0.00661) (0.0147) (0.0170) 

R&D as share of GDP  -0.0363*** -0.0442*** -0.0293*** -0.0292*** 

  (0.00890) (0.00922) (0.00924) (0.0100) 

Constant -0.832*** -1.925*** -1.950*** -2.414*** -2.657*** 

 (0.0229) (0.0634) (0.0604) (0.133) (0.155) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.414  0.526 

Number of Country 28 25 25 25 25 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table E. Regressions of High-EPL on Routine employment  

 (1) (2) (3) (4) (5) 

VARIABLES Routine Routine Routine Routine Routine 

      

High-EPL 0.0680*** 0.0233 0.0111 0.0288* 0.0317** 

 (0.0183) (0.0176) (0.0182) (0.0153) (0.0150) 

Ln(GDP per capita)  -0.0115 -0.00433 0.193*** 0.284*** 

  (0.0104) (0.0105) (0.0210) (0.0233) 

R&D as share of GDP  -0.101*** -0.121*** -0.0422*** -0.0204 

  (0.0140) (0.0146) (0.0132) (0.0137) 

Constant -1.779*** -1.477*** -1.497*** -3.323*** -4.165*** 

 (0.0291) (0.0994) (0.0958) (0.190) (0.212) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.197  0.518 

Number of Country 28 25 25 25 25 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

Table F. Regressions of EPL on Manual employment 

 (1) (2) (3) (4) (5) 

VARIABLES Manual Manual Manual Manual Manual 

      

EPL -0.350*** -0.142*** -0.159*** -0.122*** -0.139*** 

 (0.0283) (0.0258) (0.0280) (0.0245) (0.0271) 

Ln(GDP per capita)  0.230*** 0.232*** 0.209*** 0.230*** 

  (0.0138) (0.0139) (0.0303) (0.0350) 

R&D as share of GDP  0.0526*** 0.0483** 0.0151 0.0103 

  (0.0187) (0.0192) (0.0191) (0.0205) 

Constant -1.870*** -4.748*** -4.712*** -4.512*** -4.634*** 

 (0.0790) (0.164) (0.163) (0.289) (0.333) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.592  0.666 

Number of Country 28 25 25 25 25 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table G. Regressions of EPL on Cognitive employment 

 (1) (2) (3) (4) (5) 

VARIABLES Cognitive Cognitive Cognitive Cognitive Cognitive 

      

EPL -0.340*** -0.0878*** -0.105*** -0.0680*** -0.0923*** 

 (0.0305) (0.0234) (0.0252) (0.0217) (0.0244) 

Ln(GDP per capita)  0.298*** 0.300*** 0.213*** 0.197*** 

  (0.0124) (0.0125) (0.0268) (0.0314) 

R&D as share of GDP  0.0166 0.00854 -0.0227 -0.0494*** 

  (0.0168) (0.0173) (0.0171) (0.0185) 

Constant -3.365*** -6.996*** -7.001*** -6.256*** -6.059*** 

 (0.0885) (0.148) (0.146) (0.255) (0.299) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.688  0.745 

Number of Country 28 25 25 25 25 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

Table H. Regressions of EPL on Routine employment 

 (1) (2) (3) (4) (5) 

VARIABLES Routine Routine Routine Routine Routine 

      

EPL 0.0762*** -0.00408 -0.0209 -0.0350** -0.0491*** 

 (0.0180) (0.0189) (0.0217) (0.0172) (0.0179) 

Ln(GDP per capita)  -0.0123 -0.00676 0.210*** 0.269*** 

  (0.0107) (0.0107) (0.0216) (0.0231) 

R&D as share of GDP  -0.106*** -0.128*** -0.0501*** -0.0379*** 

  (0.0142) (0.0149) (0.0133) (0.0136) 

Constant -1.922*** -1.439*** -1.407*** -3.357*** -3.871*** 

 (0.0501) (0.122) (0.126) (0.206) (0.220) 

 

Country fixed effect         No          No        Yes         No Yes 

Year fixed effect         No          No        No        Yes  Yes 

Observations 567 507 507 507 507 

R-squared   0.198  0.521 

Number of Country 28 25 25 25 25 
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table I. Regressions of EPL on Aggregate employment 

 (1) (2) (3) (4) (5) 

VARIABLES Aggregate Aggregate Aggregate Aggregate Aggregate 

      

EPL -0.0720*** -0.0125 -0.0235* -0.0150 -0.0273** 

 (0.0128) (0.0124) (0.0138) (0.0120) (0.0133) 

Ln(GDP per capita)  0.110*** 0.113*** 0.161*** 0.182*** 

  (0.00679) (0.00683) (0.0149) (0.0172) 

R&D as share of GDP  -0.0457*** -0.0569*** -0.0405*** -0.0452*** 

  (0.00914) (0.00945) (0.00940) (0.0101) 

Constant -0.660*** -1.840*** -1.828*** -2.260*** -2.422*** 

 (0.0372) (0.0791) (0.0800) (0.142) (0.163) 

 

Country fixed effect No No Yes No Yes 

Year fixed effect No No No Yes Yes 

Observations 567 507 507 507 507 

R-squared   0.406  0.515 

Number of Country 28 25 25 25 25 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

Table J. Regressions on occupational growth rates including fixed country effects 

 (1) (2) (3) (4) 

VARIABLES Routine Manual Cognitive Aggregate 

     

High-EPL -0.00654 -0.0138 0.00404 -0.00129 

 (0.00991) (0.0126) (0.0113) (0.00420) 

Trough -0.0317*** -0.00619 -0.00828 -0.00808** 

 (0.00778) (0.00986) (0.00889) (0.00329) 

Recovery 0.00997 -0.00137 0.00322 -0.00354 

 (0.00795) (0.0101) (0.00908) (0.00337) 

High-EPL*Trough 0.0218** 0.0178 0.0176 0.00410 

 (0.0110) (0.0139) (0.0126) (0.00466) 

High-EPL*Recovery -0.0144 -0.00125 -0.00262 0.00116 

 (0.0109) (0.0139) (0.0125) (0.00464) 

R&D as share of GDP -0.00147 0.0168 0.00188 0.00668* 

 (0.00851) (0.0108) (0.00972) (0.00360) 

GDP per capita 0.212*** 0.149*** 0.141*** 0.144*** 

 (0.0403) (0.0511) (0.0460) (0.0171) 

Country fixed effect Yes Yes Yes Yes 

Year fixed effect Yes Yes Yes Yes 

Observations 495 495 495 495 

R-squared 0.305 0.157 0.099 0.392 

Number of Country 25 25 25 25 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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